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There has been an accumulating body of research concerning the extraesophageal complications of gastroesophageal reflux disease over the past decade. Given the
cardiological, pulmonological, laryngeal, and dental aspects of such complications, an interdisciplinary approach is required. The most recognized manifestations
are noncardiac chest pain, bronchial asthma, chronic
bronchitis, chronic cough,'and posterior laryngitis, as
well as the acidic damage of dental enamel. This article
focuses on the potential relationship between reflux disease and obstructive sleep apnea, which has been raised
only more recently. Because of the decrease of primary
peristalsis and the reduced production of saliva, as
well as the diminished acid and volume clearance of the
esophagus, sleeping can be considered as a risk factor of
the reflux event by itself. Moreover, it should also be
taken into account that the transdiphragmatic pressure
increases in parallel with the growing intrathoracic
pressure generated during obstructive apnea episodes.
This has a non-negligible effect on the phrenoesophageal
ligament, which is connected to the lower esophageal
sphincter. Repetition of the pressure changes results in
insufflciency of the cardia. While this pressure change
produces a considerable suction effect, further reducing
the clearing mechanism of the gastric volume, lower
esophageal sphincter insufflciency can directly lead to
reflux disease. The challenge for gastroenterologists is to
gain further insight into this relationship and to play a
more active role in the complex therapy of the disease, as
well as to develop a new diagnostic approach towards the
severe forms of gastroesophageal reflux disease.
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Introduction

It is well known that gastroesophageal reflux disease
(GERD), besides its classical symptoms, is associated
with extraesophageal symptoms and complications as
well (Table 1).'"* The most common ones are respiratory symptoms, noncardiac chest pain, and posterior
laryngitis. Recurrent otitis media and dental erosion are
relatively less common. Apart from the various respiratory disorders, such as chronic cough, bronchial asthma,
and chronic bronchitis, the question has been raised
that there could be a connection between obstructive
sleep apnea (OSA) and GERD as well.
In everyday clinical practice, GERD is often diagnosed on the basis of serious respiratory disorders in the
absence of typical upper-gastrointestinal complaints.
It is also a common experience that the patients complain of waking up during the night less or more frequently with an unfamiliar sensation of panic, a choking
flt, or an acidic burning sensation. The development
of reflux disease can often be identified underlying
these events. But there can be a reverse situations as
well: in the background of severe—therapeutically
refractory—GERD, we have to consider the presence
of OSA.
Gastroesophageal reflux disease

GERD is a complex motility disorder which is usually
accompanied by typical symptoms (retrosternal burning
sensation or/and pain, regurgitation of the gastric contents, sour taste in the mouth, etc.) and—in a number
of cases—by further complications such as erosive
esophagitis of more severe damage of the esophagus
(stricture, Barrett metaplasia, adenocarcinoma). The
nonerosive form of the disease (nonerosive reflux disease; NERD) represents about 60% of the cases, while
the erosive form (erosive reflux disease; ERD) and
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Table 1. Summary of extra-esophageal complications of GERD according to speciality
Speciality

Symptom/Complication

Gardiology

Noncardiac chest pain (NGGP)
"Linked" angina
Bronchial asthma
Chronic cough
Pulmonary fibrosis
Posterior laryngitis
Reflux pharyngitis
Ghronic sinusitis
Dental erosion (early caries)
Halitosis
Xerostomia
Furred tongue
Sleep disorders
Sexual disorders
Anxiety
Recurrent pneumonia
Apparent life-threatening event (ALTE)
Apnea (sudden infant death—SIDS)
Otitis media (children's deafness)

Pulmonology
Otorhino-laryngology
Odontology
General Medicine
Psychiatry
Pediatrics

complicated erosive cases comprise 35% and 5%,
respectively.^ Proper diagnosis—besides the correct
anamnesis—can be ensured with upper panendoscopy,
esophageal pH-metry, and esophageal manometry.

Obstructive sleep apnea (OSA)
Sleep-related breathing disorders include conditions
which are characterized by consciously or unconsciously
experienced periods of hypopnea, apnea, or coughing
fits, with interrupted sleep, resulting in daytime somnolence. If apnea/hypopnea periods occur more than ten
times an hour, then the daytime symptoms emerge and
we have a "sleep-awake" disease group, those with socalled sleep apnea-hypopnea syndrome. Within this category, OSA is manifested in repetitive apnea periods
and is associated with obesity, snoring, and hypersomnia. These periods develop mainly as a result of
anatomical (wide neck, obesity, retrognathia) or other
factors that significantly reduce the diameter of, or
close, the pharynx, with a decrease of muscular tension.
This leads to increased upper respiratory resistance,
which causes the passing air flow through the upper
airway to become turbulent, generating the snoring
phenomenon. If the stricture is so severe that it leads to
obstruction, apnea occurs. During an obstructive apnea
event, an inefficient, powerful but desynchronized
respiratory effort takes place. In such cases, the
diaphragm, which secures the main muscle work of
srespiration, and the auxiliary respiratory muscles become completely desynchronized. This augments the

already negative intrathoracic pressure further towards
the negative direction to the point when arousal occurs,
due to the muscle work or the extreme pressure gradient and hypoxemia. The arousal restores the normal
muscular tension that allows free inspiration, with unbloeked admission of air into the lower respiratory
tract. This cycle may arise 300-400 times a night for an
OSA patient, which leads to the fragmentation of sleep
and explains the serious daytime somnolence. By contrast, reduced respiratory regulation by the central
nervous system or inert or periodical breathing due to
muscular weakness causes central apnea, in which respiratory work is not observed at all during the period of
apnea. In a mixed type of the disorder, interruption is
experienced regarding both the airfiow and the respiratory movements, but this is followed by intensive movement of the diaphragm in the second half of the apnea
period.''-'
From these findings it emerges that, when examining
the potential linkages between GERD and sleeprelated breathing disorders, the most interesting question is the possible relationship between refiux disease
and OSA.
GERD and sleeping—anatomy and physiology
The esophagus is a 20 to 25-cm-long hollow tube, with
sphincter-like functions, and it is secured with two highpressure zones, one on each end. The part between
these two ends is the so-called tubular esophagus. The
functioning of the upper esophageal sphincter (UES)
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ensures swallowing, and it also prevents the aspiration
and the swallowing of air. The mucosa of the epiglottis
contains special receptors which play a role in aspiration
prevention as well. These receptors mediate aspiration
preventive reflex responses, including swallowing, cessation of breathing, airway constriction or closure, and
coughing. These reflexes can also be activated via regurgitation of the gastric contents.* The lower esophageal
sphincter (LES) prevents the reflux of the gastric contents into the esophagus, while it also secures the passage of the swallowed food into the stomach when it is
relaxed. The difference between the abdominal and the
thoracic pressure, the compressive effect of the gastric
bubble, the converged mucosal folds, and the transverse
muscular fibers of the diaphragm (right crural diaphragm. His angle, musculomucosal valve) contribute
to the blocking function of the LES. The motor response of the esophagus to reflux events is peristalsis.
Primary peristalsis is the most frequent response, which
acts against the reflux through the stimulation of swallowing. This is the first reaction in 90% of the events.
Secondary peristalsis is a rare but important phenomenon, which is carried out through distension of the
esophagus. It is mainly important during sleep, when
swallowing is impaired.' The esophagus clears away the
regurgitated contents through its motor activity (volume clearance). The produced bicarbonate and saliva
play a role in neutralizing the regurgitated acidic fluid
(acid clearance). In addition, gravitational force also
counteracts regurgitation.
Two pathomechanisms have been described concerning reflux-induced respiratory symptoms:
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to fall below the atmospheric level by around 10cm
H2O. On the other hand, exhalation with a closed glottis
(Valsalva maneuver) results in an increase of the intrathoracic pressure significantly above the atmospheric
level due to the work of the diaphragm and the abdominal and auxiliary respiratory muscles. Such powerful
pressure changes can be observed during defecation
or sneezing. The position of the body—lying on the
back, or on one side, standing, or sitting—modifies
the pressure conditions. In some respiratory diseases,
the subatmospheric intrathoracic pressure rises with the
volume increase produced by the increased resistance
of the respiratory tract. This, in itself, predisposes to
reflux of the gastric contents, especially in the relaxed
state of the smooth muscle when the body is in the
supine position, when the diameter of the cartilaginous
respiratory tract tissue is narrowed in relation to the
lower position of the esophagus, which consists of softer
connective tissue.'"

The relationship between GERD and OSA:
an overview of the literature
There is controversy around this issue, somewhat
similar to the decade-long polemic on the relationship
between OSA and hypertension, which concluded
with the confirmation of a causal effect produced by

On the basis of physiological studies analyzing the
effect of sleep on gastroesophageal physiology, a claim
arose that sleep itself could be connected to gastroesophageal reflux events. On the other hand, the
(1) Nocturnal acid reflux —> microaspiration —> exudaEuropean Community Respiratory Health Survey,'^
tive mucosal reaction
published in 2003, noted that the GERD that develops
(2) Acid reflux —> esophagus -^ vagus nerve —>
during sleep is an important determinant of respiratory
bronchoconstriction
imbalance, because it may play a role as an aggravatThe diameter of the respiratory tract decreases in
ing or causal factor in relation to nocturnal asthma,
both mechanisms, and this may worsen symptoms or
chronic cough, recurrent bronchitis, and respiratory
cause them.
disorders during sleep. The physiological antireflux
Compared with wakefulness, sleep could be regarded
mechanisms—swallowing rate, salivation, the pressure
as an unstable respiratory period with obstructive and
of the upper and lower esophageal sphincters, gastric
central hypopneas and apneas. These periods may be
emptying—are reduced, and the "heartburn-signal" is
found even in healthy people as a result of decreased
depressed during sleep.'"" Esophageal pH-metry and
activity of the respiratory drive during sleep. Respirapolysomnography performed in parallel during sleep
tion is not a static process. Both under healthy and
have, revealed that acid production decreases considerpathological conditions it influences the esophagus,
ably compared with that in the state of wakefulness.
which is located in the intrathoracic area. This fact can
There is no difference between the rapid eye movement
be explained partly by positional factors and partly by
(REM) and the non-REM sleep phases in this respect,
mechanical events. During inspiration, a pressurealthough acid production shows a significant reduction
difference develops between the alveoli and the outer
in the deeper sleeping phases. In contrast, acid producspace: decompression is generated under inspiration,
tion is raised in healthy people during awakening."' It
while compression occurs under expiration. Inspiration
was also shown, by Kahrilas and co-workers,'^ that the
with a closed glottis (Muller manuever) causes the intraLES pressure decreased with the deepness of sleep even
pulmonary and consequently the intrathoracic pressure
for healthy volunteers.
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A further factor to be considered regarding the OSAGERD relationship is that the diaphragm is connected
to the LES through the phrenoesophageal hgament
(PEL)." During sleep apnea, the respiratory work of
the diaphragm increases greatly. This increased burden
affects the cardia through the frequent changes in the
position of the PEL. This leads partly to the loss of
cardia muscle tone (cardia insufficiency). Indeed, it is a
well-known finding that OSA patients often experience
a burning sensation in their esophagus as well as acid
regurgitation into the pharynx. The occurrence of impaired swallowing has been documented in relation to
this.'*" Nevertheless, the observation that both GERD
and OSA patients are corpulent seems to have hindered
the identification of the relationship between reflux disease and OSA. In fact, the two most common risk factors for GERD are obesity and alcohol abuse, both of
which increase the intraabdominal pressure and decrease esophageal clearance.
Teramoto et al.^° found that reflux complaints were
more prevalent among elderly patients with OSA than
in non-OSA patients of a similar age and body mass
index (BMI). Their conclusion was that OSA is a
statistically relevant factor concerning the presence of
GERD. In a study investigating samples of young populations in three countries, Gislason et al.^' reported a
rather challenging finding. According to their article,
4.6% of the young population complained of known
symptoms of GERD, which tended to be associated
with obesity. At the same time, the manifestations of
certain forms of respiratory disorders during sleep, as
well as nocturnal asthma, were more frequent in this
group compared with the rest of the population. They
inferred that the presence of nocturnal GERD could be
related to asthma as well as to the obstructive respiratory disorders occurring during sleep. The suggested
explanation was that the pressure gradient between the
esophagus and the stomach increases due to the augmented intrathoracic pressure, which sucks up the gastric contents into the esophagus. This, in turn, produces
a further pharyngeal spasm in patients with sleeprelated breathing disorders, while it can also lead to
bronchoconstriction or coughing in asthmatic patients,
by causing microaspiration. Earlier studies conducted
by the same team, using epidemiological methods,
showed that, in a young patient population, nocturnal
GERD prevailed as an independent risk factor for snoring, daytime somnolence, and other sleep complaints,
such as symptoms of insomnia, restless sleep, and early
awakening.^^-^3 Turning to more direct measurements.
Ing et al.2* found that significantly more reflux events
were identified for OSA patients compared to controls
during one-channel esophageal pH-metry. However,
these reflux events typically did not display a temporal
coincidence with the respiratory events in the two-
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channel pH-metry performed by Penzel and coworkers.^' While the coincidence of the reflux and apnea events remains an issue to be resolved, the number
of reflux events was reduced with nasal continuous positive airway pressure (nGPAP) treatment for both OSA
and reflux patients.^^^^ This would imply that OSA is
a causal factor regarding GERD. At the same time,
the apnea-hypopnea index remained unchanged,
while the frequency of the patients' arousal was suppressed with histamine receptor 2-blocker treatment
(nizatidine). It is worthwhile to note, in this respect, that
studies focusing on patients with aperistaltic esophagus
imply that arousal from sleep is generated by high reflux
under pH4 and the reflux of gastric contents for longer
than 5min.2* Research by Suganuma et al.^' also seems
to point to a more complex causal relationship, as they
showed that GERD itself could cause sleep disorders as
well. Indeed, Senior and co-workers^" treated patients
with a confirmed OSA-GERD condition with 20 mg
omeprazole two times a day, and they observed a significant improvement concerning OSA in 30% of the patients (the apnea index improved).
In our own study we investigated ten OSA patients.
The simultaneous presence of the OSA-GERD combination was identified in eight patients (80%). These
patients were also treated with 20 mg omeprazole two
times a day, with an average follow-up time of 2.7
months. Combining this treatment with dietary advice,
we observed that daytime somnolence—which is a
leading symptom of OSA—appreciably decreased.
Even though the ultimate therapeutic solution is
nGPAP treatment in such patients, it appears that the
complementary treatment of GERD is important as
well.^' This view seems to be shared by Foresman,'^ who
notes that patients suffering from OSA and GERD
simultaneously present a therapeutic challenge. As an
illustration of this challenge. Wolf and Furman^^
presented a case of a patient with long-term, severe
GERD, who was treated with a high dose of omeprazole and antacids. Eventually OSA was identified in
the background of this condition, which came to light
due to the patient's complaint of daytime somnolence.
The nCPAP therapy brought about a significant improvement regarding GERD and the other symptoms
as well.^' However, nGPAP could decrease gastroesophageal reflux in patients without OSA by increasing
the intraesophageal pressure.^" Therefore, the improvement in GERD brought about by nGPAP may not be
caused by the effect of a positive airway pressure on
OSA.
In their overview of some more recent research. Field
and Flemons^' commented that the data are rather insufficient to clarify the relationship between GERD and
OSA, and well-planned, randomized studies would be
needed in the future.^' In a recent article, Unal and co-
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Fig. 1. The authors' suggestions for presumed points connecting obstructive sleep apnea and gastroesophageal
reflux disease. OSA, obstructive sleep apnea; (n)GER
(nocturnal) gastroesophageal reflux; Dph, diaphragm; PEL,
Phrenoesophageal ligament; TLESR, transient low esophageal sphincter relaxation; (-)pTh, negative intrathoracic
pressure; pTD, transdiaphragmatic gradient of pressure
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from this, the presence of a high pressure gradient in
the lying position may facilitate a migrant reflux up to
the pharyngeal region, which could eventually result in
microaspiration, triggering asthmatic or coughing attacks. At the same time, the further narrowing of the
pharyngeal region of the upper respiratory tract could
lead to several forms of sleep-disordered breathing,
such as OSA or snoring.
As a result of the depressed muscle control of the
respiratory drive during sleep, there is considerable
muscle tone relaxation in the pharyngeal region. Given
that numerous receptors are located in the pharynx, the
high reflux of either acid or gastric contents, added to
this muscle relaxation, could lead to choking as a result
of a delayed awakening from sleep. Taking all these
factors together, we are facing two multifactorial
conditions which have a distinct impact on each other,
especially in certain anatomical situations, such as
retrognathia or maxillo-facial abnormalities. The coexistence of the two conditions plays an important role in
the therapeutic considerations.
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