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Anatomy of Reﬂux: A Growing Health Problem
Affecting Structures of the Head and Neck
MICHAEL J. LIPAN, JOY S. REIDENBERG,

AND

JEFFREY T. LAITMAN*

Gastroesophageal reﬂux disease (GERD) and laryngopharyngeal reﬂux (LPR) are sibling diseases that are a modernday plague. Millions of Americans suffer from their sequelae, ranging from subtle annoyances to life-threatening
illnesses such as asthma, sleep apnea, and cancer. Indeed, the recognized prevalence of GERD alone has increased
threefold throughout the 1990s. Knowledge of the precise etiologies for GERD and LPR is becoming essential for
proper treatment. This review focuses on the anatomical, physiological, neurobiological, and cellular aspects of these
diseases. By deﬁnition, gastroesophageal reﬂux (GER) is the passage of gastric contents into the esophagus; when
excessive and damaging to the esophageal mucosa, GERD results. Reﬂux that advances to the laryngopharynx and,
subsequently, to other regions of the head and neck such as the larynx, oral cavity, nasopharynx, nasal cavity,
paranasal sinuses, and even middle ear results in LPR. While GERD has long been identiﬁed as a source of
esophageal disease, LPR has only recently been implicated in causing head and neck problems. Recent research has
identiﬁed four anatomical/physiological “barriers” that serve as guardians to prevent the cranial incursion of reﬂux:
the gastroesophageal junction, esophageal motor function and acid clearance, the upper esophageal sphincter, and
pharyngeal and laryngeal mucosal resistance. Sequential failure of all four barriers is necessary to produce LPR.
While it has become apparent that GER must precede both GERD and LPR, the head and neck distribution of the latter
clearly separates these diseases as distinct entities warranting specialized focus and treatment. Anat Rec (Part B:
New Anat) 289B:261–270, 2006. © 2006 Wiley-Liss, Inc.
KEY WORDS: laryngopharyngeal reﬂux; LPR; gastroesophageal reﬂux disease; GERD; lower esophageal sphincter; LES;
upper esophageal sphincter; UES; esophageal motility; mucosal resistance

INTRODUCTION
Patients presenting with symptoms
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ern medicine, largely due to physicians’ inability to identify the source
of their ailments. The majority of patients feel better with little more than
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drum, often leading to frustration for
both doctor and patient. Slowly, physicians began to identify acid reﬂux,
which may travel to regions as far as
the head and neck, as a causative
agent of these various symptoms (Table 1). Over the last 15 years, carefully
constructed human clinical trials have
gradually added evidence that reﬂux
of gastric contents causes a wide
range of symptoms and clinical signs
commonly called laryngopharyngeal
reﬂux (LPR; Table 2). The symptoms
themselves can cause a signiﬁcant impact on quality of life, but the more
important point is the implication of
LPR as a risk factor for a number of
life-threatening conditions such as
head and neck cancers, asthma, sleep
apnea, narrowing of the respiratory
tract below the vocal folds (i.e., subglottic stenosis), and involuntary
forceful adduction of the vocal folds
(i.e., laryngospasm) (Koufman et al.,
2002).
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TABLE 1. Symptoms and conditions associated with laryngopharyngeal reﬂux grouped by anatomic site
Anatomic Sites

Symptoms

Conditions

Larynx

Hoarseness (Wiener et al., 1989; Smit et al.,
2000)
Voice fatigue
Voice breaks
Muscle tension dysphonia

Oropharynx and
laryngopharynx

Globus (lump in throat sensation) (Smit et
al., 2000)
Dysphagia
Chronic sore throat (pain and irritation)
Excessive Throat clearing
Excessive phlegm/saliva
Wheezing
Chronic cough (Irwin et al., 1993; Harding
and Richter, 1997)

Chronic laryngitis (Hanson et al., 1995)
Subglottic stenosis (Little et al., 1985; Jindal et al.,
1994)
Laryngeal carcinoma (Ward and Hanson, 1988;
Qadeer et al., 2005; El-Serag et al., 2001)
Paroxysmal laryngospasm (Loughlin and
Koufman, 1996; Maceri and Zim, 2001)
Contact ulcer (Cherry and Margulies, 1968)
Granuloma (Havas et al., 1999)
Recurrent leukoplakia (Koufman, 1991)
Vocal fold nodule (Kuhn et al., 1998)
Laryngomalacia (Belmont and Grundfast, 1984)
Arytenoids ﬁxation
Renke’s edema
Pachydermia
Pharyngeal carcinoma (Qadeer et al., 2005)
Obstructive sleep apnea (Kerr et al., 1992;
Demeter and Pap, 2004)

Lung and
tracheobronchial
tree
Middle ear
Oral cavity
Sinuses

Asthma exacerbation (Harding and Richter,
1997)
Otitis media with effusion (Tasker et al., 2002)
Dental erosions (Schroeder et al., 1995)
Chronic rhinosinusitis (Ulualp et al., 1999; Parsons,
1996)
Sudden Infant Death Syndrome (Thatch, 2000;
Nielson et al., 1990)

Halitosis

Multiple Sites

TABLE 2. Synonyms for laryngopharyngeal reﬂux
Reﬂux laryngitis
Laryngeal reﬂux
Pharyngoesophageal reﬂux

Reﬂux is deﬁned as a backward ﬂow
of ﬂuid (Table 3). The passage of gastric contents into the esophagus is referred to as gastroesophageal reﬂux
(GER; Fig. 1). GER by itself is considered physiological and occurs routinely in healthy individuals with no
symptoms or signs of disease. In fact,
after-dinner indulgences that contain
ingredients such as chocolate, caffeine, nicotine, or alcohol may promote GER and thus relieve discomfort
due to stomach distention following a
large meal. However, excessive GER
can damage the esophageal mucosa
and cause inﬂammation, a condition
commonly referred to as gastroesophageal reﬂux disease (GERD). This
breakdown of the squamous esophageal epithelium is caused by pepsin in
an acidic milieu and can lead to heart-

Supraesophageal reﬂux
Extraesophageal reﬂux
Atypical reﬂux

burn, mucosal ulceration, narrowing
of the esophagus, a change to gastric
epithelium (i.e., Barrett’s metaplasia),
and, eventually, esophageal cancer.
GER can alternatively reﬂux through
the length of the esophagus to reach
the laryngopharynx and cause LPR,
making GER a common ﬁrst step for
both diseases (Fig. 2). However, due
to the differences in the subsequent
progression of these diseases, GERD
and LPR are clearly distinct from one
another.
The impact of reﬂux is widespread.
Abnormal reﬂux affects millions of
Americans a year. One study demonstrated that 7% of those surveyed experienced heartburn daily, 14% noted
heartburn weekly, with a total of 36%
having heartburn at least monthly
(Nebel et al., 1976). LPR may affect a

smaller proportion of the population
than GERD, but it is difﬁcult to diagnose accurately and thus epidemiological studies are scarce. LPR has
been reported in up to 10% of patients
referred to otolaryngologists for treatment (Koufman, 1991) and 50% of patients with laryngeal and voice disorders (Koufman et al., 2000). Notably,
President Clinton suffered from LPR,
which led to chronic hoarseness during his ﬁrst presidential campaign in
1992 and intermittently plagued him
throughout his terms in ofﬁce. Most
importantly, the diagnosis of GERD
has been increasing at an alarming
rate, more than tripling between 1990
and 2001 (Altman et al., 2005). This
rise has become a substantial burden
on our population, which is likely to
continue to worsen.
Over the last 35 years, evidence for
the association of reﬂux and ailments
of the pharynx and larynx has been
mounting, and this cause-and-effect
relationship is gradually being accepted by physicians. The susceptibility of the human aerodigestive tract to
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TABLE 3. Deﬁnition of terms related to gastric reﬂux, including typical patient presentation to physicians for each
disorder
Reﬂux
Gastroesophageal
reﬂux (GER)
Gastroesophageal
reﬂux disease
(GERD)
Laryngopharyngeal
reﬂux (LPR)

A backwards ﬂow used clinically to describe retrograde
ﬂow of body ﬂuid
Physiologic reﬂux of gastric contents into the esophagus
not associated with retching or emesis (Stein et al.,
1998)
Excessive GER exceeding epithelium defenses and
eliciting symptoms (i.e., heartburn) or histopathologic
injury (i.e., esophagitis) (Kahrilas and Lee, 2005)
Reﬂux of gastric contents into the laryngopharynx.
Although most patients have LPR without GERD, some
may have both. (Koufman et al., 2002)

Patients asymptomatic

Patients usually present to
gastroenterologists
Patients usually present to
otolaryngologists (4%–10% of
otolaryngology patients and 50% of
patients with voice disorders have
LPR associated complaints) (Ormseth
et al., 1999)

mally exist to protect against LPR: the
gastroesophageal junction, esophageal motor function and acid clearance, the upper esophageal sphincter,
and pharyngeal and laryngeal mucosal resistance. The goal of this review
is to present the current understanding of how these antireﬂux barriers
must sequentially fail in order for LPR
to occur.

GASTROESOPHAGEAL JUNCTION

Figure 1. The gastroesophageal junction
with arrow indicating gastroesophageal reﬂux, which is deﬁned as passage of gastric
contents from the stomach into the esophagus. Gastroesophageal reﬂux disease results when gastroesophageal reﬂux becomes excessive and damages the
esophageal mucosa.

LPR has recently been described
within an evolutionary perspective in
studies from our laboratory (Laitman
and Reidenberg, 1993; Laitman and
Reidenberg, 1997). By comparing the
anatomical position of the adult human larynx to human children and
other mammals, the studies demonstrated that the adult human larynx’s
caudal shift from an intranarial position makes it unsuited to accommodate reﬂux to the region. The descent
of the larynx during development uniﬁes what were two largely separate
pathways, namely, the respiratory
tract and the digestive tract. This altered positional relationship allows
the respiratory tract to be exposed to
reﬂux reaching this level of the throat.
Furthermore, the relatively unpro-

Figure 2. Regions of the head and neck
with arrow indicating passage of gastroesophageal reﬂux proximally past the upper
esophageal sphincter. Laryngopharyngeal
reﬂux results when reﬂux damages the vulnerable mucosa of the pharynx, larynx, oral
cavity, and nasal cavity. As few as one episode of reﬂux to these regions is considered
excessive.

tected posterior larynx of the adult human is inadequate to shield the laryngeal vestibule from exposure to reﬂux
(Laitman and Reidenberg, 1997).
In recent years, major efforts have
been made to gain a better understanding of the anatomical, physiological, neurobiological, and cellular
mechanisms that break down to allow
reﬂux to reach the laryngopharynx
and, once there, cause disease. There
are four antireﬂux barriers that nor-

The ﬁrst antireﬂux barrier is the gastroesophageal junction (Fig. 3). This
barrier consists of a complex sphincter with smooth muscle elements of
the lower esophageal sphincter (LES)
and skeletal muscle of the crural diaphragm, which combine to maintain
pressure at this junction. This pressure must be kept above intra-abdominal pressure to prevent stomach contents from passing into the esophagus,
whose intrathoracic location subjects
it to a negative pressure. The LES is a
physiological sphincter deﬁned as the
3– 4 cm area of tonically contracted
smooth muscle at the distal end of the
esophagus. The sphincter relaxes after
swallowing to allow passage of ingested materials into the stomach. Anatomically, the zone corresponds to
the most distal portion of the esophagus and is 2–3 times thicker than the
proximal esophageal wall. It is divided
almost in half by the insertion of the
phrenoesophageal ligament, making
the distal half intra-abdominal. The
diaphragmatic crural ﬁbers, whose
action augments the LES at the distal
esophagus, are attached to the LES by
the phrenoesophageal ligament. Thus,
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Figure 3. The gastroesophageal junction indicating (a) the normal anatomy of this region with the functional tonically contracted region
of the LES indicated with a bracket and (b) anatomic disruption of the junction as occurs with a sliding hiatal hernia. Physiologic
phenomena such as hypotension of the lower esophageal sphincter and transient lower esophageal sphincter relaxations result in the
passage of reﬂux into the esophagus. When they occur in conjunction with a hiatal hernia, this reﬂux is accentuated.

while diaphragmatic contraction
causes an increase in intra-abdominal
pressure (as occurs with inspiration
or Valsalva maneuver), it simultaneously prevents the reﬂux of gastric
contents into the esophagus by superimposing its muscular tone onto the
esophagus to raise junctional pressure.
Three theories have emerged to explain how reﬂux crosses the gastroesophageal junction: transient LES
relaxations (TLESRs), the failure to
maintain substantial pressure at the
LES (i.e., LES hypotension), and anatomic disruptions associated with hiatal hernia. Investigation of LES function frequently uses manometry, a
clinical test where a transducer measures intraluminal pressures created
by muscular tone. Physiologically, reﬂux into the esophagus can occur
multiple times a day without causing
disease; it is an established pattern of
reﬂux that determines the manifestations of disease. GERD patients usually have numerous and prolonged periods of reﬂux exposure, usually in the
recumbent position. LPR patients
tend to have more infrequent upright

reﬂux of short duration that reaches
the laryngopharynx without causing
esophageal damage (Koufman et al.,
2002). It is with these patterns in
mind that mechanisms of reﬂux
across the gastroesophageal junction
should be considered.
The ﬁrst theory, TLESR, involves a
physiologic phenomenon in which
there is a sudden drop in pressure at
the LES, which is accompanied by
crural diaphragmatic inhibition and
not preceded by swallowing. TLESRs
typically last longer than relaxations
after swallowing and are primarily
triggered by gastric fundus distention
after a meal. The vagus nerve serves as
both the afferent and efferent arc of
the mechanism, resulting in release of
nitric oxide and vasoactive intestinal
peptide to mediate muscle relaxation
(Hornby and Abrahams, 2000).
Abnormal levels of reﬂux are
thought to be attributed to either an
increased frequency of TLESRs or an
increased frequency of acid reﬂux
during a TLESR, since not all transient relaxations are accompanied by
reﬂux. No study has yet shown a relationship between reﬂux to the laryn-

gopharynx and TLESRs, but conclusions can be drawn from experiments
using GERD patients. There has not
been consistent evidence that there is
an increased frequency of TLESRs in
GERD patients compared to a healthy
cohort of individuals (i.e., the control
group) (Trudgill and Riley, 2001).
However, the frequency of TLESRs
has been found to be position-dependent. Patients with GERD had an increased rate of TLESRs compared to
the control group with all subjects lying on their right side, whereas no
difference in frequency was noted
when subjects sat upright (Sifrim and
Holloway, 2001). Since patients with
LPR frequently reﬂux while upright, it
is unlikely that an increased frequency of TLESRs would explain the
abnormal reﬂux in these patients. Instead, it is possible that LPR patients
could have an increased frequency of
acid reﬂux during a TLESR. Although
the percentage of TLESRs that result
in reﬂux in patients with GERD varies
widely in the literature, from 9% to
93% (Kahrilas, 1998), most reports
conﬁrm that these patients have a
greater rate of reﬂux with each
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TLESR than the control group (Sifrim
and Holloway, 2001). Based on these
results, it is likely that increased frequency of acid reﬂux during TLESR
may be the more important contributor to the genesis of LPR than an increased frequency of TLESRs.
Hypotension of the LES is the second theory of how dysfunction of the
gastroesophageal junction promotes
reﬂux. LES function in LPR patients
was measured during reﬂux episodes
to the proximal esophagus versus the
distal esophagus. Findings showed
that TLESR was the primary mechanism in distal reﬂux events, but a hypotensive LES was the primary mechanism in proximal reﬂux events
(Grossi et al., 2001). Since reﬂux to
the proximal esophagus is more likely
to reach the laryngopharynx than reﬂux to the distal esophagus (Shaker et
al., 1995), hypotension of the LES
likely plays a pivotal role in contributing to LPR.
Two studies measured basal LES
pressures in patients with LPR and
found them to have pressures comparable to the control group (Shaker et
al., 1995; Ylitalo et al., 2001). It is possible that due to the intermittent nature of the reﬂux associated with LPR,
these studies failed to capture the LES
response during a reﬂux event. Therefore, the role of LES hypotension is
unclear, but its role in proximal reﬂux
events likely makes it a cause of LPR.
The third theory implicates a sliding (i.e., type 1) hiatal hernia as the
cause of reﬂux. A sliding hiatal hernia
is an anatomical defect where the distal esophagus and the gastric cardia
herniate upward through the esophageal hiatus of the diaphragm, thus
shifting the LES into the thoracic cavity. It is the most common type of
hiatal hernia and is usually an acquired condition that is often associated with no sequelae. The hernia is
associated with widening of the muscular hiatal tunnel and laxity of the
normally elastic phrenoesophageal
ligament (Kahrilas, 2001) and, most
importantly, results in uncoupling the
combined effect of the diaphragmatic
crural ﬁbers and LES in maintaining
basal tone at the gastroesophageal
junction. This uncoupling leaves LES
tone as the sole contributor to maintaining pressure, making TLESR and
hypotensive LES more likely to allow
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reﬂux to pass into the esophagus. Hypotension of the LES in patients with
a hiatal hernia is thought to occur for
two reasons. First, as mentioned previously, the pressure imparted by crural ﬁbers is no longer imparted over
the LES. Second, the high-pressure
zone of the distal esophagus becomes
shortened. This shortening is attributed to the loss of the intra-abdominal
segment of the esophagus. Normally,
any positive intra-abdominal pressure
would exert an equal force on both the
stomach and the intra-abdominal segment of the esophagus. Therefore,
minimal tone in the esophagus would
be sufﬁcient to prevent reﬂux. However, herniation into the thoracic cavity exposes the entire esophagus to
negative pressures, which counters
the positive pressure created by the
LES. Consequently, reﬂux meets less
resistance at the gastroesophageal
junction when intra-abdominal pressure increases. Therefore, any patient
with a hiatal hernia would be more
likely to reﬂux into the esophagus during TLESRs or hypotension of the
LES than if the gastroesophageal
sphincter was in its normal anatomic
position.
More studies that measure LES
function when reﬂux reaches the laryngopharynx would be useful to
better characterize the precise
gastroesophageal junction deﬁciency
encountered in LPR. Since GER is a
prerequisite for both GERD and LPR,
a combination of these theories, well
studied in patients with GERD, is
likely to account for the reﬂux that
causes LPR. Based on the evidence
presented, hypotension of the LES
leading to proximal reﬂux and an increased frequency of reﬂux during
TLESR are both likely to be important
factors in LPR. The concurrent presence of these two phenomena with a
hiatal hernia exacerbates the disease.

ESOPHAGEAL MOTOR
FUNCTION AND ACID
CLEARANCE
The second antireﬂux barrier is the
normal motor function of the esophagus (Fig. 4). Boluses of food and water
are pushed by a strong coordinated
peristaltic wave from the pharyngoesophageal junction down past the
gastroesophageal junction and into

the stomach. Peristaltic waves are either primary (i.e., triggered by a pharyngeal swallow) or secondary (i.e.,
triggered by direct simulation of the
esophageal mucosa). These peristaltic
sequences are important in clearing
any reﬂux back into the stomach. Reﬂux remaining in the esophagus is
then neutralized by swallowed saliva
delivered during primary peristalsis.
Any disturbance in normal esophageal motility increases the likelihood
that reﬂux could travel the full length
of the esophagus into the laryngopharynx. Indeed, manometric measurements of esophageal peristalsis in
LPR patients revealed abnormal motility in 75% of subjects (Knight et al.,
2000). This study looked exclusively at
primary peristalsis and found that the
most common motility disorder was
ineffective esophageal motility, an abnormality characterized by occasional
low contraction strength, contraction
that fails to be transmitted along the
whole length of the esophagus, and
incomplete LES relaxation.
The ﬁnding of abnormal esophageal
motor function was conﬁrmed by another study, which compared esophageal acid clearance time in patients
with LPR and the control group
(Postma et al., 2001). Esophageal acid
clearance time is the amount of time
necessary to return the esophagus to a
neutral pH following an acidic reﬂux
event. This time is affected by both
overall esophageal motor function
and salivary neutralization. Since the
authors of the study assume that the
latter component is constant among
subjects, esophageal acid clearance
time becomes a good measure of
esophageal motor function. The study
found that patients with LPR had signiﬁcantly longer clearance times than
the control group, but the times were
not as long as in patients with GERD.
Secondary esophageal peristalsis
has also been examined in patients
with LPR (Ulualp et al., 2001). Stimulation of the esophagus via abrupt injections of air volumes invokes a peristaltic wave. The threshold to trigger
the peristalsis was comparable between LPR patients and the control
group. Additionally, the parameters of
the pressure wave (amplitude, duration, and velocity) were similar between the two groups as well.
Thus, abnormalities in primary
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Figure 4. a–d: The esophagus exhibiting normal progression of the primary peristaltic wave from the proximal esophagus to the distal
esophagus, ending in lower esophageal sphincter relaxation. This mechanism clears reﬂux back to the stomach and delivers saliva to
neutralize any remaining reﬂux. e–h: The esophagus exhibiting ineffective esophageal motility, the most common abnormality of the
primary peristaltic wave that occurs in laryngopharyngeal reﬂux. This disorder is characterized by occasional low contraction strength (e
and f), loss of contraction as the peristaltic wave is transmitted along the length of the esophagus (e– g), and incomplete LES relaxation
(h), which, in combination, increases the chance that reﬂux reaches laryngopharynx once in the esophagus, as occurs in LPR. Secondary
peristalsis is normal in LPR.

peristalsis but not secondary peristalsis characterize the esophageal dysmotility found in patients with LPR.
These results are not surprising given
that the pharyngeal swallow and the
resulting primary peristaltic wave are
considered to be the predominant
mechanism in returning reﬂux back to
the stomach (Bremner et al., 1993).
Moreover, the defect in primary
esophageal function associated with
LPR is not as severe as that found in
GERD (Postma et al., 2001). This conclusion reinforces the fact that GERD
is characterized by excessive exposure
of reﬂux to the esophagus, whereas

Figure 5. The larynx with the functional tonically contracted region of the UES indicated with a bracket. Abnormal response
of reﬂexes that prevent the passage of reﬂux to the laryngopharynx is thought to contribute to laryngopharyngeal reﬂux.

the sequelae of this excessive contact
is usually lacking in LPR patients. Reﬂux in LPR must travel rapidly
through the esophagus on the way to
the laryngopharynx, where the problems of the disease manifest.

UPPER ESOPHAGEAL SPHINCTER
The third antireﬂux barrier is the upper esophageal sphincter (UES; Fig.
5). It is the deﬁciency in this mechanism that makes LPR unique from
GERD. The UES is deﬁned as a highpressure zone that is tonically constricted at the pharyngoesophageal
junction. Like the LES, it relaxes to
allow the passage of food or liquid
boluses during swallowing. The UES
is made up of the most distal ﬁbers of
the inferior pharyngeal constrictor
(i.e., the cricopharyngeus muscle) and
the most proximal portion of the
esophagus. The cricopharyngeus
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muscle makes the largest contribution
to pressure at the UES in all physiologic states (Lang and Shaker, 1997).
The pressure of the UES demonstrates
a wide range of variation. For example, pressures decrease signiﬁcantly
during sleep, periods of calmness, and
even expiration (Kahrilas et al., 1987).
Pressures have also been shown to be
lower in the elderly (Fulp et al., 1990).
The main functions of the UES are
to prevent air from entering the
esophagus during respiration and to
prevent gastric secretions from entering the pharynx during reﬂux events.
An aberration in accomplishing this
second function is believed to be the
primary defect in LPR, since its manifestations result from reﬂux abnormally breaching this sphincter to
reach the laryngopharynx.
Manometric studies have been used
to see if hypotension of the UES has
any role in allowing reﬂux into the
laryngopharynx. Average pressures of
the UES at rest were similar between
patients with LPR and the control
group (Shaker et al., 1995; Ulualp et
al., 1998). Electrophysiologic measurements of the cricopharyngeus
muscle conﬁrmed these ﬁndings and
showed no abnormality in its tonic
activity or activity during swallowing
in patients with LPR (Celik et al.,
2005). As with studies of the LES,
these studies may be missing measurement of intermittent sphincteric
dysfunction around the time of reﬂux
events. Studies evaluating UES pressures during reﬂux yielded conﬂicting
results. Two studies in adults demonstrated no change in the UES pressure
during esophageal reﬂux events in patients with GERD or the control group
(Kahrilas et al., 1987; Vakil et al.,
1989), though lack of response could
be a result of the methodology used.
In both studies, pressures at the UES
were measured during a reﬂux event,
and the average pressure was compared to the average pressure measured during an equal interval prior to
the reﬂux event. Therefore, the experiments may have failed to detect a
short lasting change in UES pressures
that may have occurred at the onset of
the reﬂux event.
In contrast to the above studies,
Torrico et al. (2000) found that nearly
all reﬂux events resulted in an increase in UES pressure regardless of
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whether the reﬂux occurred in GERD
patients or the control group. This response to esophageal stimulation has
been termed the “esophago-UES contractile reﬂex” (Creamer and Schlegel,
1957). The increase in pressure was
not signiﬁcantly different between
GERD patients and the control group,
but the duration of the pressure increase was nearly double in the control group (25 vs. 15 sec). If a similar
response were to be found in patients
with LPR, it stands to reason that
while the longer contraction may be
sufﬁcient to restrict normal GER to
the esophagus in healthy individuals,
the sphincter’s premature relaxation
may allow reﬂux to pass into the laryngopharynx in LPR.
The opposite of the esophago-UES
contractile reﬂex is the belch reﬂex.
The venting of gastric gas through the
mouth starts with gastric distention
leading to a relaxation of the LES. The
gas pressure leads to esophageal distention triggering complete UES relaxation (Kahrilas et al., 1986). Thus,
belching while reﬂux is in the proximal esophagus may allow the reﬂux to
pass into the laryngopharynx. Patients
with LPR have been shown to have
more episodes of distal reﬂux reaching the proximal esophagus than patients with GERD or the control
group. Additionally, 30% of reﬂux
events in the laryngopharynx were associated with belching (Shaker et al.,
1995).
Artiﬁcial elicitation of the belch reﬂex showed that the rapidity and pattern of esophageal distention determine if the UES relaxes, constricts, or
remains unchanged (Kahrilas et al.,
1986). Both air boluses injected into
the esophagus and balloon dilation resulted in relaxation, while injected
ﬂuid boluses resulted in constriction
or no change in UES tone. Likewise,
abrupt GER could also cause esophageal distention and elicit UES relaxation as occurs in the belch reﬂex
(Williams et al., 1999). This abrupt
and forceful episode of GER accompanied by UES relaxation may explain
why LPR patients exhibit reﬂux in the
upright position, when it must overcome the effects of gravity, which normally resists reﬂux. Evidence that gastric reﬂux triggers UES relaxation was
reported in children (Willing et al.,
1993), while the opposite response,

UES contraction, was found in adults
(Torrico et al., 2000). Clearly, a complex interplay exists between the belch
reﬂex and the esophago-UES contractile reﬂex, and similarly to the LES,
UES pressures must be measured
during reﬂux events that reach the laryngopharynx in order to better understand the precise UES defect associated with LPR.
Reﬂexes resulting in UES contraction have also been described when
regions proximal to this sphincter are
stimulated, namely, the laryngeal and
pharyngeal mucosa. An example of
this is the laryngo-UES contractile reﬂex, which is elicited by stimulation of
mechanoreceptors of the larynx. The
internal division of the superior laryngeal nerve acts as the afferent arc and
the vagus nerve as the efferent arc of
this reﬂex. A second example is the
pharyngo-UES contractile reﬂex,
which is elicited by stimulation of
mechanoreceptors of the posterior
pharyngeal wall. The glossopharyngeal nerve acts as the afferent arc and
the vagus nerve as the efferent arc of
this reﬂex. Although speculative, these
reﬂexes are thought to play a role in
preventing reﬂux from passing the
UES. Reﬂux contacting the pharyngeal or laryngeal mucosa stimulates
the reﬂex arc leading to augmentation
of the UES basal resting tone. This
increase in sphincter tone would then
prevent further passage of reﬂux into
the laryngopharynx.
The integrity of the pharyngo-UES
contractile reﬂex in patients with LPR
was investigated using water stimulation (Ulualp et al., 1998). Both patients and the control group demonstrated an increase in the UES
pressure at a certain threshold volume
of water injection. However, LPR patients required twice the amount of
water volume to evoke the reﬂex compared to the control group, suggesting
a dysfunctional afferent sensory arc,
possibly at the level of the pharyngeal
receptors. The laryngeal sensory deﬁciency in LPR was found to be due to
the damaging effect on the mucosa
from exposure to reﬂux (Aviv et al.,
2000). This loss of mecanosensitivity
was conﬁrmed by infusing acid into
the laryngopharynx of healthy controls to achieve diminished mucosal
sensation (Phua et al., 2005). This
causal relationship was supported by
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the ability to reverse the sensory defect with aggressive therapy against
LPR (Aviv et al., 2000).
Therefore, a defect of the UES may
cause a vicious cycle of events at the
laryngopharynx in patients with LPR.
First, the UES fails to sustain a prolonged contraction when the esophagus is stimulated by a reﬂux event.
Once an initial reﬂux event reaches
the laryngopharynx, it causes an inﬂammatory reaction that disrupts
normal sensation of the pharyngeal
and laryngeal mucosa. This disruption leads to a diminished pharyngoUES contractile reﬂex that normally
would have prevented further reﬂux
from reaching the laryngopharynx
and perpetuates more damage to the
mucosa.

PHARYNGEAL AND LARYNGEAL
MUCOSAL RESISTANCE
Once reﬂux passes the UES and
reaches the laryngopharynx, it diffuses along the aqueous mucosal environment to reach adjacent regions
of the head and neck (Westcott et al.,
2004). At this point, the only antireﬂux barrier left to prevent inﬂammation and damage is the inherent mucosal resistance of the pharynx and
larynx to the corrosive components of
the reﬂux (Fig. 6).
It is widely accepted that the mucosa in this region is poorly suited to
resist damage from components of reﬂux in comparison with the esophageal mucosa (Koufman et al., 2002).
Although as many as 50 reﬂux episodes a day into the esophagus is considered to be within a normal physiologic range, some researchers believe
that a single acidic event in 24 hr in
the laryngopharynx could cause LPR
(Postma et al., 2001). In experimental
dog models, as few as three reﬂux episodes per week caused signiﬁcant
damage to the laryngeal mucosa (Little et al., 1985; Koufman, 1991). Electron microscopy has demonstrated
that pepsin compromises cell membrane integrity by disrupting the intercellular junction complex and increasing the intracellular space
(Axford et al., 2001).
One extrinsic mechanism to protect
the mucosa is salivary bicarbonate
neutralization of acid. In the esophagus, normal intermittent swallowing

Figure 6. The stratiﬁed squamous epithelial
layer of mucosa in the head and neck. Intrinsic resistance to reﬂux is from salivary delivery of bicarbonate ions (HCO3⫺) and epidermal growth factor (EGF), integrity of
intracellular junctions by E-cadherin (represented by white squares), and luminal secretion of intracellular bicarbonate ions produced in a reaction catalyzed by CA.
Cellular changes that promote laryngopharyngeal reﬂux include lack of contact with
saliva, decreased salivary epidermal
growth factor, loss of E-cadherin, and
downregulation of CA III.

not only leads to a peristaltic wave
that clears reﬂux back to the stomach,
but also delivers bicarbonate-rich saliva to neutralize any residual acid
(Helm et al., 1982). The laryngeal mucosa, however, does not normally
come into contact with saliva and
hence is not buffered by salivary bicarbonate. This poor acid neutralization leads to increased contact time
between the acidic reﬂux and laryngeal mucosa leading to tissue damage.
The lack of extrinsic buffering from
saliva heightens the importance of
mucosal secretion of bicarbonate ion
as an intrinsic defense to resist the
local effects of reﬂux. This bicarbonate secretion depends on the epithelial
cell expression of carbonic anhydrase
(CA) isoenzymes. These enzymes
function to catalyze the reversible hydration of carbon dioxide to bicarbonate ion, which is then actively pumped
into the extracellular space. This reaction is vital in buffering and maintaining a neutral pH on the luminal surface of the mucosa. Esophageal
mucosa expresses CA isoenzymes I to
IV. In patients with GERD, the expression on CA III increases and is
thought to be a protective mechanism
to increase the cellular buffering capacity of mucosa exposed to reﬂux.
Endogenous bicarbonate secretion
from the esophageal epithelium can
increase the pH of reﬂux from 2.5 to a
more neutral pH, where pepsin loses
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most of its activity (Tobey et al.,
1989). In an analysis of laryngeal epithelium expression of CA III, patients
with LPR failed to show a similar upregulation of CA III expression as seen
in GERD patients (Johnston et al.,
2003, 2004). In fact, all patients with
detectable levels of pepsin in laryngeal
epithelium samples had an absence of
CA III protein in vocal fold and laryngeal ventricle tissue biopsies, whereas
laryngeal tissue from the control
group expressed CA III at high levels
(Johnston et al., 2004). The levels of
the enzyme in the posterior commissure were not signiﬁcantly different
between the two groups. The lack of
mucosal bicarbonate secretion after
pepsin injury, in conjunction with the
absence of salivary bicarbonate,
leaves the laryngeal mucosa unable to
neutralize reﬂux. This allows for particularly prolonged contact with pepsin within the acidic range where pepsin is most damaging.
Johnston et al. (2003) also measured the levels of expression of the
adhesion molecule E-cadherin and secreted mucin MUC5AC. Adhesion
molecules in the esophageal mucosa
form intracellular bridges that create
a barrier to penetration of both acid
and pepsin (Orlando, 2000). Both Ecadherin and MUC5AC were found to
have diminished expression in the laryngeal tissue of patients with LPR
(Johnston et al., 2003; Gill et al.,
2005). The loss of E-cadherin indicates a defect in the epithelial barrier
in the larynx, although the importance of mucin proteins in mucosal
resistance to reﬂux is less clear.
All of these ﬁndings demonstrate
the mucosa’s susceptibility to damage
from reﬂux, but an additional factor
determining the severity of disease is
the mucosa’s ability to heal after the
damage is done. Six months may be
needed to allow adequate time to reverse mucosal injury (Belafsky et al.,
2001). An important mediator in this
repair process is salivary epidermal
growth factor, which is involved in the
rapid epithelial regeneration of the
gastrointestinal mucosa. The concentration of salivary epidermal growth
factor was found to be signiﬁcantly
diminished in patients with LPR compared to the control group (Eckley et
al., 2004). A deﬁciency of this protein
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could explain the long period of time
required for the mucosa to heal fully.
Although it is unclear if these
changes are a consequence of reﬂux or
a primary defect, these studies investigating the molecular biology of the
laryngeal mucosa in LPR demonstrate
why this region is so sensitive to reﬂuxed gastric secretions. The downregulation of CA, E-cadherin, mucin
MUC5AC, and salivary epidermal
growth factor combine to cause a disruption of the basic mucosal barrier
and accounts for the chronic inﬂammation found in LPR. It is this inﬂammation that leads to symptoms of the
disease (Table 1). If untreated, the inﬂammation continues and may eventually cause the life-threatening
conditions of subglottic stenosis, laryngospasm, and, most importantly,
cancer.

CONCLUSION
The sibling diseases of gastroesophageal reﬂux disease and laryngopharyngeal reﬂux are a modern-day
plague. Their increasing prevalence in
our population has led to an undeniable burden on society, from the patients who suffer from them to the
exponentially rising costs of treatment. Although GERD and LPR may
often present as only mild disturbances, their association with severe
alterations in quality of life, and
even with life-threatening conditions,
makes a detailed and precise understanding of their respective etiology
imperative for proper treatment.
In order for reﬂux to travel from the
stomach to the laryngopharynx, there
must be a breach in delicate synergistic function of four anatomically, neurologically, and physiologically distinct antireﬂux barriers. This article
has sought to examine the precise
mechanisms that fail when gastric reﬂux is allowed to enter such distant
and vulnerable regions in the head
and neck. As the impact of LPR becomes more widely recognized, it is
likely that research will focus on further characterizing the multifactorial
defects that promote it. Much of our
current understanding is drawn from
the more extensively studied condition GERD. However, it is becoming
dramatically apparent that GERD and
LPR are on different ends of a spec-
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trum of diseases caused by gastric reﬂux. Due to the different anatomy of
these diseases, it stands to reason that
advances in diagnosis and treatment
will likely follow distinct paths as well.
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