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roton Pump Inhibitor Therapy Improves Symptoms in Postnasal Drainage
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his article has an accompanying continuing medical education activity on page e11. Learning Objective: Upon
ompletion of this exercise, successful learners will be able to appreciate the role of gastroesophageal reflux disease in

atients presenting with extraesophageal symptoms.
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ACKGROUND & AIMS: Gastroesophageal reflux is
ommon among patients with postnasal drainage. We in-
estigated whether proton pump inhibitor therapy im-
roved symptoms in patients with postnasal drainage with-
ut sinusitis or allergies. METHODS: In a parallel-group,
ouble-blind, multi-specialty trial, we randomly assigned 75
articipants with continued symptoms of chronic postnasal
rainage to groups that were given 30 mg of lansoprazole
wice daily or placebo. Participants were followed up for 16
eeks. Symptoms were assessed at baseline and after 8 and
6 weeks. Ambulatory pH and impedance monitoring as-
essed presence of baseline reflux. The primary objective of
he study was to determine if acid suppressive therapy
mproved postnasal drainage symptoms. The secondary ob-
ective was to assess if pH and impedance monitoring at
aseline predicted response to treatment. RESULTS: Post-
asal drainage symptoms improved significantly among
atients given lansoprazole compared with placebo. After 8
nd 16 weeks, participants given lansoprazole were 3.12-
old (1.28–7.59) and 3.50-fold (1.41–8.67) more likely to
espond, respectively, than participants given placebo. After
6 weeks, median (interquartile) percent symptom improve-
ents were 50.0% (10.0%–72.0%) for participants given lan-

oprazole and 5.0% (0.0%–40.0%) for participants given pla-
ebo (P � .006). Neither baseline presence of typical reflux
ymptoms nor esophageal physiologic parameters predicted
esponse to therapy. CONCLUSIONS: Among partici-
ants with chronic postnasal drainage without ev-

dence of sinusitis and allergies, twice-daily therapy
ith proton pump inhibitors significantly im-
roved symptoms after 8 and 16 weeks. The pres-
nce of heartburn, regurgitation, abnormal levels
f esophageal acid, or nonacid reflux did not pre-
ict response to therapy.

eywords: Gastroesophageal Reflux Disease; Extraesopha-
eal GERD; Randomized Controlled Trial; Impedance
H Monitoring.

iew this article’s video abstract at www.gastrojournal.org
ostnasal drainage is a common symptom for which
patients seek medical attention. It is defined as the

ensation of drainage, pharyngeal irritation, and an urge
o clear the throat.1,2 Postnasal drainage is a normal
hysiologic process. However, when excessive, it is fre-
uently attributed to sinonasal inflammatory disease and
ssociated with chronic rhinosinusitis as well as allergic
nd nonallergic rhinitis. Postnasal drainage is the most
ommon etiology for patients with persistent chronic
ough and throat clearing.3,4 The nonspecific and vari-
ble presentation of patients with rhinosinus diseases
nd lack of a diagnostic gold standard compound the
ifficult task of identifying the exact pathophysiologic
ource. Furthermore, given the chronic nature of the
ymptom and the added anxiety brought on by ineffec-
ive therapies, many continue seeking care and undergo
ostly medical or surgical treatment for sinonasal disease.

Gastroesophageal reflux disease is among the many
otential purported causes of chronic postnasal drain-
ge.4,5 It is a common chronic disorder with increasing
revalence.6 Approximately 40% of adults frequently re-
ort heartburn,7 and it remains the leading outpatient
hysician diagnosis for gastrointestinal disorders in the
nited States.8 Given its increasing prevalence, gastro-

sophageal reflux often coexists in many patients with
hronic postnasal drainage. Esophageal acid exposure in
his group may or may not be accompanied by presence
f typical reflux symptoms such as heartburn and regur-
itation.9 Additional difficulty is the lack of a diagnostic
old standard for gastroesophageal reflux.10 Upper gas-
rointestinal endoscopy, barium swallow, or ambulatory
H monitoring are commonly used but have a limited
ole in correctly diagnosing reflux as the cause in those
ith chronic postnasal drainage. Thus, the current clin-

cal practice guidelines favor an empiric trial of a proton

Abbreviations used in this paper: QOLRAD, Quality of Life in Reflux
nd Dyspepsia; RAST, radioallergosorbent test; RSOM-31, Rhinosinus-

tis Outcome Measure; SNOT-20, Sino-Nasal Outcome Test.
© 2010 by the AGA Institute
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1888 VAEZI ET AL GASTROENTEROLOGY Vol. 139, No. 6
ump inhibitor over initial testing to treat presumptive
astroesophageal reflux.11,12 Proton pump inhibitors are
ffective in suppressing the production of gastric acid,
ealing esophagitis,13 and reducing symptoms of reflux.
revious controlled trials, however, have been disappoint-

ng regarding the beneficial effect of proton pump inhib-
tors in patients with chronic laryngitis, chronic asthma,
nd chronic cough.14 –18 Whether proton pump inhibi-
ors improve the symptom of chronic postnasal drainage
s less well established, and direct evidence is lacking.11

We compared lansoprazole with placebo in patients
ith poorly controlled chronic postnasal drainage with-
ut evidence of sinusitis or allergies. The primary objec-
ive of the study was to determine if acid suppressive
herapy would improve postnasal drainage symptoms.
he secondary objective was to assess if pH and imped-
nce monitoring at baseline would predict response to
reatment.

Patients and Methods
The study was performed in accordance with the

eclaration of Helsinki, Good Clinical Practice, and ap-
licable regulatory requirements. The Vanderbilt Institu-
ional Review Board approved this clinical trial (#051169)
NCT00335283). All participants signed an informed
onsent form before any study-related procedures were
erformed.

Participant Selection
We conducted a randomized, placebo-controlled,

ouble-blind trial of lansoprazole (Prevacid; Takeda
harmaceuticals North America, Inc, Chicago, IL) in par-
icipants with the symptom of chronic postnasal drain-
ge. Inclusion criteria were age 18 years or older; a diag-
osis of chronic rhinitis with the predominant symptom
f postnasal drainage by an expert physician in a multi-
isciplinary allergy, asthma, and sinus clinic; a negative
adioallergosorbent test (RAST) allergy panel (or skin
est) or a positive RAST result (or skin test) but with an
nsufficient response to conventional therapies (allergen
voidance, topical nasal corticosteroids, allergy shots, an-
ihistamines) (in clinical practice, this group is often
ubjected to gastroesophageal reflux disease therapy sim-
lar to those with a negative RAST test result); a negative
omputed tomographic scan of the sinuses (no opacifi-
ation or air-fluid levels in frontal, maxillary, ethmoid,
nd sphenoid sinuses); and negative findings on anterior
hinoscopy (absence of pus, crusts on mucosal surfaces).
articipants were excluded if they were younger than 18
ears; were pregnant; had diagnoses of ciliary dyskinesia,
ystic fibrosis, an immune deficiency, uncontrolled thy-
oid disease, acute sinusitis, or chronic rhinosinusitis;
ad undergone surgery for reflux or peptic ulcer disease;
ctively used a topical decongestant or took proton
ump inhibitors within the past 30 days; or were taking

rugs that could interact with proton pump inhibitors, a
uch as theophylline, iron supplements, warfarin, anti-
ungal drugs, or digitalis. Participants were also excluded
f they could not tolerate proton pump inhibitors or had

serious illness that would interfere with study partici-
ation. Participants with isolated cough without postna-
al drainage were not considered.

Study Design
The study was conducted as a single-center mul-

idisciplinary trial involving the Vanderbilt Asthma, Si-
us, Allergy Program and the Vanderbilt Digestive Dis-
ase Center from May 2006 to March 2009. The study
as designed as a 2-group, parallel-design, double-blind,

andomized trial to test the hypothesis that lansoprazole
as superior to placebo in improving the symptom of
ostnasal drainage. Participants were randomly assigned

computer generated) in a 1:1 ratio to receive either
ansoprazole 30 mg twice daily or a similar-appearing
lacebo for 16 weeks. Participants were instructed to take
he medication 30 minutes before breakfast and 30 min-
tes before dinner. After randomization, participants re-
urned to the clinic for assessment of outcome measures
t 8 weeks and 16 weeks. Drug accountability, concomi-
ant medication review, and statement of eventual ad-
erse events were checked during the 8- and 16-week
ollow-up visits. Information regarding lifestyle modifi-
ation for reflux was not administered and was not en-
orced. The investigators, patients, and those involved in
btaining outcome data were blinded to randomization
tatus of the patients.

Screening Period
Participants who met eligibility criteria enrolled in

2- to 4-week run-in period, during which they com-
leted a baseline symptom questionnaire assessing demo-
raphics (age, sex, and race); presence, severity, and fre-
uency of gastroesophageal reflux and reflux-associated
ymptoms (cough, hoarseness, throat clearing, sore
hroat, globus sensation, heartburn, regurgitation, prob-
em swallowing, chest pain, and discomfort to talk); to-
acco and alcohol use; and presence of voice/throat and
asal symptoms. Severity of gastroesophageal reflux and
hroat symptoms was scored using a 5-point Likert scale
0 � none; 4 � severe). Participants also underwent
sophageal motility testing and ambulatory prolonged
mpedance pH monitoring while off acid suppressive
herapies. The results from esophageal physiologic test-
ng did not affect randomization.

Outcome Measures
The primary outcome measure was postnasal

rainage symptom response measured by using a visual
nalogue scale. At 8 and 16 weeks, a horizontal symp-
oms scale from 0% (no change) to 100% (symptoms
ompletely resolved) was presented to participants to

ssess improvement in postnasal drainage symptoms.
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December 2010 PPIs IMPROVE POSTNASAL DRAINAGE 1889
econdary outcomes recorded at baseline and at 8 and
6 weeks were the Rhinosinusitis Outcome Measure
RSOM-31),19 Sino-Nasal Outcome Test (SNOT-20),20

nd Quality of Life in Reflux and Dyspepsia (QOLRAD)21

uestionnaires. RSOM-31 is a 31-item rhinosinusitis-spe-
ific questionnaire that is clinically validated and reli-
ble19 and measures both symptom magnitude on a
-point scale and symptom importance on a 4-point
ikert scale. Scores range from 0 to 155 for magnitude
nd from 31 to 124 for importance, with the higher
cores suggesting worse quality of life. SNOT-20 is a

odification of the RSOM-31 questionnaire that is more
ocused on nasal and paranasal symptoms, including
ostnasal drainage.20 It is a validated rhinosinusitis ques-
ionnaire containing 20 questions (ranging from 0 � no
roblems to 5 � problems as bad as can be). Scores are
xpressed between 0 to 100, with the higher score repre-
enting worse quality of life. QOLRAD is a validated
astroesophageal reflux disease– dedicated and self-ad-
inistrated questionnaire.21

Esophageal Function Testing
High-resolution manometry (Sierra Scientific In-

truments Inc, Los Angeles, CA) was used to measure the
ocation of the lower esophageal sphincter before place-

ent of the impedance pH catheter. Impedance pH mon-
toring (Sandhill Scientific Inc, Highlands Ranch, CO)
as performed while participants were off proton pump

nhibitor therapy for at least 7 days. The details for the
onduct of both methods were previously described.22

Statistical Analysis
Data were collected and stored at the secure Web-

ased Vanderbilt Digestive Disease Center REDCap (Re-
earch Electronic Data Capture) (1 UL1 RR024975
CRR/NIH). REDCap is an application designed to sup-
ort data capture for research studies providing (1) an

ntuitive interface for validate data entry, (2) audit trails
or tracking data manipulation and export procedures,
3) automated export procedures for seamless data down-
oads to common statistical packages, and (4) procedures
or importing data from external sources. There was
trict control and supervision of the data entry and access
or this study.

A sample size of 33 patients in each treated arm was
onsidered sufficient to detect a difference of 35% be-
ween groups, assuming a lansoprazole treatment re-
ponse of 70% and a placebo response of 35% with an �
evel of .05 and 90% power. A total of 75 patients was
onsidered an adequate sample size to allow for a 10%
ropout rate. All primary and secondary outcomes were
easured on an ordinal scale, so we used the propor-

ional odds logistic regression model to estimate the log
dds of improved scores in the lansoprazole and placebo
roups. For the RSOM-31, SNOT-20, and QOLRAD sur-

ey analyses, we adjusted for survey results collected at t
aseline to improve precision. Analyses of treatment ef-
ect modification by chief symptom (heartburn, regurgi-
ation) and pH characteristics were performed by includ-
ng interaction terms between the potential modifier and
reatment in the model. All analyses were performed
sing completed data according to treatment assignment
t randomization. Continuous variables are described
sing the median (interquartile range) and results pre-
ented as odds ratios (95% confidence interval) as esti-

ated using the R statistics package.

Role of Funding Source
The protocol was an independent investigator-

nitiated study funded by Takeda Pharmaceuticals
orth America, Inc, but conceived by the primary inves-

igator (M.F.V.) and coprimary investigators (D.C.L. and
.D.H.). Takeda Pharmaceuticals provided funding for

he study coordinator and patient compensation and
rovided samples of lansoprazole and identical-appear-

ng placebo. The funding source had no role in the study
esign, conduct, data collection, statistical analysis,
anuscript preparation, interpretation, or decision to

ubmit the manuscript for publication.

Results
A total of 75 participants were randomly assigned

o one of the 2 groups in the study (Supplementary
igure 1). The majority of participants were white
omen. Nearly two thirds of participants had concomi-

ant heartburn and one half of participants reported
egurgitation at baseline. Baseline characteristics were
imilar between the placebo and lansoprazole groups
Table 1). The participants were nonsmokers, and more
han half were using nasal corticosteroid or antihista-

ine medications, the dose or use of which was not
ltered during the study period. Only one third of par-
icipants had previously used proton pump inhibitor
herapy. Ambulatory pH and impedance monitoring was
erformed in 65% of participants at baseline. Gastro-
sophageal reflux objectively assessed by pH monitoring
as present in 30% of participants in the placebo group
nd 31% of participants in the lansoprazole group. Im-
edance parameters were abnormal in 9% of participants

n the placebo group and 6% of the participants in the
ansoprazole group. Fewer than half of the participants
n each group had an abnormal esophageal motility pat-
ern, but most were due to abnormalities in lower esoph-
geal sphincter pressure (hypotensive or hypertensive).
leven participants (5 in the placebo group and 6 in the

ansoprazole group) were not included in the analysis due
o adverse events (5 participants), noncompliance (2 par-
icipants), lost to follow-up (2 participants), and with-
rawal of consent (2 participants). There was no evidence
f any difference in the baseline demographic or physio-

ogic parameters in the 11 participants not included in

he analysis compared with those who completed the
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1890 VAEZI ET AL GASTROENTEROLOGY Vol. 139, No. 6
tudy. No additional medications for allergies or for
eflux disease were allowed or used during the study
eriod.
When defining an adherent participant as one who took

oth doses of the drug or placebo on at least 80% of the days
uring the study period, the rate of participants who re-
orted adherence in the lansoprazole group was similar to
he rate in the placebo group (90% and 91%, respectively)
nd as assessed by pill counts (85% and 87%, respectively).
ansoprazole was generally well tolerated, and only a few
articipants discontinued treatment in either the lansopra-
ole or placebo group due to side effects (3 vs 2 partici-
ants). The most commonly reported adverse events in
atients randomized to lansoprazole or placebo included
bdominal pain, nausea, and bloating in the former and
eartburn and cough in the latter groups. There were no
erious adverse events requiring urgent or emergent care or
ospitalization in either group.

Outcome
Overall, the participants had significant improve-

ent in the primary symptom of postnasal drainage with
ansoprazole compared with placebo both at 8 and 16
eeks (Table 2). At 8 and 16 weeks, participants treated
ith lansoprazole were 3.12 (1.28 –7.59) and 3.50 (1.41–
.67) times more likely to respond than participants
eceiving placebo, respectively. Median symptom score
mprovement at 8 and 16 weeks was 55.0 (12.5– 80.0) and
0.0 (10.0 –72.0), respectively, for participants treated
ith lansoprazole and 3.5 (0.0 –53.8) and 5.0 (0.0 – 40.0),

espectively, for participants receiving placebo. SNOT-20
cores were 2.44 (0.95– 6.31) and 4.51 (1.50 –13.6) times

ore likely to improve at 8 and 16 weeks, respectively, for
articipants treated with lansoprazole than those receiv-

ng placebo (Table 2). QOLRAD scores were 5.17 (2.02–

able 1. Continued

Characteristics
Placebo
(n � 39)

Lansoprazole
(n � 36)

Heartburn 65 67
Regurgitation 44 53
Problem swallowing 44 40
Chest pain 24 30
Discomfort to talk 32 40

OTE. Results are expressed as median (interquartile range) unless
therwise noted.
ES, lower esophageal sphincter.
Abnormal pH defined as percent time pH � 4 of greater than 5.5%.
Abnormal impedance defined by total number of reflux events greater
han 72.
Score range from 0 to 155 for magnitude and from 31 to 124 for
mportance, with the higher scores suggesting worse quality of life.
Score range from 0 to 100, with the higher scores suggesting worse
uality of life.
Score range from 25 to 175, with the higher scores suggesting less
mpaired quality of life.
able 1. Baseline Characteristics of the Study Population

Characteristics
Placebo
(n � 39)

Lansoprazole
(n � 36)

ge at distribution (y) 48 (32–54) 33 (30–56)
ale sex (%) 35 20
ace or ethnic group (%)
White 88 73
Black 9 16
Hispanic 0 3
Other 3 8

urrent or former smoker (%) 3 0
urrent use of nasal

medication (%)
Corticosteroid spray 65 77
Decongestants 32 20
Antihistamines 62 63

revious acid suppressive
therapy use (%)

Proton pump inhibitor 32 37
H2 receptor antagonist 30 20

sophageal physiologic testing
Participants assessed (%) 65 65
pH

Abnormala (%) 30 31
% total time pH �4 3.1 (1.2–6.8) 3.1 (1.6–5.9)
% upright time pH �4 3.9 (1.0–7.0) 4.7 (1.9–9.7)
% supine time pH �4 0.2 (0.0–2.6) 0.3 (0.0–2.7)

Impedance
Abnormalb (%) 9 6
Total no. of reflux events 45 (30–61) 46 (44–57)
Acid reflux events 35 (16–42) 32 (23–43)
Non–acid reflux events 11 (6–18) 8 (5–19)

Motility (%)
Abnormal 48 40
Hypotensive LES 24 7
Ineffective motility

disorder
10 0

Hypertensive LES 14 33
SOM-31
Total scorec 51 (38–69) 63 (50–93)

Nasal 11 (9–15) 15 (13–20)
Eye 4 (0–6) 4 (1–6)
Sleep 11 (7–13) 10 (6–15)
Ear 4 (2–9) 5 (2–11)
General 11 (6–17) 14 (11–20)
Practical 8 (4–11) 9 (4–12)
Emotional 3 (2–5) 5 (2–8)

NOT-20
Total scored 35 (31–45) 36 (31–52)

Nasal 10 (8–12) 12 (8–14)
Postnasal discharge 2 (1–3) 3 (2–3)

OLRAD
Total scoree 160 (142–170) 155 (126–169)

Emotional 41 (35–42) 37 (26–41)
Sleep 33 (27–35) 31 (23–35)
Food/drink 36 (30–41) 34 (24–39)
Physical/social 34 (31–35) 33 (30–35)
Vitality 19 (16–21) 18 (13–21)

ther self-reported
conditions (%)

Cough 62 73
Hoarseness 47 50
Throat clearing 85 93
Sore throat 58 65
3.2) and 5.31 (1.97–14.3) times more likely to improve at
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and 16 weeks for participants treated with lansoprazole
han those receiving placebo. RSOM-31 scores were not
ignificantly affected in participants treated with lanso-
razole compared with those receiving placebo.

Subgroup Analyses
We performed planned subgroup analyses to de-

ermine if a subgroup of participants was more likely to
enefit from lansoprazole therapy. Neither baseline pres-
nce of typical reflux symptoms such as heartburn and
egurgitation nor esophageal physiologic parameters of

otility, pH, or impedance monitoring predicted in-
reased likelihood of response to therapy.

Discussion
The purpose of this trial was to determine if acid

uppression using a proton pump inhibitor, lansopra-
ole, would improve the symptom of chronic postnasal
rainage. We showed that in participants without objec-
ive signs of chronic sinusitis or allergies with chronic
ostnasal drainage as the main symptom, a trial of acid
uppression would be beneficial. We used twice-daily lan-
oprazole to ensure adequate acid suppression23 and
he study duration was chosen based on prior reports
hat symptomatic improvement in extraesophageal reflux

ay take up to 16 weeks.9,11,24 In this study, we found
hat clinical benefit, although stronger at 16 weeks, was
pparent even after 2 months of therapy. Moreover, we
erformed ambulatory pH and impedance monitoring
tudies to establish whether those with documented acid
r nonacid reflux might benefit more from therapy with
proton pump inhibitor than those without objective

H or impedance findings. We did not identify any pre-
ictors of treatment response, which is concordant with
he fact that the tests are not the gold standard for

able 2. Primary and Secondary Outcomes

Outcomes Placebo (n � 34)

weeks
Postnasal drainage

Symptom improvementb 3.5 (0.0–53.8)
�50% improvement (%)c 35
RSOM-31d 36 (20–60)
SNOT-20d 32 (17–39)
QOLRADd 155 (148–170)

6 weeks
Postnasal drainage

Symptom improvementb 5.0 (0.0–40.0)
�50% improvement (%)c 24
RSOM-31d 35 (23–55)
SNOT-20d 27 (16–38)
QOLRADd 160 (146–172)

Odds ratio and 95% confidence interval.
Median (interquartile range).
Percentage of subjects who experienced at least 50% symptom imp
Median (interquartile range) and odds ratios of total score improvem
iagnosis of gastroesophageal reflux. o
Proton pump inhibitors have previously shown clinical
enefit in healing esophagitis and improving symptoms

n patients with nonerosive reflux disease.13 However,
heir benefit has been difficult to establish in patients
ith suspected extraesophageal reflux symptoms in ran-
omized controlled trials.14 –18 A recent double-blind pla-
ebo-controlled study by the American Lung Association
sthma Clinical Research Centers16 in 412 participants
ith inadequately controlled asthma and minimal or no

ymptom of gastroesophageal reflux found no benefit of
reatment with high-dose esomeprazole. Similarly, Kiljan-
er et al17 found no overall benefit in daily expiratory
ow rate or exacerbations of asthma symptoms using
igh-dose esomeprazole for 24 weeks in patients with
sthma. The study on chronic laryngitis suspected of
eing reflux related with the largest number of enrolled
articipants found no evidence that esomeprazole 40 mg
dministered twice daily for 16 weeks was more effective
han placebo in resolving or improving laryngeal signs
nd symptoms.14 A meta-analysis of 8 pooled random-
zed controlled trials in chronic laryngitis showed similar
ndings.15 Despite the results of these trials, it is largely
ccepted that gastroesophageal reflux may exacerbate
any extraesophageal symptoms.9,25,26 The overwhelm-

ng challenge in most studies has been to enroll the
atient population most likely to benefit from acid sup-
ressive therapy. However, this has proven difficult due
o the lack of a gold standard for reflux disease. pH

onitoring, once considered the gold standard, has poor
ensitivity and laryngoscopy has poor specificity.9,10,27

This study differs from previous trials5,14 –18 in that we
rst excluded patients with objective evidence for other
otential causes for chronic postnasal drainage. Patients
ith chronic sinusitis and those with significant allergies
ere excluded. Additionally, baseline presence or absence

oprazole (n � 30) Treatment effecta P value

.0 (12.5–80.0) 3.12 (1.28–7.59) .01
53 1.73 (0.65–4.60) .27

40 (23–65) 1.01 (0.38–2.70) .97
25 (17–35) 2.44 (0.95–6.31) .06
74 (157–175) 5.17 (2.02–13.2) .006

.0 (10.0–72.0) 3.50 (1.41–8.67) .006
60 4.87 (1.66–14.30) .003

35 (21–61) 1.11 (0.40–3.06) .84
20 (19–40) 4.51 (1.50–13.6) .007
73 (158–174) 5.31 (1.97–14.3) .001

ent.
adjusted for baseline scores.
Lans

55

1

50

1

rovem
f concomitant heartburn did not play a role in patient
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nrollment, unlike two of the trials.14,16 The role of “si-
ent reflux” in patients with predominately extraesopha-
eal symptoms is currently controversial.11 We found
hat neither baseline presence of typical reflux symptoms
uch as heartburn and regurgitation nor esophageal
hysiologic parameters of motility, pH, or impedance
onitoring predicted increased likelihood of response to

herapy. In addition to patient report of postnasal drain-
ge symptom improvement, we used a validated ques-
ionnaire for reflux and rhinosinus diseases. Postnasal
rainage symptom improvement was chosen as the pri-
ary outcome because it is similar to current clinical

ractice in assessing response to therapy. Validated ques-
ionnaires were needed, however, to provide support for
he measured outcome. The improvement in the symp-
om of postnasal drainage on proton pump inhibitor
herapy in this study was paralleled by improvement in
NOT-20 as well as QOLRAD but not RSOM-31.
NOT-20 was derived from RSOM-31 to be a more spe-
ific instrument for rhinosinus disease, allowing the pa-
ients to indicate which items are most important to
hem, independent of the magnitude of the problem.

Proposed means by which gastroesophageal reflux may
nduce extraesophageal symptoms have traditionally in-
luded microaspiration of gastric or duodenal contents
nd stimulation of a vagal reflex arc.28 Thus, one mech-
nism by which proton pump inhibitors may result in
mprovement of chronic postnasal drainage may be re-
uction in gastric acidity and volume. Previous studies
ave shown normalization of esophageal acid exposure in
9% of patients treated with proton pump inhibitors
wice daily.11,22 Moreover, proton pump inhibitor therapy
as been shown to reduce not only esophageal acid ex-
osure but also esophageal nonacid reflux,29,30 most

ikely due to gastric volume reduction.31,32 However, al-
ernative mechanisms for the observed improvement in
ostnasal drainage symptoms deserving special attention
re the potential antihistaminergic effect of drying naso-
haryngeal secretions and/or the anti-inflammatory ef-
ect of proton pump inhibitors.33 Several in vitro as well
s in vivo studies have suggested that proton pump
nhibitors exert anti-inflammatory effects exclusive of
astric acid inhibition.34 –38 Omeprazole and lansoprazole
ere found to have antioxidant effects by preventing the
xidation of �-carotene by hypochlorous acid and the
opper-induced oxidation of low-density lipoproteins, re-
pectively.34,35 Proton pumps present in the phagolyso-
omes of neutrophils inhibited by these agents may result
n inhibition of oxidative burst and subsequent attenua-
ion or prevention of inflammation.36,37 In vitro studies
ave also shown that omeprazole impaired neutrophil
igration and phagocytosis.36 Proton pump inhibitors

lso exert anti-inflammatory effects by inhibiting the
roduction of proinflammatory cytokines such as inter-
eukin-8,37 interleukin-6, and tumor necrosis factor �.38
Our study has several limitations. First, the sample size
f 75 participants is relatively small. However, the study
as designed to exclude those with other potential causes

or symptoms of postnasal drainage, which resulted in
ncreased selectivity of participants. A total of 372 sub-
ects with postnasal drainage as the primary symptom
ere evaluated, from which 75 participants were random-

zed (Supplementary Figure 1). Second, lack of an objec-
ive measure of postnasal drainage limited the study
utcome to be symptom based only. However, inclusion
f validated quality-of-life questionnaires increased the
obustness of the results and the study conclusions.
hird, baseline pH and impedance monitoring were per-

ormed in 65% of patients, which may have decreased our
recision to determine if initial pH modified the effect of

ansoprazole on postnasal drainage symptoms. However,
iven the discomfort associated with these tests, we could
ot mandate testing for all potential candidates risking
ecreased enrollment.
In conclusion, we have found that among patients

ith chronic postnasal drainage without evidence of si-
usitis and allergies, twice-daily proton pump inhibitor
herapy resulted in significant improvement at 8 and 16
eeks. There was no evidence that presence of typical

ymptoms, heartburn or regurgitation, or abnormal
sophageal acid, acid or nonacid exposure, modified re-
ponse to therapy.

Supplementary Material

Note: To access the supplementary material
ccompanying this article, visit the online version of
astroenterology at www.gastrojournal.org, and at doi:
0.1053/j.gastro.2010.08.039.
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Supplementary Figure 1. Enrollment, randomization, and follow-up of study participants.
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