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Pediatric respiratory diseases have been linked to gastro-
esophageal reflux disease (GERD) for some time, but

evidence regarding the association and its potential mecha-
nisms continues to accumulate, and important aspects re-
main to be determined. The present review of this
association explores the evidence for the association in two
common pediatric respiratory disorders – infantile apnea and
asthma in older children. The evidence for the associations
is explored, and the difficult clinical issues associated with
the diagnosis and treatment of these two disorders are identi-
fied. The provocative embryological and physiological con-
nections between the upper gastrointestinal tract and the

respiratory tract, and recent understanding of the compensa-
tory anatomy and physiology that protect the normal indi-
vidual from respiratory manifestations of GERD are
explored. Dysfunctions of these protections likely underlie
the pathophysiology of these disorders.

EVIDENCE FOR THE ASSOCIATION BETWEEN
GERD AND RESPIRATORY DISEASES

The evidence linking respiratory diseases with GERD has
been accumulating for about three decades. In increasing or-
der of rigour, this evidence may be characterized as epidemi-
ological, temporal, therapeutic and experimental. Epidemio-
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MINI-REVIEW

SR Orenstein. Update on gastroesophageal reflux and respira-
tory disease in children. Can J Gastroenterol 2000;14(2):131-
135. Pediatric respiratory diseases have been linked to gastroeso-
phageal reflux disease (GERD), but evidence regarding the asso-
ciation and its potential mechanisms continues to accumulate,
and important aspects remain to be determined. Evidence for the
association in two common pediatric respiratory disorders – infan-
tile apnea and asthma in older children – and difficult clinical is-
sues associated with the diagnosis and treatment of these two
disorders are reviewed. The provocative embryological and
physiological connections between the upper gastrointestinal
tract and the respiratory tract, and recent understanding of the
compensatory anatomy and physiology that protect the normal in-
dividual from respiratory manifestations of GERD are also ex-
plored. Dysfunctions of these protections likely underlie the
pathophysiology of these disorders.
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Le point sur le reflux gastro-œsophagien et la
maladie respiratoire chez l’enfant

RÉSUMÉ : Les maladies respiratoires infantiles ont été associées au
reflux gastro-œsophagien (RGO), mais les preuves de ce lien et de ses
mécanismes potentiels continuent de s’accumuler et d’importants
aspects restent à élucider. On passe ici en revue les preuves de ce lien
dans deux maladies respiratoires infantiles répandues, soit l’apnée et
l’asthme infantiles, et les enjeux cliniques que posent le diagnostic et
le traitement de ces deux maladies. On aborde en outre les connexions
embryologiques et physiologique controversées entre le tractus
digestif supérieur et les voies respiratoires et les récentes observations
relatives à l’anatomie et à la physiologie compensatoires mises en
place pour protéger l’individu normal des manifestations respiratoires
du RGO. Une dysfonction de ces mécanismes protecteurs sous-tend
probablement la physiopathologie des ces maladies.
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logical studies have usually provided the first evidence
linking the disorders, by showing that children with a par-
ticular type of respiratory disease have an increased inci-
dence of GERD. This type of association indicates no causal-
ity, however. The second type of study shows a temporal
relationship between spontaneous episodes of acid reflux
and an intermittent respiratory symptom, usually by using an
esophageal pH probe to detect acid reflux episodes; these
studies are limited in the type of respiratory symptom or dis-
ease they can evaluate and are unable to detect effects of
neutral pH refluxate, such as those that occur 1 to 2 h after
feeding milk formula to an infant. However, they do indicate
a closer association than that indicated by the epidemiologi-
cal studies. The third type of study treats the GERD and
watches for improvement in the respiratory disease. This
type of study provides a clearer indication of causality and di-
rection of causality than does the epidemiological or tempo-
ral association study. However, many of these studies ini-
tially suffered from the limitations on therapeutic modalities
available for GERD and, therefore, provided negative re-
sults. In addition, the natural tendency of GERD and apnea,
for example, to resolve during infancy makes beneficial ef-
fects attributable to the therapy itself somewhat ambiguous.
The final type of study, experimental induction of respira-
tory symptoms by provoking or mimicking reflux, is the most
rigorous and the most difficult to do, particularly in young
children, both for practical and for ethical reasons. These
studies have provided the clearest indication that reflux
causes a particular symptom.
Apnea: Nearly 30 years ago, the widening availability of pH
probe technology made it possible to identify infants with in-
creased reflux, even when it was not overtly regurgitated.
This technology permitted investigators to recognize that
many babies with cyanotic apneic episodes had an increased
amount of acid reflux (1-4). The most extensive such study
evaluated about 1400 infants with apnea and found exces-
sive reflux in about half of them (5).

Studies showing a temporal relationship between reflux
documented by pH probe (or by observed regurgitation) and
apnea or hypoxemia documented by polysomnography bol-
stered the epidemiological data (2,6,7), but a number of
negative studies called the association into question (8-11).
Examination of these studies shows their limitations – no ap-
neas detected during pH probe study (some because tech-
niques were not used to identify obstructive apnea occurring
during continuing chest wall movement) and no reflux de-
tected because of frequent milk feedings. Apnea is a response
of infants to a number of stimuli, and the negative studies
cannot prove that reflux is not one possible stimulus.

Several therapeutic studies reported resolution of recur-
rent apnea following fundoplication (14 babies), pharmaco-
therapy for reflux (13 babies) and even conservative
measures (10 babies) (12-14). The natural history of infan-
tile apnea to resolve in most cases warrants caution in inter-
preting these studies. Further support for fundoplication’s
efficacy (with a GERD pharmacotherapy ‘control group’)
was subsequent death from apnea occurring in none of 88

fundoplicated infants at high risk for apnea but in three of 44
medically treated ones (15).

Experimental studies indicated that intraluminal eso-
phageal acidification could induce apnea in some susceptible
infants (14,16,17).

The characteristics of apnea that are more likely to be due
to GERD, improving clinical selection of the infants most
likely to improve with antireflux therapy, are apnea occur-
ring while the infant is awake, supine or seated, and apnea
occurring within approximately 1 h after feeding (2). The
apnea is usually obstructive, identifiable by apparently inef-
fectual respiratory efforts. Thus, the baby becomes stiff and
turns red and struggles initially with the respiratory efforts.
Milk may be visible at the mouth or nose.

Difficult issues in reflux-associated infantile apnea are de-
termining which babies need formal investigation, which
would benefit from home monitoring, which (if any) should
have fundoplication and when safely to discontinue antire-
flux therapy and home monitoring. Many babies presenting
with a very characteristic history respond to conservative
measures. Although pharmacotherapy is often used, the ad-
ditional benefit conferred is unknown. Supine or seated posi-
tioning is such a profound provocation for this type of event
that proscribing it probably confers the most therapeutic
benefit short of fundoplication. Thickening of feedings (to a
caloric density of 30 calories/ounce) allows smaller volume
feedings to be given and minimizes regurgitation, so is likely
to provide additional benefit. Pharmacotherapy usually in-
corporates both a prokinetic agent and acid suppression with
an H2 blocker, although the latter may not be very relevant
for postprandial apnea, which occurs when the infant’s gas-
tric contents are usually neutral.
Asthma: Studies in pediatric asthma paralleled those in ap-
nea, gradually providing increasing evidence for a role of
GERD in provoking or exacerbating asthma. Many epidemi-
ological studies have shown a prevalence of GERD in
asthma to be as much as 50% or more (18). More reflux dis-
ease was detected in children with nocturnal exacerbations
of asthma and with worse asthma (19,20).

Temporal association of reflux with asthma symptoms or
with measured bronchospasm was found in 45 children in
two studies (19,21).

Treatment of reflux with ranitidine (22), cisapride (18)
or other pharmacotherapy improved asthma in a number of
children; the improvement was more likely to occur if the
child had reflux symptoms as well as asthma. Negative stud-
ies are explained by their focus on subsets of children whose
asthma is not provoked by reflux or by their use of inade-
quate therapy (23). (The necessity of aggressive antireflux
therapy, often requiring a proton pump inhibitor and months
of therapy, has been shown by a number of adult studies.)

As with infantile obstructive apnea, intraluminal eso-
phageal acidification has been shown to provoke bronchial
constriction and increased airway resistance in children, as
in adults, by a vagal pathway blocked by atropine (18,23-28).

Children with asthma who are most likely responsive to
antireflux therapy are those with reflux symptoms (heart-
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burn, regurgitation), reflux symptoms preceeding exacerba-
tions of bronchospasm, nocturnal asthma and nonallergic
asthma. (It must be remembered that chronic cough, lasting
more than three weeks, is a very common presentation of
asthma in children and is often associated with GERD as
well.) Studies using pH probe evaluation have suggested that
individuals with reflux episodes preceeding wheezing or
cough, or with proximal esophageal acidification for more
than 1.1% of the study, are most likely to respond to antire-
flux therapy. Any child with asthma that is difficult to man-
age or requires steroids should have reflux considered as a
potential cause.

The characteristics of therapy that are important for chil-
dren who have reflux-exacerbated asthma are maintaining
optimal antiasthma therapy, using reflux therapy that is both
powerful (generally including a proton pump inhibitor, but
keeping in mind that most proton pump inhibitors allow
nocturnal breakthrough of acid suppression) and prolonged
(generally two months or longer), and focusing on nocturnal
reflux.

GASTROINTESTINAL-RESPIRATORY
CONNECTIONS

The 28-day human embryo, 5 mm in length, has a laryngo-
tracheal groove that develops into a lung bud off of the gas-
trointestinal tract. This design problem, causing the
pathways for air and food to intersect in the pharynx for the
rest of a normal human’s life, is at the root of the interactions
between reflux and respiratory disease. Not only does the lu-
minal anatomy intersect, but also neural connections and re-
flexes inextricably join the gastrointestinal tract to the
respiratory tract.

The protective adaptations that prevent massive aspira-
tion in most people are being clarified. Several have been
well identified for decades, but others are just now being
characterized.

During swallowing, the soft palate blocks the nasopha-
rynx, and the larynx and epiglottis close off the lower respi-
ratory tract, allowing food to enter the upper esophageal
sphincter (UES), which has been opened for the purpose by
the act of swallowing, and allowed to close and resume its
resting tone shortly thereafter. The lower esophageal sphinc-
ter (LES) relaxes at about the same time but remains relaxed
much longer, so that the peristaltic wave, travelling only at
about 3 cm/s (or more than 10 s to traverse a normal ado-
lescent esophagus) does not encounter an already closed
LES.

With the ingested food in the stomach, the UES and LES
remain closed, providing a dual barrier for egress retrograde.
The pair of sphincters are physiologically opened to allow
vomiting of toxic material or belching to relieve potentially
harmful intragastric pressure. Increases in gastric pressure
that are simply transmitted from increases in intra-
abdominal pressure, due to straining, for example, do not re-
quire the same protective venting as do isolated increases in
gastric pressure. Therefore, the crural diaphragm’s bolstering
of the LES (which, as with the LES itself, remains in force

unless relaxed during gastric venting) increases during
straining.

Reflux episodes, universal in normal children and adults,
are likely the result of the sensitivity of pressure-relieving
mechanisms; for the most part they involve relaxation of the
LES but not the UES in mature humans. They produce no
harm if the refluxate is rapidly cleared from the esophagus by
primary or secondary peristalsis. Some reflux episodes, de-
creasingly common as infants grow to adulthood, allow re-
fluxate into the esophagus with characteristics that prompt
the UES to relax as well, and usually result in regurgitation.
The characteristics that prompt regurgitation through the
UES are undergoing evaluation but must include the rela-
tively huge meal volume required for the infant to triple its
weight in 12 months. Regurgitant reflux is also more likely
than nonregurgitant reflux when LES relaxation is accompa-
nied by abdominal wall muscular contraction (29). Regurgi-
tant reflux occurs daily in the majority of normal infants but
rarely in normal adults.

Refluxate that traverses the UES threatens the airway.
Material that is refluxed into the pharynx, but not actively
enough to exit the mouth, is returned to the esophagus and
stomach by the pharyngeal swallow reflex, similar to an ordi-
nary swallow (primary peristalsis) but without lingual par-
ticipation. Several other newly identified reflexes serve to
protect the airway from gastroesophagopharyngeal refluxate.
The esophago-UES contractile reflex increases the UES
pressure when pressure rises in the esophagus (personal com-
munication, R Shaker). The pharyngo-UES contractile re-
flex increases the UES pressure when small volumes of water
are perfused into the pharynx (30). Both of these can be con-
ceived as mechanisms to limit egress of refluxate from the
esophagus.

The esophagoglottal closure reflex, also prompted by in-
creased esophageal pressure, provides anticipatory glottic
closure in a setting when UES pressure may not hold, so that
the glottis is closed if refluxate escapes the esophagus (31).

Finally, two reflex mechanisms close the glottis when it is
threatened by material in the pharynx. The first is provoked
by stimulation of epiglottal ‘taste buds’, with many of the
characteristics of lingual taste buds, except that they are on
the laryngeal, rather than the lingual, surface of the epiglot-
tis (thus poorly situated for the normal sampling of nutri-
ents) and that they respond to water (and hydrochloric acid)
more strongly than to saline (32). Their characteristics make
them ideal for identifying material that should be kept out of
the airway. The second type of receptor to protect the glottis
consists of mechanoreceptors on the aryepiglottic folds. The
glottic closure is stimulated by faint puffs of air applied to this
area of entry to the airway. The threshold for this response is
4 mmHg pressure applied at a distance of 2 mm from the fold,
and normal individuals respond reliably below 6 mmHg pres-
sure (33-40). The important protective role of this reflex is
indicated by a report (in two adults) of dysphagia due to a
brain stem stroke, which was ameliorated by microneuror-
rhaphy restoring the reflex (41).

It is tempting to postulate that infantile apnea, for exam-
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ple, is promoted by immaturities or developmental abnor-
malities in these normal reflexes (42). Abnormally sensitive
or abnormally prolonged glottal closure reflexes may pro-
voke prolonged apnea as a response to refluxate in the phar-
ynx. Immaturities of the pharyngeal swallow may inhibit the
proper movement of refluxed pharyngeal material back into
the esophagus.

Lower respiratory obstruction, as occurs in asthma, may
result from even more complex interactions with reflux. Not
only might deficits in the laryngeal closure mechanisms enu-
merated above allow aspiration of refluxed gastric contents
into the airway, to produce local effects, but also reflexive
connections between the esophagus and airway almost cer-
tainly play a role in some instances of bronchospasm, with-
out the need to postulate glottic defects and actual

aspiration. Airway obstruction subsequent to reflux may be
caused by aspirated material, secreted mucus (in response to
inflammation induced by aspiration or even reflexly stimu-
lated as a response to reflux alone), mucosal edema (also in-
duced by chemical mediators of inflammation or by neural
pathways) and muscular spasm (bronchospasm mediated lo-
cally or reflexly) (43). Because respiratory disease may also
provoke reflux in numerous ways, it is important to maintain
optimal therapy aimed at the respiratory symptoms them-
selves, as well as at reflux.

Understanding the complexity of the interactions be-
tween the upper gastrointestinal tract and the airway may al-
low children with some of the greatest morbidity from
respiratory disease to be more optimally managed with treat-
ment directed at reflux as well as at the airway disease itself.
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