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Gastroesophageal ref lux: a potential

asthma trigger
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Gastroesophageal reflux (GER), the retrograde movement of gastric contents

into the esophagus, afflicts millions of Americans. A population-based survey of

randomly selected adults shows that the prevalence rate of heartburn or

regurgitation at least weekly approaches 20% [1]. Sir William Osler formally

recognized GER as a potential trigger of asthma and stated ‘‘. . .attacks may be

due to direct irritation of the bronchial mucosa or indirectly, too, by reflex

influences from stomach. . .’’ [2]. Since Osler’s time, we have gained significant

insight into the association between asthma and GER [3].
Gastroesophageal reflux prevalence and epidemiologic considerations in

asthmatics

GER symptoms are common in adults and children with asthma. Field et al [4]

examined 109 asthmatics and 135 subjects in two control groups and found that

heartburn was present in 77% of asthmatics compared with 50% of subjects in the

control groups. Furthermore, 41% of asthmatics noted GER-associated respira-

tory symptoms, and 28% used their inhalers while experiencing GER symptoms.

These data verify that GER symptoms are more prevalent in asthmatics compared
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with control populations and that asthmatics associate GER symptoms with their

asthma symptoms. This high prevalence was verified by Perrin-Fayolle et al [5],

who found that 65% of consecutive asthmatics had GER symptoms. Asthma

symptoms also correlated with esophageal acid events on 24-hour esophageal pH

testing. Our laboratory noted that of 151 respiratory symptoms reported during

24-hour esophageal pH testing, 119 (79%) were associated with esophageal acid

[6]. Approximately 50% of children with asthma have GER symptoms [7].

GER may be clinically ‘‘silent’’ in asthmatics. In difficult-to-control asth-

matics who did not have GER symptoms, Irwin et al [8] found that 24% had

GER-responsive asthma. Our laboratory observed in consecutive asthmatics

without GER symptoms that 62% of them had abnormal esophageal pH tests [9].

Demographic variables did not identify asthmatics with clinically silent GER. In

children, GER was detected by scintigraphy in 23% of asthmatics who did not

have GER symptoms [10].

Biopsy-proven esophagitis was found in 43% of consecutive adult asthmatics

[11]. In children, esophagitis was present in 8.5% of asthmatics who had

abnormal esophageal pH tests [12]. Sontag et al [13] performed esophageal pH

tests in consecutive asthmatics and reported abnormal esophageal acid contact

times in 82%. Compared with control subjects, asthmatics had more frequent

reflux episodes and higher esophageal acid contact times. Our laboratory showed

that 72% of asthmatics with GER symptoms had abnormal esophageal acid

contact times [6]. Abnormal esophageal acid contact times are prevalent in chil-

dren. Cinquetti et al [12] examined 77 asthmatic children age 39 to 170 months

and reported abnormal esophageal acid contact times in 47 (61%). Asthma

severity was proportional to esophageal acid amounts, and nocturnal GER was

more frequently found in the moderate and severe asthmatics compared with the

mild asthmatics [12]. Tucci et al [14] noted that 75% of asthmatic children had

abnormal esophageal acid contact times.

Although many of the above studies used selected populations, asthmatics,

compared with control subjects, have a higher frequency of GER symptoms and

higher esophageal acid contact times. In general, approximately 50% to 80% of

adults and children with asthma have GER (Table 1).
Table 1

Prevalence of gastroesophageal reflux in asthmatics

Findings

Prevalence

Adults Children

Heartburn 77% 50%

Reflux-associated respiratory symptoms 41% —

Clinically silent GER 62% 23%

Esophagitis 43% 5.85%a

Abnormal esophageal pH 82% 75%

a Children with abnormal esophageal pH tests.

Data from Refs. [4,7,9–14].
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Epidemiologic considerations also give insight as to how GER may affect

asthma. A case-control study examined more than 101,000 veterans discharged

with esophagitis or esophageal stricture from 172 Veterans Administration hospi-

tals and compared them with randomly selected veterans without esophageal

disease. The veterans with significant esophageal disease had a 1.51 odds ratio

(OR) of having asthma [15]. Gislason et al [16] examined the association be-

tween respiratory symptoms and nocturnal GER in a population-based study of

more than 2600 young adults from three European countries. Subjects with noc-

turnal GER, compared with those without nocturnal GER, had a higher likelihood

of wheezing (adjusted OR 2.5, 95% confidence interval [CI] 1.6–3.9) and

physician-diagnosed asthma (adjusted OR 2.2, 95% CI 1.0–4.7). Asthmatics with

nocturnal GER had greater peak expiratory flow rate (PEF) variability. These data

support the hypothesis that GER during sleep has the potential to alter pulmo-

nary function during the night. In a large prospective cohort study of more than

6500 asthmatics, Diette et al [17] noted that asthmatics over 65 years of age had

higher heartburn prevalence compared with younger asthmatics and that GER

was a risk factor for asthma hospitalizations. That GER was a risk factor for

asthma hospitalization was verified by Shireman et al [18], who performed a

retrospective cross-sectional analysis of Ohio Medicaid claims over 12 months

involving 11,000 asthmatics. GER was predictive for a higher number of oral

corticosteroid bursts (P b 0.001) and for an increased risk of asthma-related

hospitalizations (P b 0.007).

There also are epidemiologic studies examining children. El-Serag [19] per-

formed a case-control study in 10,000 children without neurologic defects

(1980 subjects with GER and 7920 control subjects without GER) and reported

that children with GER had a higher asthma prevalence compared with control

subjects (13% versus 7%, P b 0.001). Even after adjusting for differences in age,

gender, and ethnicity, GER remained a significant risk factor for asthma, with an

OR of 1.9 (95% CI 1.6–2.3, P b 0.001). All of these studies show that GER

prevalence is high in children and adults with asthma and that the two diseases

may interact.
Predisposing factors to gastroesophageal reflux development in asthmatics

Under normal conditions in the stomach, the angle of His acts as a flap valve

to prevent material from leaving the stomach. The lower esophageal sphincter

(LES) is the major anti-reflux barrier and has an intrinsic basal tone along with

augmentation by crural diaphragm contractions [20]. If GER occurs, a swallow

initiates peristalsis that clears gastric contents from the esophagus. Saliva

neutralizes the acid pH and rinses the refluxate from the esophageal mucosa.

GER disease is a multifactorial process resulting from three potential motility

abnormalities, including an incompetent LES, inefficient esophageal clearance

of refluxed material, and delayed gastric emptying. Transient LES relaxations

are LES relaxations not associated with swallows and are responsible for
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approximately 75% of GER episodes in adults [20]. Specific predisposing factors

for GER development in asthmatics include an increased pressure gradient

between the thorax and the abdominal cavity (over-riding the LES pressure),

autonomic dysregulation, and the high prevalence of hiatal hernia and obesity

found in asthmatics. Asthma medications may promote GER [3].

Asthmatics can have an increased pressure gradient between the thorax and

the abdominal cavity. At the end of expiration, the pressure gradient between the

stomach and esophagus is 4 to 5 mm Hg [20]. Therefore, a normal LES pressure

of 10 to 35 mm Hg is sufficient to counteract this pressure gradient. However,

with airflow obstruction, especially during asthma exacerbations, a more negative

pleural pressure is produced that may overcome the LES pressure, thus

promoting GER.

Autonomic dysregulation may potentiate GER because transient LES

relaxations are vagally triggered [20,21]. Our laboratory showed that asthmatics

with GER have heightened vagal responsiveness [22]. Heightened vagal tone

can result in a decreased LES pressure and stimulate transient LES relaxations

[20,21].

Another factor is alteration in crural diaphragm function. The crural dia-

phragm contributes to LES pressure generation, especially during inspiration

[20]. Hyperinflation associated with bronchospasm places the crural diaphragm at

a functional disadvantage because of geometric flattening [23].

Hiatal hernias also predispose to GER and are common in asthmatics. Mays

et al [24] noted that 64% of asthmatics, compared with 19% of control subjects,

had hiatal hernia. Sontag et al [11] performed endoscopies in 186 consecutive

asthmatics and reported the presence of hiatal hernia in 58%. Obesity contributes

to GER, and GER is associated with an increased body mass index (BMI) and

asthma symptoms as noted in the European Community Respiratory Health

Survey [16,25].

Finally, medications including theophylline, albuterol, and oral corticosteroids

may predispose to GER development. Theophylline increases gastric acid se-

cretion and lowers LES pressure [26]. Ekstrfm et al [27], in a placebo-controlled

trial, noted that GER symptoms increased 170% and daytime reflux increased

24% with theophylline. However, there are conflicting data about the importance

of theophylline [28]. Crowell et al [29] performed a prospective randomized

double blind, placebo-controlled, crossover trial evaluating the effects of

sequential doses of nebulized albuterol (2.5–10 mg) on esophageal manometry.

Nebulized albuterol produced a dose-dependent reduction in LES pressure from

17 to 8.9 mm Hg. Furthermore, the amplitude of esophageal contractions at

5 cm and 10 cm above the LES was compromised [29]. Our laboratory examined

the effect of oral corticosteroids on esophageal acid contact times in a pro-

spective, placebo-controlled, crossover trial in 20 stable, moderate-persistent

asthmatics. Oral prednisone, 60 mg per day for 7 days, resulted in significant

increases in esophageal acid contact times at the proximal and distal esophageal

pH probes [30]. These factors may contribute to the increased GER prevalence

in asthmatics.
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Potential mechanisms of gastroesophageal reflux–triggered asthma

There are many mechanisms whereby the esophagus and lung can interact and

result in esophageal acid–induced bronchoconstriction. Neurogenic inflamma-

tion plays a role in many of these mechanisms. Mechanisms include a vagally

mediated reflex (whereby acid in the esophagus triggers airway responses), a

direct axonal reflex (whereby the central nervous system [CNS] is not required to

complete a reflex arc), heightened bronchial reactivity, and microaspiration [26].

Esophageal acid also causes increases in minute ventilation without altering

pulmonary function [31].

Vagal reflex

The tracheobronchial tree and the esophagus share common embryonic

foregut origins and autonomic innervation through the vagus nerve. In a dog

model, Mansfield et al [32] noted that esophageal acid causes an increase in

respiratory resistance that was abolished with vagotomy. We reproduced this

finding in a human model noting that esophageal acid reduces PEF rates and

increases specific airway resistance without evidence of microaspiration [33].

Wright et al [34] measured spirometry before and after esophageal acid infusions

and reported that esophageal acid caused decreases in heart rate, FEV1, and

oxygen saturation, which did not occur with atropine pretreatment. These data

show that a vagal mechanism is active.

Local axonal reflex

Fischer et al [35] noted, with morphologic studies, that there is a direct

neuronal connection between the esophagus and the lung via nitric oxide–

containing neurons. In a guinea pig model, when nociceptive afferent nerves are

stimulated in the esophagus without CNS intervention, there is the release of

tachykinins in the lung, including substance P and neurokinin-A, as the result of a

local axonal reflex [36].

Heightened bronchial reactivity

Vincent et al [37] showed a correlation between the amount of methacholine

required to reduce the FEV1 by 20% and the number GER episodes on

esophageal pH testing (R = 0.56, P = 0.05). This relationship was even stronger

in asthmatics with documented GER by esophageal pH tests (R = 0.98,

P = 0.001). Heightened bronchial reactivity with GER was noted during sleep

by Cuttitta et al [38], who monitored esophageal pH and respiratory resistance

in seven asthmatics with GER. Esophageal acid was associated with an increase

in lower respiratory resistance. There was also a correlation between GER

episode duration and increase in lower airway resistance. These studies illustrate

that esophageal acid primes the respiratory system so that when asthmatics
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are exposed to another asthma trigger, such as cat dander, they have a

heightened response.

Microaspiration

Microaspiration causes significant airway responses in animal models and in

humans. In a cat model, Tuchman et al [39] noted that 50 mL of tracheal acid

caused a 5-fold increase in total lung resistance compared with a 1.5-fold increase

with 10 mL of esophageal acid. The vagus nerve also plays a role in the

microaspiration model because vagotomy ablated the tracheal acidification re-

sponse. In humans, Jack et al [40] monitored tracheal and esophageal pH and

reported that GER episodes associated with tracheal and esophageal acidifica-

tion decreased PEF rates by 84 L/min compared with 8 L/min when esophageal

acid alone was present.

Neurogenic inflammation

All of these mechanisms can result in neurogenic inflammation. In a guinea

pig model, Hamamato et al [41] noted that esophageal acid resulted in airway

edema and the release of substance P. This airway edema was inhibited by a

substance P receptor antagonist. Vagal and local axonal reflexes were responsible

for these alterations. An acidic environment in the upper airway may also alter the

inflammatory milieu [42]. Airway protective mechanisms may not be able to

neutralize the acid load to the airway epithelium, thus exposing it to injury [43].

Esophageal contents may damage the airway epithelium, resulting in the release

of cytokines and adhesion molecules, leading to neurogenic inflammation and the

initiation of other inflammatory pathways [44].

Increased minute ventilation

Field et al [31] examined airway responses and respiratory mechanics in

nonasthmatics during esophageal acid infusions. Minute ventilation increased

with esophageal acid and decreased with esophageal acid clearance. Other

respiratory parameters, including pulmonary function, did not change.
Asthma outcomes with anti-reflux therapy

Medical therapy

If GER is a potential asthma trigger, then aggressive GER therapy should

improve asthma outcomes. Multiple studies have evaluated asthma outcomes,

and most show an improvement in asthma symptoms. In reviewing the combined

results of 12 studies examining medical therapy in 326 treated asthmatics with

GER, asthma symptoms improved in 69%, medication use was reduced in 62%,
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and evening PEF rates improved in 26% of patients; however, pulmonary

function did not improve [45]. Most trials used H2 receptor antagonists (H2RAs)

and not proton pump inhibitors (PPIs) [45]. More recently, the Cochrane Air-

ways Group registry examined controlled trials, and 12 trials met their inclusion

criteria. Although they noted no overall improvement in asthma after GER

therapy, subgroups of patients may benefit. They point out the importance of

examining predictors of asthma response [46]. Coughlan et al performed a power

analysis on available data, noting that a study sample size of 506 subjects would

be needed to detect a 20 L/min improvement in PEF [47].

We performed a prospective pretest/post-test evaluation of 30 asthmatics with

GER using a 3-month trial of acid suppressive therapy using omeprazole (20–

60 mg/d). Seventy-three percent of asthmatics with GER had at least a 20%

increase in PEF rate and/or a 20% decrease in asthma symptoms. The asthma

responders had improvement in pulmonary function including FEV1 and PEF

rates. Asthma symptoms required significant time to improve. After 1 month of

acid suppressive therapy there was a 30% reduction in asthma symptoms com-

pared with baseline, and by 3 months there was a 57% reduction. Twelve weeks

of acid suppressive therapy was required for asthma symptom improvement.

Approximately 30% of asthmatics did not have adequate acid suppression,

documented by esophageal pH testing, on 20 mg/d of omeprazole [48].

More recently, eight placebo-controlled trials in adults using PPIs have been

reported (Table 2). There are no reported double blind, placebo-controlled trials

using PPIs in children. All of the studies contained small subject numbers and

had inadequate power to address asthma outcomes as noted by the Cochrane

Airways Group [47]. Five of the eight PPI trials defined asthma by using clinical

and objective data, including airway reactivity (bronchodilatory response or
Table 2

Adult-controlleda PPI trials in asthmatics with gastroesophageal reflux

Author n

Crossover

design Treatment Asthma outcome

Ford et al [50] 10 Yes Omp 20 mg � 4 wk No change

Meier et al [80] 15 Yes Omp 40 mg � 6 wk 29% z FEV1 by 20% if

esophagitis healed

Teichtahl et al [81] 20 Yes Omp 40 mg � 4 wk Mild improvement in pm PEF

Levin et al [82] 9 Yes Omp 20 mg � 8 wk Improved symptoms, PEF,

and QOL

Boeree et al [49] 36 No Omp 40 mg BID � 12 wk Includes COPD, improved

PM symptoms

Kiljander et al [83] 52 Yes Omp 40 mg � 8 wk Improved pm symptoms

Harmanci et al [84] 5 Yes Omp 40 mg � 4 wk Improved pm symptoms

Jiang et al [85] 30 No Omp 20 mg + domperidone

10 mg TID � 6 wk

Improved FEV1, PEF

Abbreviations: COPD, chronic obstructive pulmonary disease; FEV1, forced expiratory volume at 1 s;

Omp, omeprazole; PEF, peak expiratory flow; PPI, proton pump inhibitor; QOL, quality of life.
a No pediatric-controlled PPI trials reported to date.
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methacholine challenge tests). Six of the eight PPI trials were crossover in design,

so that order and carryover effects could have interfered with results. Also, the

duration of PPI therapy may have been too brief to show a treatment response.

Only the Boeree et al [49] trial was of adequate duration (� 12 wk). Most trials

did not document adequate acid suppression on therapy (eg, the Ford et al [50]

trial used omeprazole 20 mg/d). Furthermore, asthma outcome variables were

not consistently measured. Another potential limitation is that GER may not

have been an asthma trigger for the individual subjects in the studies. A better

study design may be a placebo-controlled parallel design with separate groups of

treated and control subjects, using subjects who have GER as an asthma trigger.

Not all asthmatics with GER have GER as a trigger of their asthma because

asthma is heterogeneous concerning triggers and resultant bronchospasm.

A recently published abstract by Littner et al [51] reports asthma outcomes

from the first multicentered, double blind, placebo-controlled trial using high-

dose PPI therapy. Two hundred seven moderate to severe-persistent asthmatics

with GER symptoms participated in this 24-week trial. Subjects were treated with

lansoprazole 30 mg twice daily or placebo. Quality of life variables improved in

the treatment group. Treated asthmatics had fewer asthma exacerbations and did

not require prednisone bursts as often as the control asthmatics. This trial is the

largest trial to date examining this topic.

Another potential way to examine asthma outcomes is to look at difficult-to-

control or therapy-resistant asthmatics. Irwin et al [8] examined contributing

factors in difficult-to-control asthmatics (those requiring 10 mg of prednisone at

least every other day) by using a systematic management protocol. Treatment of

GER and the addition of inhaled corticosteroids were the most helpful

interventions. Heaney et al [52] examined predictors of therapy-resistant asthma

using a systematic evaluation protocol and found that GER was prevalent in this

population (57%). Khoshoo et al [53] examined the role of GER in children 5 to

10.5 years of age with persistent asthma and found that 59% had GER. Children

with GER then had medical or surgical anti-reflux therapy [53]. All children with

abnormal esophageal pH tests had a significant reduction in their asthma

medications over the 1-year study period. Anti-reflux therapy resulted in the

reduction of the use of short- and long-acting bronchodilators and inhaled cortico-

steroids. Another important finding from this study is that at least 6 months

of anti-reflux therapy was required to see an appreciable response in asthma

outcome in these children [53].
Surgical therapy

Surgical trials have also examined asthmatics with GER. Most trials were case

series and had many design flaws, including the lack of a control group, poor

documentation of adequate GER control postoperatively, and poor documenta-

tion of asthma outcomes. Field et al [54] examined asthma outcomes with anti-

reflux surgery and identified 24 trials with 417 asthmatics. Anti-reflux surgery



Table 3

Surgical therapy in asthmatics with gastroesophageal reflux (all case series)

Author n Duration Asthma outcome

Kennedy et al [86] 15 Unknown 100% improved

Overholt et al [87] 28 76 months 82% improved

Urschel et al [88] 27 Unknown 89% improved

Lomasney et al [89] 129 Unknown 75% improved

Sontag et al [90] 13 N 1 y 55% improved

Tardif et al [91] 10 1.75 y 50% improved

Perrin-Fayolle et al [61] 44 N 5 y 84% improved

DeMeester et al [92] 17 N 3 y 82% improved

Johnson et al [93] 14 3 y Group improved

So et al [94] 16 N 1 y 48% improved

Patti et al [95] 39 2.3 y (median) 64% improved

Spivak et al [96] 39 2.7 y (median) Group improved
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improved GER variables in 90%, asthma symptoms in 79%, and asthma

medication use in 80% of subjects. Pulmonary function improvement occurred in

27% of surgically treated asthmatics. Table 3 reviews the surgical outcome trials.
Randomized trials of medical versus surgical therapy

Two groups compared medical versus surgical therapy in GER-related asthma;

however, PPIs were not used. Larrain et al [55] examined the effect of cimetidine

300 mg four times a day versus surgery in nonallergic asthmatics. After 6 months,

there were improvements in pulmonary function, including FEV1 and PEF, in

both treatment groups but not in the placebo group. Medication use improved

in both treatment groups. Asthma was improved in 74% of medically treated

subjects and in 77% of surgically treated subjects, compared with 36% of control

subjects. Sontag et al [56] performed a placebo-controlled randomized study

comparing ranitidine 150 mg, three times a day, with surgery in 73 subjects. In

the surgery group, 75% had improvement in asthma symptoms, compared with

9% of the medically treated group and 4% of the control group at 5-year follow-

up. More recently, Sontag et al [57] examined 62 patients randomized to

ranitidine, surgery, or placebo. At the end of 2 years, mean asthma symptom

scores in the surgically treated group improved 43%, compared with b 10% in the

medically treated and control groups. Some patients had up to 19 years of clinical

follow-up after randomization.
Potential predictors of gastroesophageal reflux–responsive asthma

Despite the numerous design flaws in many of the studies, some studies have

identified potential predictors for asthma response either by the use of selected

patient populations or by evaluation of predictive variables in the responders



Box 1. Potential predictors of asthma response

Asthma characteristics:
! Difficult-to-control asthma [8]
! Nonallergic intrinsic asthma [55]
! Nocturnal asthma [61]
! Obesity (BMI N29.7 kg/m2) [60]
GER characteristics:
! Reflux-associated respiratory symptoms [58]
! Regurgitation more than once weekly [48]
! Proximal acid on pH testing [48,59]
! Distal acid on pH testing [59,60]
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(Box 1). These predictors need to be verified in independent patient populations.

Irwin et al [8] noted that difficult-to-control asthma is a potential predictor,

whereas Ekstrfm et al [58] noted that a history of reflux-associated respiratory

symptoms predicted asthma improvement. Our laboratory noted that the presence

of regurgitation more than once a week or the presence of proximal reflux on pH

esophageal testing predicted asthma response [48]. Schnatz et al [59] noted that

more severe distal reflux predicted asthma response. Kiljander et al [60] noted

that higher esophageal acid contact times and a higher BMI predicted asthma

improvement. Larrain et al [55] noted that their nonallergic intrinsic asthmatics

had asthma improvement with anti-reflux therapy. Perrin-Fayolle et al [61] noted

that nocturnal asthma predicted asthma response. If validated, these predictors

could help the clinician identify which asthmatics are most likely to respond to

anti-reflux therapy.
Diagnosis and therapy of gastroesophageal reflux in asthmatics

Diagnosis

Making the diagnosis of GER in asthmatics is similar to making the diagnosis

in people without asthma. GER symptoms may be intermittent, or continuous and

progressive. Classic esophageal symptoms include heartburn, regurgitation,

retrosternal and epigastric pain, dysphagia, cervical discomfort (globus), and

belching [62]. GER symptoms may be temporally associated with chest tightness,

wheezing or other asthma symptoms, and inhaler use [4,6]. GER may cause

arousals from sleep. It may also be clinically silent in up to 62% of asthmatics

without GER symptoms [9]. Esophageal pH testing is required to identify these

asthmatics [9]. Many diagnostic tests are available for GER (Table 4).



Table 4

Diagnostic tests for gastroesophageal reflux accuracy in adults

Sensitivity (%) Specificity (%)

Empiric PPI trial [63] 70–80 85

Esophageal pH [65] 77–100 85–100

Endoscopy [68] 60 at best 90–95

Barium esophagram [63] 40 Depends

Bernstein test [63] 32–100 40–100
99Technetium-sulfur colloid [63] 14–90 Up to 90

Abbreviation: PPI, proton pump inhibitor.
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An empiric trial of acid suppression using a PPI is a simple and potentially

definitive method for diagnosing and assessing GER as a potential asthma trigger

in selected asthmatics. Response to PPI therapy can also assure a cause-and-effect

relationship between GER and specific symptoms [63]. GER symptoms usually

respond to PPI therapy within 7 to 14 days [63]. A minimum 3-month empiric

trial of PPI should be used to assess asthma symptom improvement [48]. Fass

et al [64] found that a 7-day trial of omeprazole 40 mg in the morning and 20 mg

in the evening had a sensitivity of 78% and a specificity of 86% for diagnosing

GER as the cause of noncardiac chest pain. An empiric trial has advantages, such

as its availability, with preliminary evidence showing that it may be cost effective

as well.

Ambulatory 24-hour esophageal pH testing is the gold standard for diagnosing

GER and has a sensitivity and specificity that approaches 90% [65]. This test

entails placing a pH probe intra-nasally and positioning it 5 cm above the LES

(distal). Often, multi-channel pH probes are used to monitor pH at the distal and

more proximal regions, including the pharynx. An event marker can be activated

when GER or pulmonary symptoms occur. A reflux event is defined as a drop in

pH below 4.0. The total percentage of time that the pH is b 4.0 is the most useful

measurement, with 5.5% being the upper limit of normal. Esophageal pH testing

can be used to assess whether there is adequate control of esophageal acid while

the patient is on anti-reflux therapy. More recently, a wireless pH probe (Bravo

pH Probe; Medtronics, Minneapolis, MN) has become available that overcomes

the disadvantages of catheter-related pH probes [66]. The wireless probe is

endoscopically placed approximately 6 cm above the Z line that separates the

gastric mucosa from the esophageal mucosa. The capsule gathers pH data for

approximately 2 days [66]. Another new experimental technique is multi-channel

intraluminal esophageal impedance that can be combined with pH monitoring

[67]. This device measures the electrical impedance of the esophagus in multiple

sites up and down the catheter system so that the movement of gases, liquids, and

solids can be quantitated. This technique, when combined with esophageal pH, is

useful when assessing for acidic and nonacidic GER [67].

Upper endoscopy is useful for detecting esophageal mucosal injury, including

esophagitis, strictures, webs, Barrett’s esophagitis, and esophageal tumors [68].
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Endoscopy has a poor sensitivity, which limits its usefulness as a diagnostic test

for GER. The same is true for the barium esophagram, which has a sensitivity

of approximately 40% [63]. Other tests, including radio-labeled 99technetium-

sulfur colloid scintiscanning and the Bernstein test, have low sensitivities and

are not useful [63]. In conclusion, an empiric trial of acid suppression using a PPI

and 24-hour esophageal pH testing seem to be the best methods for detecting

GER in asthmatics.

In children, the North American Society for Pediatric Gastroenterology,

Hepatology, and Nutrition developed guidelines concerning esophageal pH

testing [7]. Children should be questioned about typical GER symptoms, and

esophageal pH testing is recommended if persistent asthma is present. As in

adults, most children with GER-triggered asthma do not have esophagitis, so

endoscopy has a low sensitivity [12]. Empiric PPI trials can be considered in

children, although no validation studies have been reported [7].

Therapy

Lifestyle changes are the cornerstone of GER therapy [68]. Lifestyle changes

include weight loss (if the patient is obese), avoiding large meals, and avoiding

meals within 3 hours of bedtime. Patients should avoid acidic foods, including

carbonated drinks. Caffeine, chocolate and peppermint (which decrease LES

pressure), and fatty foods (which delay gastric emptying) should be avoided.

Antacids can be used for acute relief of GER symptoms. Raising the head of the

bed with blocks or a wedge can reduce nocturnal GER. Assess whether

theophylline is required because it can worsen GER.

Medical therapy includes gastric acid secretion inhibitors such as H2RAs and

PPIs. Prokinetic agents improve esophageal motility, increase LES pressure, and

can be combined with other GER medications. First introduced in the 1970s,

H2RAs are safe and well tolerated, and all agents have approximately the same

efficacy. Commonly used agents include cimetidine up to 800 mg twice daily or

400 mg four times daily, ranitidine 150 mg twice daily, nizatidine 150 mg twice

daily, and famotidine 20 mg twice daily. These agents provide complete relief of

heartburn in approximately 60% of patients [68]. PPIs achieve superior gastric

acid suppression and directly inhibit the acid-secreting parietal cells, so PPIs

should be given approximately 30 minutes to 1 hour before meals [68]. PPIs have

an excellent safety profile. Patients have been on long-term omeprazole therapy

for more than 16 years [69]. Currently available PPIs include omeprazole (Prilo-

sec) 20 mg and 40 mg up to twice daily, lansoprazole (Prevacid) 30 mg once or

twice daily, pantoprazole (Protonix) 40 mg once or twice daily, rabeprazole (Aci-

phex) 20 mg daily, and esomeprazole (Nexium) 40 mg up to twice daily. There

are minimal clinically relevant differences among the PPIs [70]. Rabeprazole has

a slightly faster onset on action than other PPIs; omeprazole has the highest

potential for drug interactions with warfarin, diazepam, phenytoin, and theophyl-

line; and pantoprazole has the lowest potential for drug interactions. None of

the PPIs requires dosing adjustments for hepatic or renal insufficiency [70].
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The only prokinetic agent available in the United States is metoclopramide.

The usual dosing of metoclopramide is 10 mg four times daily. Metoclopramide

causes CNS side effects, including drowsiness, irritability, and extrapyramidal

effects, in approximately 20% to 50% of patients.

Anti-reflux surgery options include open and laparoscopic procedures.

Fundoplication results in GER symptom resolution in approximately 80% to

90% of patients. However, surgery rarely replaces the need for anti-reflux

medications [71]. Spechler et al [72] performed a prospective randomized trial of

medical and surgical therapy in 160 patients with complicated GER, having a

median follow-up of 10 years. Sixty-two percent of surgically treated patients

continued to use anti-reflux medications regularly. Surgery also has risks. For

instance, laparoscopic fundoplication is associated with a 12% risk of dysphagia.

Surgery for treatment of GER-triggered asthma should be reserved for asthmatics

who have marked improvement in their asthma with medical anti-reflux therapy.

There are endoscopic methods to treat GER, including endoscopic gastro-

plasty and the Stretta procedure, which delivers radio frequency energy below the

mucosa at the gastroesophageal junction [73]. These endoscopic methods do not

have outcomes data in asthmatics with GER-triggered asthma and should be

considered experimental in this population.

Therapy in children

Therapy in children older than 2 years of age is similar to that of adults [74].

Lifestyle measures should be implemented. Metoclopramide is widely used, but

CNS effects are common, affecting up to 20% of children treated. H2 receptor an-

tagonists, including cimetidine, are FDA approved in doses of 20 to 40 mg/kg/d

divided into four doses. Ranitidine, 4 to 6 mg/kg/d, can be divided into two or

three doses. PPIs are also effective [75]. Although not FDA approved for use in

children, omeprazole is effective; however, it has a wide range of dosing re-

quirements for adequate acid suppression (ranging from 0.7–3.5 mg/kg/d) [76].

Lansoprazole is FDA approved for use in children at a dose of 15 or 30 mg/d,

dependent on the child’s weight [77]. Surgical fundoplication can be performed

in children; however, careful evaluation of esophageal and pulmonary parameters

should be performed before considering surgical therapy.
Potential management strategy of gastroesophageal reflux–triggered asthma

Because anti-reflux therapy has the potential to improve asthma outcome in

selected patients, all asthmatics should be assessed for GER. If GER symptoms

are present, then an empiric trial of acid suppressive therapy should be

considered. A PPI should be used because of its superior effectiveness and

should be given at high doses, twice daily, for at least 3 months. Asthma symp-

toms, PEF rates, and asthma medication use should be monitored before and

during the empiric trial [78]. Also, an empiric trial should be considered in asth-
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matics with moderate or severe persistent asthma, especially in those requiring

oral corticosteroids, even in the absence of GER symptoms. If asthma outcomes

are improved at the end of the 3-month empiric trial, then GER therapy should be

continued. Maintenance GER therapy could begin with tapering the PPI dose to

once daily. Surgery could be considered in selected patients, especially in those

with normal esophageal motility. If asthma outcomes are not improved at the end

of the 3-month empiric trial, then GER is most likely not a trigger of the

individual’s asthma if GER is adequately controlled.

O’Connor et al [79] designed a disease model to examine the cost-

effectiveness of strategies for diagnosing GER-triggered asthma and reported

that an empiric omeprazole trial for 3 months, followed by 24-hour esophageal

pH testing in the nonresponders, was the most cost-effective way to include or

exclude GER as a trigger in individual asthmatics. There are no published trials

examining the cost-effectiveness of medical versus surgical therapy in asthmatics

with GER-triggered asthma.
Summary

GER is a potential asthma trigger. Further research is needed to elucidate the

role of esophageal acid in perpetuating airway inflammation and for validating

potential predictors for asthma response with anti-reflux therapy.
Acknowledgments

I thank Arren Graf for editorial assistance in the preparation of

this manuscript.
References

[1] Locke III GR, Talley NJ, Fett SL, et al. Prevalence and clinical spectrum of gastroesophageal

reflux: a population-based study in Olmsted County, Minnesota. Gastroenterology 1997;112:

1148–56.

[2] Osler WB. The principles and practice of medicine. 8th edition. New York7 D Appleton; 1912.

[3] Harding SM. Gastroesophageal reflux and asthma: insight into the association. J Allergy Clin

Immunol 1999;104:251–9.

[4] Field SK, Underwood M, Brant R, et al. Prevalence of gastroesophageal reflux symptoms in

asthma. Chest 1996;109:316–22.

[5] Perrin-Fayolle M, Bel A, Kofman J, et al. Asthma and gastroesophageal reflux: results of a

survey of over 150 cases. Poumon Coeur 1980;36:225–30.

[6] Harding SM, Guzzo MR, Richter JE. 24-hour esophageal pH testing in asthmatics: respiratory

symptom correlation with esophageal acid events. Chest 1999;115:654–9.

[7] Rudolph CD, Mazur LJ, Liptak GS, et al. North American Society for Pediatric Gastro-

enterology, Hepatology, and Nutrition. Guidelines for evaluation and treatment of gastro-

esophageal reflux in infants and children: recommendations of the North American Society for



gastroesophageal reflux and asthma 145
Pediatric Gastroenterology, Hepatology, and Nutrition. J Pediatr Gastroenterol Nutr 2001;

32(Suppl 2):S1–31.

[8] Irwin RS, Curley FJ, French CL. Difficult-to-control asthma: contributing factors and outcome

of a systematic management protocol. Chest 1993;103:1662–9.

[9] Harding SM, Guzzo MR, Richter JE. The prevalence of gastroesophageal reflux in asthma

patients without reflux symptoms. Am J Respir Crit Care Med 2000;162:34–9.

[10] Thomas EJ, Kumar R, Dasan JB, et al. Gastroesophageal reflux in asthmatic children not

responding to asthma medication: a scintigraphic study in 126 patients with correlation between

scintigraphic and clinical findings of reflux. Clin Imaging 2003;27:333–6.

[11] Sontag SJ, Schnell TG, Miller TQ, et al. Prevalence of oesophagitis in asthmatics. Gut 1992;

33:872–6.

[12] Cinquetti M, Micelli S, Voltolina C, et al. The pattern of gastroesophageal reflux in asthmatic

children. J Asthma 2002;39:135–42.

[13] Sontag SJ, O’Connell S, Khandelwal S, et al. Most asthmatics have gastroesophageal reflux

with or without bronchodilator therapy. Gastroenterology 1991;101:876–7.

[14] Tucci F, Resti M, Fontana R, et al. Gastroesophageal reflux and bronchial asthma: prevalence

and effect of cisapride therapy. J Pediatr Gastroenterol Nutr 1994;17:265–70.

[15] el-Serag HB, Sonnenberg A. Comorbid occurrence of laryngeal or pulmonary disease with

esophagitis in United States military veterans. Gastroenterology 1997;11:755–60.

[16] Gislason T, Janson C, Vermeire P, et al. Respiratory symptoms and nocturnal gastroesophageal

reflux: a population-based study of young adults in three European countries. Chest 2002;121:

158–63.

[17] Diette GB, Krishnan JA, Dominici F, et al. Asthma in older patients. Arch Intern Med 2002;

162:1123–32.

[18] Shireman TI, Heaton PC, Gay WE, et al. Relationship between asthma drug therapy patterns

and healthcare utilization. Ann Pharmacother 2002;36:557–64.

[19] el-Serag HB, Gilger M, Kuebeler M, et al. Extraesophageal associations of gastroesophageal

reflux disease in children without neurologic defects. Gastroenterology 2001;121:1294–9.

[20] Mittal RK, Balaban DH. The esophagogastric junction. N Engl J Med 1997;336:924–32.

[21] Mittal RK, Holloway R, Dent J. Effect of atropine on the frequency of reflux and transient

lower esophageal sphincter relaxation in normal subjects. Gastroenterology 1995;109:1547–54.

[22] Lodi U, Harding SM, Coghlan HC, et al. Autonomic regulation in asthmatics with gastro-

esophageal reflux. Chest 1997;111:65–70.

[23] Roussos C, Macklem PT. The respiratory muscles. N Engl J Med 1982;307:786–97.

[24] Mays EE. Intrinsic asthma in adults: association with gastroesophageal reflux. JAMA 1976;

236:2626–8.

[25] Locke GR, Talley NJ, Fett SL, et al. Risk factors associated with symptoms of gastroesophageal

reflux. Am J Med 1999;106:642–9.

[26] Harding SM. GERD, airway disease, and the mechanisms of interaction. In: Stein MR, editor.

Lung biology in health and disease, vol. 129: gastroesophageal disease and airway disease. New

York7 Marcel Dekker; 1999. p. 139–78.

[27] Ekstrfm T, Tibbling L. Influence of theophylline on gastro-oesophageal reflux and asthma. Eur J

Clin Pharmacol 1988;35:353–6.

[28] Hubert D, Gaudric M, Guerre J, et al. Effect of theophylline on gastroesophageal reflux in

patients with asthma. J Allergy Clin Immunol 1988;81:1168–74.

[29] Crowell MD, Zayat EN, Lacy BE, et al. The effects of an inhaled beta(2)-adrenergic agonist on

lower esophageal function: a dose-response study. Chest 2001;120:1184–7.

[30] Lazenby JP, Guzzo MR, Harding SM, et al. Oral corticosteroids increase esophageal acid contact

times in patients with stable asthma. Chest 2002;121:625–34.

[31] Field SK, Evans JA, Price LM. The effects of acid perfusion of the esophagus on ventilation and

respiratory sensation. Am J Respir Crit Care Med 1998;157:1059–62.

[32] Mansfield LE, Hameister HH, Spaulding HS, et al. The role of the vagus nerve in airway

narrowing caused by intraesophageal hydrochloric acid provocation and esophageal distention.

Ann Allergy 1981;47:431–4.



harding146
[33] Harding SM, Schan CA, Guzzo MR, et al. Gastroesophageal reflux-induced bronchoconstriction:

is microaspiration a factor? Chest 1995;108:1220–7.

[34] Wright RA, Miller SA, Corsello BF. Acid-induced esophagobronchial-cardiac reflexes in

humans. Gastroenterology 1990;99:71–3.

[35] Fischer A, Canning BJ, Undem BJ, et al. Evidence for an esophageal origin of VIP-IR and

NO synthase-IR nerves innervating the guinea pig trachealis: a retrograde neuronal tracing and

immunohistochemical analysis. Comp Neurology 1998;394:326–34.

[36] Canning BJ. Inflammation in asthma: the roles of nerves and the potential influence of gastro-

esophageal reflux disease. In: Stein MR, editor. Lung biology in health and disease, vol. 129:

gastroesophageal disease and airway disease. New York7 Marcel Dekker; 1999. p. 19–54.

[37] Vincent D, Cohen-Jonathan AM, Leport J, et al. Gastro-oesophageal reflux prevalence and

relationship with bronchial reactivity in asthma. Eur Respir J 1997;10:2255–9.

[38] Cuttitta G, Cibella F, Visconti A, et al. Spontaneous gastroesophageal reflux and airway patency

during the night in adult asthmatics. Am J Respir Crit Care Med 2000;161:177–81.

[39] Tuchman DN, Boyle JT, Pack AI, et al. Comparison of airway responses following tracheal

or esophageal acidification in the cat. Gastroenterology 1984;87:872–81.

[40] Jack CIA, Calverley PMA, Donnelly RJ, et al. Simultaneous tracheal and oesophageal pH

measurements in asthmatic patients with gastro-oesophageal reflux. Thorax 1995;50:201–4.

[41] Hamamato J, Kohrogi H, Kawano O, et al. Esophageal stimulation by hydrochloric acid causes

neurogenic inflammation in the airways of guinea pigs. J Appl Physiol 1997;82:738–45.

[42] Hunt JF, Erwin E, Palmer L, et al. Expression and activity of pH-regulatory glutaminase in the

human airway epithelium. Am J Respir Crit Care Med 2002;165:101–7.

[43] Ricciardolo FLM, Gaston B, Hunt J. Acid stress in the pathology of asthma. J Allergy Clin

Immunol 2004;113:610–9.

[44] Stein MR. Advances in the approach to gastroesophageal reflux (GER) and asthma. J Asthma

1999;36:309–14.

[45] Field SK, Sutherland LR. Does medical anti-reflux therapy improve asthma in asthmatics

with gastroesophageal reflux? A critical review of the literature. Chest 1998;114:274–83.

[46] Gibson PG, Henry HL, Coughlan JL. Gastro-oesophageal reflux treatment for asthma in adults

and children. Syst Rev 2003;(2):CDOO1496.

[47] Coughlan JL, Gibson PG, Henry RC. Medical treatment for reflux oesophagitis does not

consistently improve asthma control: a systematic review. Thorax 2001;56:198–204.

[48] Harding SM, Richter JE, Guzzo MR, et al. Asthma and gastroesophageal reflux: acid sup-

pressive therapy improves asthma outcome. Am J Med 1996;100:395–405.

[49] Boeree MJ, Peters FTM, Postma DS, et al. No effects of high-dose omeprazole in patients with

severe airway hyperresponsiveness and (a)symptomatic gastro-oesophageal reflux. Eur Respir J

1998;11:1070–4.

[50] Ford GA, Oliver PS, Prior JS, et al. Omeprazole in the treatment of asthmatics with nocturnal

symptoms and gastro-oesophageal reflux: a placebo-controlled cross-over study. Postgrad Med J

1994;70:350–5.

[51] Littner MR, Ballard III D, Huang B, et al. Twenty-four weeks of lansoprazole reduces asthma

exacerbation and improves asthma quality of life in subjects with symptoms of acid reflux

[abstract]. Eur Respir J 2002;20(Suppl 38):428.

[52] Heaney LG, Conway E, Kelly C, et al. Predictors of therapy resistant asthma: outcomes of a

systematic evaluation protocol. Thorax 2003;58:561–6.

[53] Khoshoo V, Le T, Haydel Jr RM, et al. Role of gastroesophageal reflux in older children with

persistent asthma. Chest 2003;123:1008–13.

[54] Field SK, Gelfand GAJ, McFadden SD. The effects of anti-reflux surgery on asthmatics with

gastroesophageal reflux. Chest 1999;116:766–74.

[55] Larrain A, Carrasco E, Galleguillos F, et al. Medical and surgical treatment of nonallergic asthma

associated with gastroesophageal reflux. Chest 1991;99:1330–5.

[56] Sontag S, O’Connell S, Khandelwal S. Anti-reflux surgery in asthmatics with reflux (GER)

improves pulmonary symptoms and function. Gastroenterology 1990;98:A128.



gastroesophageal reflux and asthma 147
[57] Sontag SJ, O’Connell S, Khandelwal S, et al. Asthmatics with gastroesophageal reflux: long term

results of a randomized trial of medical and surgical anti-reflux therapies. Am J Gastroenterol

2003;98:987–99.

[58] Ekstrfm T, Lindgren BR, Tibbling L. Effects on ranitidine treatment on patients with asthma

and a history of gastroesophageal reflux: a double blind crossover study. Thorax 1989;44:

19–23.

[59] Schnatz PF, Castell JA, Castell DO. Pulmonary symptoms associated with gastroesophageal

reflux: use of ambulatory pH monitoring to diagnose and to direct therapy. Am J Gastroenterol

1996;91:1715–8.

[60] Kiljander TO, Salomaa ER, Hietanen EK. Asthma and gastro-oesophageal reflux: can the

response to anti-reflux therapy by predicted? Respir Med 2001;95:387–92.

[61] Perrin-Fayolle M, Gormand F, Braillon G, et al. Long-term results of surgical treatment for

gastroesophageal reflux in asthmatic patients. Chest 1989;96:40–5.

[62] Cioffi U, Rosso L, De Simone M. Gastroesophageal reflux disease. Minerva Gastroenterol Dietol

1999;45:43–9.

[63] Richter JE. Diagnostic tests for gastroesophageal reflux disease. Am J Med Sci 2003;326:300–8.

[64] Fass R, Ofman JJ, Gralnek IM, et al. Clinical and economic assessment of the omeprazole test

in patients with symptoms suggestive of gastroesophageal reflux disease. Arch Intern Med

1999;159:2161–8.

[65] Kahrilas PJ, Quigley EM. Clinical esophageal pH recording: a technical review for practice

guideline development. Gastroenterology 1996;110:1982–96.

[66] Pandolfino JE, Richter JE, Ours T, et al. Ambulatory esophageal pH monitoring using a wire-

less system. Am J Gastroenterol 2003;98:740–9.

[67] Shay S, Tutuian R, Sifrim D, et al. Twenty-four hour ambulatory simultaneous impedance and

pH monitoring: a multicenter report of normal values from 60 healthy volunteers. Am J

Gastroenterol 2004;99:1037–43.

[68] DeVault KR, Castell DO. Updated guideline for the diagnosis and treatment of gastroesophageal

reflux disease. The Practice Parameters Committee of the American College of Gastroenterology.

Am J Gastroenterol 1999;94:1434–42.

[69] Klinkenberg-Knol EC, Nelis F, Dent J, et al. Long-term omeprazole treatment in resistant gas-

troesophageal reflux disease: efficacy, safety, and influence on gastric mucosa. Gastroentero-

logy 2000;118:795–8.

[70] Wolfe MM, Welage LS, Sachs G. Proton pump inhibitors and gastric acid secretion. Am J

Gastroenterol 2001;96:3467–8.

[71] Kahrilas PJ. Management of GERD: medical versus surgical. Semin Gastrointest Dis 2001;12:

3–15.

[72] Spechler SJ, Lee E, Ahnen D, et al. Long-term outcome of medical and surgical therapies for

gastroesophageal reflux disease: follow-up of a randomized control trial. JAMA 2001;285:

2331–8.

[73] Triadafilopoulos G. Changes in GERD symptoms scores correlate with improvement in

esophageal acid exposure after the Stretta procedure. Surg Endosc 2004;18:1038–44.

[74] Cezard JP. Managing gastro-oesophageal reflux disease in children. Digestion 2004;69(Suppl 1):

3–8.

[75] Marchetti F, Gerarduzzi T, Ventura A. Proton pump inhibitors in children: a review. Dig Liver

Dis 2003;35:738–46.

[76] Hassall E, Israel D, Shepherd R, et al. Omeprazole for treatment of chronic erosive esophagitis in

children: a multicenter study of efficacy, safety, tolerability and dose requirements. International

Pediatric Omeprazole Study Group. J Pediatr 2000;137:800–7.

[77] Scott LJ. Lansoprazole: in the management of gastroesophageal reflux disease in children.

Paediatr Drugs 2003;5:56–62.

[78] Harding SM, Sontag SJ. Asthma and gastroesophageal reflux. Am J Gastroenterol 2000;

95(Suppl):S23–32.

[79] O’Connor JFB, Singer ME, Richter JE. The cost-effectiveness of strategies to assess gastro-

esophageal reflux as an exacerbating factor in asthma. Am J Gastroenterol 1999;94:1472–80.



harding148
[80] Meier JH, McNally PR, Punja M, et al. Does omeprazole (Prilosec) improve respiratory func-

tion in asthmatics with gastroesophageal reflux? A double-blind, placebo-controlled crossover

study. Dig Dis Sci 1994;39:2127–33.

[81] Teichtahl H, Kronborg IJ, Yeomans ND, et al. Adult asthma and gastroesophageal reflux:

the effects of omeprazole therapy on asthma. Aust N Z J Med 1996;26:671–6.

[82] Levin TR, Sperling RM, McQuaid KR. Omeprazole improves peak expiratory flow rate and

quality of life in asthmatics with gastroesophageal reflux. Am J Gastroenterol 1998;93:1060–3.

[83] Kiljander TO, Salomaa ER, Hietanen EK, et al. Gastroesophageal reflux in asthmatics: a double-

blind, placebo-controlled crossover study with omeprazole. Chest 1999;116:1257–64.

[84] Harmanci E, Entok E, Metintas M, et al. Gastroesophageal reflux in the patients with asthma.

Allergol Immunopathol (Madr) 2001;29:123–8.

[85] Jiang SP, Liang RY, Zeng ZY, et al. Effects of anti-reflux treatment on bronchial hyper-

responsiveness and lung function in asthmatic patients with gastroesophageal reflux disease.

World J Gastroenterol 2003;9:1123–5.

[86] Kennedy JH. ‘‘Silent’’ gastroesophageal reflux. Dis Chest 1962;42:42–5.

[87] Overholt RH, Ashraf MM. Esophageal reflux as a trigger in asthma. N Y State J Med 1966;

66:3030–2.

[88] Urschel HC, Paulson DL. Gastroesophageal reflux and hiatal hernia; complications and therapy.

J Thorac Cardiovasc Surg 1967;53:21–32.

[89] Lomasney TL. Hiatus hernia and the respiratory tract. Ann Thorac Surg 1977;24:448–50.

[90] Sontag S, O’Connell S, Greenlee H, et al. Is gastroesophageal reflux a factor in some asthmatics?

Am J Gastroenterol 1984;82:119–26.

[91] Tardif C, Nouvet G, Denis P, et al. Surgical treatment of gastroesophageal reflux in 10 patients

with severe asthma. Respiration 1989;56:110–5.

[92] DeMeester TR, Bonavina L, Iascone C, et al. Chronic respiratory symptoms and occult gastro-

esophageal reflux: a prospective clinical study and results of surgical therapy. Ann Surg 1900;

211:337–45.

[93] Johnson WE, Hagen JA, DeMeester TR, et al. Outcome of respiratory symptoms after anti-reflux

surgery on patients with gastroesophageal reflux disease. Arch Surg 1996;131:489–92.

[94] So JBY, Zeitel SM, Rattner DW. Outcome of atypical symptoms attributed to gastroesophageal

reflux treated by laparoscopic fundoplication. Surgery 1998;124:28–32.

[95] Patti MG, Arcerito M, Tamburini A, et al. Effect of laparoscopic fundoplication on gastro-

esophageal reflux disease-induced respiratory symptoms. J Gastrointest Surg 2000;4:143–9.

[96] Spivak H, Smith CD, Phichith A, et al. Asthma and gastroesophageal reflux: fundoplication

decreases need for systemic corticosteroids. Gastrointest Surg 1999;3:477–82.


	Gastroesophageal reflux: a potential asthma trigger
	Gastroesophageal reflux prevalence and epidemiologic considerations in asthmatics
	Predisposing factors to gastroesophageal reflux development in asthmatics
	Potential mechanisms of gastroesophageal reflux-triggered asthma
	Vagal reflex
	Local axonal reflex
	Heightened bronchial reactivity
	Microaspiration
	Neurogenic inflammation
	Increased minute ventilation

	Asthma outcomes with anti-reflux therapy
	Medical therapy
	Surgical therapy
	Randomized trials of medical versus surgical therapy

	Potential predictors of gastroesophageal reflux-responsive asthma
	Diagnosis and therapy of gastroesophageal reflux in asthmatics
	Diagnosis
	Therapy
	Therapy in children

	Potential management strategy of gastroesophageal reflux-triggered asthma
	Summary
	Acknowledgments
	References


