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Abstract
Several digestive tract reflexes involving the esophagus and its sphincter muscles have been
identified, but to date, no comprehensive review has addressed most of these reflexes. The
current review presents the known physiology of different esophageal reflexes in which
either the esophagus or its sensory or motor portion of the reflex response is elaborated.
The current review comprehensively examines the known and possible mechanisms
underlying major esophageal reflexes, highlights the huge gaps in current knowledge and
limitations of previous research, helps shed light on the physiology of these reflexes, and
suggests how the knowledge gaps can be bridged. In conclusion, this review will be very
useful for researchers, clinicians, and academicians around the world.
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1. Introduction
This review presents the physiology of esophageal reflexes. Several characteristics of these
reflexes-stimuli, responses, functions, and dysfunctions of the reflexes, receptor types and
locations, afferent and efferent neural pathways, and the associated neural control mechanismsare also elaborated. Besides, the possible role of these reflexes in various clinical conditions has
also been explored.
Herein, primary or secondary peristalsis, belching, and vomiting mechanisms of esophageal
reflexes are not discussed as they have already been reviewed previously [1-5]. However, reflexes
that activate peristalsis, belching, and swallowing in novel defined methods, which inhibit
peristalsis, belching, and swallowing, and the subreflexes have been reviewed.
Many of these reflexes are significantly involved in various clinical conditions, such as gastroesophageal reflux disease (GERD). Thorough knowledge of the physiology of these reflexes is
desirable for understanding several clinical conditions and initiate interventions.
2. Upper Esophageal Sphincter Reflexes
2.1 Esophago-UES Contractile Reflex (EUCR) and Esophago-Esophageal Contractile Reflex (EECR)
2.1.1 Stimulus and Response
The EUCR (Figure 1) and EECR (Figure 2) were first reported together in the same study [6], and
have been investigated individually over the past 60 years. Both reflexes are presented together as
they show many similarities, originate from the same upper esophageal sphincter (UES) muscles,
and appear part of the same reflex response. These reflexes have been identified in both humans
[6-8] and animals [9, 10], but their mechanisms have been defined primarily in the decerebrate cat
[9, 10].

Figure 1 The esophago-UES contractile (EUCR) and relaxation (EURR) reflexes. This
figure depicts the effects of 4-mL slow (EUCR) or 4-mL rapid distension (EURR) of the
esophagus on the pharynx, larynx, and esophagus. Slow distension of the esophagus
causes the reflex contraction of cricopharyngeus (CP), the primary muscle of the upper
esophageal sphincter (UES). Rapid distension of the esophagus at the same location
and the same volume inhibits the CP. ESO, esophageal; EMG, Electromyography
showing the distance of muscles from lower esophageal sphincter (LES) shown on the
left side of the figure; GH, geniohyoideus; TH, thyrohyoideus; CP, cricopharyngeus; IA,
interarytenoid; CT, cricothyroideus.
Page 2/35

OBM Hepatology and Gastroenterology 2020; 4(4), doi:10.21926/obm.hg.2004052

Figure 2 The esophago-esophageal contractile reflex (EECR). This figure shows that
slow distension of the esophageal reflexes activates contraction or the stimulus of
esophagus in the CP and TP in a decerebrate cat. The EECR is often followed by
secondary peristalsis (SP) as shown in the right half of the illustration. TP,
thyropharyngeus; CP, cricopharyngeus; E2, second esophageal EMG 2 cm from CP. M#,
manometry of the esophagus # cm from the UES; ESO, esophageal; Dist, distension. #
shows the number of respective nerve/reflex; SP, secondary peristalsis.
Both EUCR and EECR occur simultaneously with the esophageal distension and can be activated
from all areas of the esophagus; however, the magnitudes of these reflex responses are greater
when activated from a striated muscle rather than from a smooth muscle portion of the
esophagus [6-11].
The acute or chronic short term (less than 30 min) exposure of the esophagus to hydrochloric
acid (HCl) demonstrated minimal effects on EUCR or EECR in decerebrate cats [12, 13], but both
reflexes are significantly inhibited (Figure 3) by longer term acute (greater than 30 min HCL
exposure) or chronic exposures (15 Ml HCl exposure daily for four days) [10, 12-14] in humans and
animals.
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Figure 3 Effect of acute exposure of the esophagus to HCl on EUCR and EECR. In the
control condition in decerebrate cats, distension of the esophagus at 8 cm from the CP
activated the CP, i.e., EUCR, and esophagus above the stimulus, i.e., EECR, with 14
mmHg balloon pressure, but after HCl (0.1N) exposure, the balloon pressure needed to
activate both EUCR and EECR was significantly elevated until the point of no response
(NR) after 45 min of HCl exposure [13].
Shortly after acidic fluid infusion into the esophagus, spontaneous repetitive activation of the
EUCR and EECR [10, 14] occurs in the striated muscle portion of the esophagus (Figure 4). This
repetitive activation of the EUCR and EECR occurs more frequently when the acid is applied to the
striated muscle portion of the esophagus [10]. This effect decreases with long term exposure of
the esophagus to acid [10, 14]. We hereby hypothesize that this response is caused by
sensitization and activation of highly sensitive mechanoreceptors. The repetitive nature of this
response can be attributed to repetitive flushing of the cervical esophagus by activation of EUCR
and EECR because simultaneous contraction of the cervical esophagus along with the closure of
the UES moves luminal contents distally without activation of peristalsis. This repeated activation
of EUCR and EECR may serve a significant anti-reflux function. The advantage of this protective
response is that it does not require a UES opening that always occurs during swallowing [15] and is
sometimes preceded by inspiration that occurs at the beginning of swallowing [16]. Inspiration
with acid during swallowing in the cervical esophagus could lead to aspiration of acid. Therefore, it
can be concluded that when acid is in the cervical esophagus, repetitive activation of EUCR and
EECR is the most effective and safest way to remove this acid.

Page 4/35

OBM Hepatology and Gastroenterology 2020; 4(4), doi:10.21926/obm.hg.2004052

Figure 4 Effect of chemical stimulation of the esophagus on EECR and esophageal
peristalsis. The infusion of NaCl repetitively activates esophageal peristalsis in the
decerebrate cat that propagates the entire length of the esophagus. On the other hand,
HCl infusion repetitively activates the EECR, which did not propagate. TP,
thyropharyngeus; CP, cricopharyngeus; E#, EMG of the esophagus # cm from the CP;
M#, esophageal manometry # cm from the UES.
The EECR appears similar to esophageal peristalsis [10, 14] of the proximal esophagus, but
these responses are very different because esophageal peristalsis propagates and the EECR does
not, and the EECR involves activation of the TP whereas esophageal peristalsis does not (Figure 4).
These responses appear similar because of the rapid propagation velocity of peristalsis in the
proximal esophagus, making both responses to appear simultaneous. Although EECR was first
identified and described in human studies [6], subsequent studies on EECR were inadequate. This
lack of investigation may have led to some misconceptions in more recent human studies. It has
been observed that an esophageal response that looks like peristalsis occasionally seems to stop
before complete esophageal transit, indicating inhibition in the progression of this peristalsis [14].
However, it is more likely that this response was EECR, not esophageal peristalsis, as there was no
propagation or inhibition. Further studies are suggested to unravel the mechanism of the EECR,
especially on humans, to arrive at conclusive evidence.
A new reflex associated with EECR has recently been described [10]. When the EECR of the
smooth muscle from the esophagus is activated, it inhibits activation of the striated muscle EECR
through a neural pathway involving both the ENS and CNS (Figure 5). It is hypothesized that this
inhibitory response from the smooth muscle in the esophagus is important during small gastroesophageal reflux (GER) events. Under these conditions, the EECR of the striated muscle of the
esophagus is not necessitated as this bolus can be better removed by esophageal peristalsis.
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Figure 5 The effect of Hexamethonium (Hex) on EECR in the decerebrate cat. Graphs
under B show that Hex administration increased the magnitude of the EECR of the
striated muscle esophagus activated by distension of the smooth muscle esophagus,
indicating that an inhibitory reflex mediated by ganglionic transmission from the
smooth muscle esophagus was blocked. Hex exposure also blocked the EECR of the
smooth muscle esophagus activated by its distension, indicating that the EECR of
smooth muscle esophagus is mediated by the ENS. The numbers on the left side of the
graphs indicate the distance of the stimulating balloon from the CP. The distal onethird of the cat esophagus is the smooth muscle. Graph A lists the effects of
transecting the pharyngo-esophageal nerve (PEN) on EECR. The PEN is a branch of the
vagus nerve, which innervates the proximal esophagus and UES in animals. The
location of the responses after control and Hex administration are shown separately
under part A & B.
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2.1.2 Function
The EUCR closes the UES [6, 7, 11, 12, 14], and the EECR strongly contracts the upper part of
the esophagus just below the UES in response to distension of the esophagus. It suggests that
both the EUCR and EECR may prevent esophago-pharyngeal reflux (EPR).
The EUCR and EECR display some striking similarities in functions in respect of secondary
peristalsis. Types of stimuli that activate EUCR and EECR also activate secondary peristalsis.
However, there must be certain situations in which EUCR/EECR is preferred over the secondary
peristalsis, and mechanisms to make this distinction happen must be present. While EUCR/EECR
and secondary peristalsis are activated by slow mechanical stimulation of the esophagus, different
receptors mediate each response. The EUCR and EECR are activated by stimulation of slowlyadapting muscular tension receptors while secondary peristalsis is activated by stimulation of the
tension/mucosal (T/M) receptors [9, 10]. The muscular tension receptors are less sensitive than
the T/M receptors. Hence, EUCR and EECR require greater esophageal stimuli for activating
esophageal peristalsis. Another possible difference between activation of EUCR/EECR and
esophageal peristalsis is the rapidity and consistency of the response. The EUCR and EECR are
activated in a one-to-one fashion with the response at a very short time delay from the stimulus [9,
10]. On the other hand, esophageal peristalsis is activated in a probabilistic [6] manner so that the
time delay from stimulus to response is more variable and slower than the delays during activation
of the EUCR and EECR.
Another important issue regarding the function of EUCR and EECR compared to esophageal
peristalsis, especially in humans, is the difference between smooth and striated muscle esophagus.
In humans, distending stimuli of the striated muscle portion of the esophagus at 6 cm from the
UES and above do not elicit esophageal peristalsis [7]. On the other hand, strong balloon
distension of the smooth muscle esophagus activates EUCR and EECR above the stimulus and
esophageal peristalsis below the stimulus, when the distension is released [17, 18]. More fluid
infusion into the smooth muscle esophagus regularly activates esophageal peristalsis, but in a
probabilistic manner [6]. Therefore, it may be concluded that in situations requiring an immediate
and definite response to prevent EPR, the EUCR and EECR are activated rather than esophageal
peristalsis.
2.1.3 Receptors
Mechanoreceptors of the esophagus are found in the mucosal [19-24], muscular [21, 23-27],
and serosal [23] layers. Earlier studies have found that intraluminal lidocaine administration or
surgical removal of the mucosa and submucosa blocked some esophageal reflexes, but not the
EUCR [9]. Therefore, the mechanoreceptors mediating the EUCR lie probably in the muscular layer
of the esophagus, and the only identified mechanoreceptors of the muscular layer of the
esophagus are the slowly adapting tension receptors [21, 23-28]. This conclusion is also supported
by the observation that the EUCR response is directly related to the stimulus in time and
magnitude [6, 9], which are characteristics of vagal afferent responses to stimulation of
esophageal slowly adapting tension receptors [21, 23-28]. The receptors mediating the EECR have
not been investigated yet, but it appears that they may resemble the receptors mediating the
EUCR.
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2.1.4 Innervation
The motor and sensory innervation of the EUCR and EECR are evaluated separately because the
motor innervation of the UES differs between humans [29] and animals [30-32], and has different
quantities of smooth and striated muscles in the esophagus. Regardless of these differences, both
are vago-vagal reflexes.
2.1.4.1 EUCR. The thoracic vagus nerve is the afferent nerve of the EUCR generated from the
thoracic esophagus [9, 10, 33, 34]. The afferent nerve of the EUCR generated from the proximal
thoracic, and distal cervical esophagus is the caudally-directed recurrent laryngeal nerve (RLN), a
branch of the thoracic vagus nerve [33, 35, 36]. The afferent innervation of the EUCR generated
from the cervical esophagus is the cervical branch of the RLN [33, 37], which joins the superior
laryngeal nerve [SLN], vagus nerve, and nodose ganglion neurons [29, 37]. This afferent
innervation of the EUCR is corroborated by physiological studies that found that transection of the
SLN blocked the EUCR generated from the cervical esophagus, and transection of the caudally
directed RLN blocked the EUCR generated from the proximal thoracic esophagus [33].
The efferent innervation of the EUCR, i.e., the motor nerve of the UES, differs between humans
and animals. In humans, the efferents of the EUCR are probably located in the cervical branch of
the RLN [38-40]; however, there is no conclusive study defining the motor innervation of the UES
in humans. Transection of the pharyngo-esophageal nerve (PEN) in animals reportedly blocks the
EUCR activation from all regions of the esophagus [10]. Therefore, the efferents of the EUCR are in
the PEN, a motor nerve of the UES [41, 42], and a branch of the vagus nerve [41].
2.1.4.2 EECR. The afferents of the EECR in animals [10], and probably also in humans, are the
same as the afferents of the EUCR, as mentioned. The efferent innervation of the EECR of the
cervical esophagus, like the EUCR, is the motor nerve of that portion of the esophagus, which is
the PEN in animals [10] and RLN [38-40] in humans. The efferent innervation of the remainder of
the EECR in both humans and animals is the motor innervation of the remainder of the esophagus
[29, 30], which is the RLN and vagus nerve.
2.1.5 Neural Control Mechanisms
As both EUCR and EECR are mediated by afferents and efferents of the vagus nerves [9, 10],
these reflexes must be mediated by the CNS. The EUCR can be activated in a decerebrate animal
[9]; therefore, suprabulbar nuclei are not directly involved in the control of these reflexes.
Previous studies [43] have established that stimulation of the EUCR activates several medullary
nuclei (as shown in Figure 6): central, dorsolateral, and ventrolateral subnuclei of the nucleus
tractus solitarius (NTS), the central and rostral subnuclei of the dorsal motor nucleus (DMN), and
the rostral subnucleus of the nucleus ambiguus (NA). Considering the similarity in the innervation
and function of the EECR with the EUCR, it is likely that the EECR is mediated by the same brain
stem nuclei as the EUCR.
There is one significant difference in the neural control mechanism between EUCR and EECR.
The afferents of the EECR from the smooth, not the striated muscle portion of the esophagus,
synapse in the enteric nervous system (ENS) before projecting to the brain stem through the vagus
nerves [10].
Page 8/35

OBM Hepatology and Gastroenterology 2020; 4(4), doi:10.21926/obm.hg.2004052

Figure 6 Effects of slow or rapid distension of esophagus on activation of brainstem
nuclei. Stimulation of EUCR/EECR by slow distension or EURR by rapid distension
activated the shaded nuclei in these brain slice images [43]. DMN, dorsal motor
nucleus; AP, area postrema; XII, hypoglossal nucleus; NA, nucleus ambiguus; VN,
trigeminal nucleus; IV, fourth ventricle; RFN, retro facial nucleus; LRN, lateral reticular
nucleus; TS, tractus solitarius; NTS nucleus tractus solitarius subnuclei: M, medial; dm,
dorsomedial; ce, central; dl, dorsolateral; v, ventral; vl, ventrolateral; vm, ventromedial;
v, ventral; is, interstitial; im, intermediate.
2.1.6 Dysfunction
Acute low dose acid exposure of the esophagus in normal humans causes increased
sensitization to activate the EUCR [44], but patients with supra-esophageal reflux disease (SERD)
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show decreased sensitization to activate EUCR [14]. These results testify that while short term
esophageal acid exposure sensitizes EUCR, thereby increasing protection against SER; this
protective effect may be diminished with longer-term esophageal acid exposure leading to SERD.
Animal studies have confirmed that acute high doses or repeated chronic exposure of the
esophagus to acid desensitize it for activation of the EUCR [13]. Therefore, this differential effect
of esophageal acid exposure on EUCR concludes that GERD or SERD can occur independently of
the other condition.
Acute esophageal acid exposure of the esophagus in animals has not been shown to increase
the sensitization of EUCR [13], and in humans has not been found to decrease the sensitization of
EUCR [44]. These failures in both cases may be due to dose effects. In humans, the dose may have
been too low to inhibit the EUCR, and in animals may have been disproportionately high to
sensitize the EUCR. This was suggested by experimental studies [44], since the excitatory effect of
acid exposure on the EUCR was very small in humans, and the dose used in animals [13] was larger
than that used in humans [44].
The role of EECR in GERD or SERD has not been much investigated; however, both GERD &
SERD seem to be triggered by EECR like reflexes as these reflexes are probably part of the same
reflex response. Also, the inhibition of the striated muscle EECR by the smooth muscle EECR may
play a role in reflux diseases. If GER causes inhibition of the smooth muscle EECR, it may also
decrease the inhibition of the striated muscle EECR. Therefore, under these conditions, the
function of the striated muscle EECR is sensitized to assist in preventing reflux into the striated
muscle esophagus and SER.
2.2 EURR: Esophago-UES Relaxation Reflex
2.2.1 Stimulus and Response
Previous studies have shown that rapid injection of air into the esophagus causes relaxation of
the UES in humans [45-48]. Animal studies [9] have found that rapid injection of small amounts of
air directed locally at right angles to the esophageal mucosa at any level of the esophagus (Figure
1) inhibit EMG activity of the cricopharyngeus muscle, the main muscle of the UES [49]. The EURR
has been found to be an important subreflex of belching [4].
In contrast to the EUCR and EECR, esophageal acid exposure significantly sensitizes the
mechanoreceptors to activation of EURR before the acid desensitizes the receptors [13]. This
sensitization was observed acutely and chronically (Figure 7). Besides, chronic exposure of the
esophagus to acid increased the incidence of spontaneous activation of the EURR (Figure 8), which
may have a role in GER as mentioned here below.
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Figure 7 Comparison of the effects of chronic acid exposure of the esophagus on EUCR
and EURR to slow and rapid air. Chronic daily 15-min exposure of the esophagus to 0.1
N HCl inhibits activation of the EUCR but sensitizes the activation of EURR. The figure
shows that on day 4, EUCR response to slow air is poor but EURR response to rapid air
is very high.

Figure 8 Effect of chronic exposure of the esophagus to HCl on the spontaneous
occurrence of the EURR. After four days of 15-min daily HCL exposure in chronically
instrumented cats, the incidence of spontaneous occurrence of the EURR showed a
significant increase.
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2.2.2 Function
EURR (Figure 4) opens the UES to allow air from the stomach to be expelled through the
esophagus (Figure 1). The EURR is the primary subreflex [50, 51] of the belch response (Figure 9).

Figure 9 EURR during belch and swallowing. This figure depicts the responses of eight
muscles during a spontaneous belch in a chronically instrumented dog. The belch is
associated with simultaneous activation of thyrohyoideus (TH), stylopharyngeus (StP)
muscles; and with the relaxation of the CP, Eso-C-4, and sternothyroideus (STh)
muscles. These actions probably elevate the larynx and open the UES. GH,
geniohyoideus; CP, cricopharyngeus; Eso-C-4; cervical esophagus 4 cm from the CP; CT,
cricothyroideus; DD, diaphragmatic dome.
EURR can occur without activation of a full belch response [9, 52] and may also function to
allow EPR. One such reflex response is the supragastric belch (SGB) response [Figure 10], which
occurs in some GERD patients. SGB indicates a situation in which “air rapidly enters the esophagus
from above followed by rapid expulsion of the air before it has reached the stomach" [53]. Initially,
it was thought that this was a voluntary response [53-55], but recent studies [49] suggest that this
may be a learned reflex response. It was observed in studies on decerebrate cats that rapid
distention of the esophagus with a balloon could trigger an inhalation response that is
immediately followed by activation of the EURR and release of air out of the esophagus and
mouth [56]. The thoracic esophagus showed greater sensitivity to this reflex response than the
cervical esophagus, and this response was sensitized by the exposure of the esophagus to acids
[56]. All subreflexes of the SGB were blocked by vagotomy [56]. Local anesthesia of the
esophageal mucosa blocked EURR, but could not trigger reflex activation of inhalation [56]. It is
hypothesized that patients with a large number of GER that activate SGB over time learn to
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voluntarily initiate the SGB by rapid inhalation. Overall, belching can be learned [55], and
swallowing is a digestive tract reflex response [54-56] that is activated voluntarily [57].

Figure 10 Supragastric belch (SGB) showing spontaneous respiration and inhalation,
esophageal distension, and EMG reflexes of three muscles: TH, TP, and CP. Rapid
distension of the esophagus in a decerebrate cat activated both the EURR and rapid
inhalation similar to the SGB. This figure demonstrates that the SGB can be activated
by esophageal reflexes.TH, thyrohyoideus; TP, thyropharyngeus; CP, cricopharyngeus.
2.2.3 Receptors
Several studies have documented that mucosal application of local anesthesia or surgical
removal of the mucosal/submucosal layer of the esophagus blocks EURR, and not EUCR [9],
suggesting the presence of EURR, which is the mediating receptors in the mucosa or submucosa of
the esophagus. The esophageal mucosa contains rapidly-adapting tension receptors [20-24], which
exhibit characteristics to trigger EURR. These receptors are activated by rapid tension of the
esophageal mucosa, and the responses are maximum at the very beginning and the end stage of
the stimulus, not in the middle of the stimulus. Therefore, it is highly likely that the rapidlyadapting mucosal receptors of the esophagus mediate the EURR.
2.2.4 Innervation
The EURR is blocked by cervical vagotomy in animals [6]. Pharyngoesophageal nerve (PEN) is
the efferent nerve of the UES in animals [41, 42, 58], and the vagus nerve is the afferent nerve
involved in EURR. Since the recurrent laryngeal nerve (RLN), also known as the inferior laryngeal
nerve (ILN) and a branch of the cervical vagus nerve, mediates efferent innervation of the UES in
humans [38-40], the afferents and efferents mediating the EURR in humans are located in the
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vagus nerve. As described previously, the cervical esophageal afferents reside in the cervical RLN,
which feeds into the SLN and the vagus nerve. The afferent pathway for the EURR activated from
the thoracic esophagus is also through this route as SLN transection blocks the EURR [33].
2.2.5 Neural Control Mechanism
The brain stem nuclei in decerebrate cats mediating the EURR were identified by measuring cfos protein activation after repeated stimulation of the EURR [43]. One study revealed (Figure 6)
that the EURR is mediated by the cranial dorsal, intermediate, interstitial, dorsomedial, and
ventrolateral subnuclei of the NT; caudal and rostral subnuclei of the NA; ventrolateral subnucleus
of the DMN; and the area postrema (AP). While suprabulbar nuclei may alter the EURR, the basic
reflex is mediated by these brain stem nuclei because the EURR is not significantly altered after
decerebration [9].
The AP is one of the strongest nuclei, activated during the belching [43] mechanism, and is also
significantly activated during vomiting [59]. Both vomiting and belching are digestive tract reflux
functions; therefore, the AP may have unique and similar roles in the reflux function for vomiting
and belching. Although lesions of the AP block emesis [60, 61], studies have found that the
Botzinger nucleus contains nuclei controlling the motor events of emesis [62, 63]. Therefore, the
AP may not be the motor nucleus for emesis and belching. Some studies have shown that
stimulation of the AP inhibits the digestive tract function [64, 65]. So, in this review, it is
hypothesized that the AP plays a role to inhibit the normal orthograde and anti-reflux reflexes that
counter the reflux functions of vomiting and belching. Further studies are needed to confirm this
hypothesis.
2.2.6 Dysfunction
Considering that the EURR removes the esophago-pharyngeal barrier to reflux, it is possible
that increasing the sensitization of the EURR could lead to EPR. Several studies [13] have shown
that short-term acid exposure of the esophagus enhances the sensitivity to activate the EURR.
Clinical studies [14] have found that the EURR in SERD patients gets sensitized. Therefore, gastroesophageal acid reflux (GERD) may trigger EPR by sensitizing the esophagus to activate the EURR.
Besides, the EURR is desensitized with longer-term esophageal acid exposure in animals [13]. The
patients with SERD display decreased sensitivity to activation of the EURR [14]. Further studies are
suggested to evaluate the role of EURR in SERD.
2.3 Pharyngo-UES Contractile Reflex (PUCR)
2.3.1 Stimulus and Response
Rapid stimulation of the pharynx in humans with small amounts of fluids causes a significant
increase in UES tone [66, 67]. Similarly, in decerebrate cats, touch or pressure on the pharyngeal
mucosa of the naso-, laryngo-, or hypopharynx increases EMG activity of the cricopharyngeus
muscle [68]. The hypopharynx is the most sensitive portion of the pharynx for activating PUCR as
shown in Figure 11.
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Figure 11 The pharyngo-UES contractile reflex (PUCR). This figure shows that mild
tension of the pharyngeal mucosa at different locations indicated reflex activation of
the CP in a decerebrate cat. Tension in all areas of the pharynx activated the CP, but
naso-and hypo-pharynx were the most sensitive. CP-EMG, electromyographical
recording of the cricopharyngeus muscle.
2.3.2 Function
There is no known function of the PUCR, but it has been theorized that the PUCR plays a role in
preventing further SER after an initial SER episode [66, 67]. Further studies are required to validate
this hypothesis.
2.3.3 Receptors
It remains poorly understood which specific receptors mediate the PUCR. PUCR can be
activated by a slight touch of the pharyngeal mucosa and can be blocked by applying local
anesthesia on the pharyngeal mucosa; therefore, it is likely that the receptors enabling PUCR are
mucosal tension receptors of the pharynx [68].
2.3.4 Innervation
The PUCR was blocked by cutting the glossopharyngeal nerve (GPN) or PEN in decerebrate cats
[68]. Since the PEN is the motor nerve of the UES in animals [41, 42], the GPN may be the sensory
nerve for this reflex. The motor nerve of the PUCR is the motor nerve of the UES (called PEN in
animals [41, 42] and RLN in humans [38-40]).
2.3.5 Neural Control Mechanism
Since PUCR is mediated by the vagus nerve [38-42], it could be controlled by CNS nuclei.
Further, as PUCR is not blocked by decerebration [68], it might be controlled by brain stem nuclei.
However, the nuclei controlling the PUCR remain unexplored as the CNS control of the PUCR has
not been studied.
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2.3.6 Dysfunction
The effects of PUCR dysfunction are poorly understood, but the PUCR is inhibited in posterior
laryngitis patients [44]. It is hypothesized that this inhibition of PUCR is due to alteration in the
GPN, the sensory nerve for the PUCR [68]. However, the functional deficit caused by this inhibition
needs to be further studied due to poor knowledge about them.
3. Esophageal Reflexes
3.1 EPSR: Esophagus Activated Pharyngeal Swallow Response
3.1.1 Stimulus and Response
The EPSR is the activation of the pharyngeal phase of swallowing due to stimulation of the
esophagus (Figure 12) that readily occurs in infant humans [69, 70] and animals [56], but not in
adult humans [7, 71]. The EPSR occurs in a probabilistic manner similar to secondary peristalsis.
There is no one-to-one stimulus to response relationship of EPSR as with most other esophageal
reflexes [9]. The EPSR is triggered by chance depending on the amount of distension, length of the
distension in the esophagus, and the location of the stimulus in the esophagus [56]. The EPSR
occurs in cats with an optimum increase when the esophagus is distended 80% above basal
diameter. The larger the length of the stimulus the better it is for the reflex and the optimum
location of EPSR is, when the stimulus is closest to the UES [56]. The stimulus can be either a slow
square wave or ramp style distension (Figure 12). The EPSR can also be activated by acid
stimulation of the esophagus, particularly in the thoracic esophagus (Figure 13 [56]).

Figure 12 Mechanism of the esophagus-stimulated swallow response (EPSR). This
figure shows that slow or rapid distension of the cervical or proximal thoracic
esophagus in a decerebrate cat activates EUCR followed by the pharyngeal swallow
(EPSR). While the EUCR occurs at some delay after attaining threshold pressure, the
EPSR occurs randomly. During slow distension, the EPSR occurred during the stimulus,
but with rapid stimulation, it occurred immediately after removal of the stimulus. On
the right in the above figure, nerves in EPSR are depicted. TH, thyrohyoideus; CP,
cricopharyngeus; E#, esophagus # cm from the CP.
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Figure 13 The effect of HCl infusion on activation of EPSR. This figure shows that while
the infusion of PBS into the entire esophagus in a decerebrate cat had a minimal effect
on the activation of EPSR, HCl infusion into the thoracic esophagus strongly activated
EPSR. GH, geniohyoideus; TH, thyrohyoideus; CP, cricopharyngeus.
3.1.2 Function
The primary function of the EPSR is to prevent SER by clearing the pharynx and the esophagus.
The effects of EPSR serve a more important function in human infants and animals than human
adults because of their anatomical and physiological differences [56, 72-74]. In adult humans, the
larynx has descended placing it further away from the larynx than in infant humans or animals [56,
72-74]. If GER were to occur in a human infant or animal such that the refluxate approaches the
UES and threatens SER, a pharyngeal swallow would be a safer response than secondary peristalsis
as their pharynx is close to the larynx and has a smaller capacity [56, 72-74]. Infant humans, in
particular, often have significant GER that approaches the UES and triggers SER.
3.1.3 Receptors
The EPSR is blocked by local anesthesia of the esophageal mucosa, and it can be activated by
afferent stimulation of the RLN just caudal to the cricoid cartilage (RLNc [56]). Considering that 1)
local anesthesia of the mucosa does not block EUCR [9], 2) the EPSR is activated by slow tension
applied to the esophageal lumen [56], 3) the EPSR is sensitized by acid application to the
esophageal mucosa [56], and 4) no other esophageal reflexes are activated by afferent stimulation
of the RLNc [56], it is concluded that the receptors mediating the EPSR are the esophageal
tension/mucosal (T/M) receptors [21].
3.1.4 Innervation
As discussed above, the afferent innervation of the EPSR is the RLNc, which connects to the SLN
before the SLN merges with the vagus nerve, and the efferents are the usual efferent innervations
involved in the pharyngeal swallow [41, 75, 76].
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Figure 14 Graph showing the number of neurons activated during different phases of
swallowing. Different phases activate different sets of neurons in NTS subnuclei in the
brain stem [78]. See Figure 6 for definition of symbol.
3.1.5 Neural Control Mechanisms
EPSR can occur in a decerebrate animal/cat and requires activation of vagal afferent (RLNp) [56];
therefore, it could be generated by the brain stem. The EPSR response is simply the pharyngeal
swallow. Hence, the motor control of the EPSR is probably in the same nuclei that control the
pharyngeal swallow activated by other sensory stimuli [77, 78]. The unique aspect of the EPSR is
that it involves only the pharyngeal phase of swallowing whereas other stimuli tend to activate the
entire swallowing process [76, 77]. This finding corroborates other observations in previous
studies [78] that established that the pharyngeal and esophageal phases of swallowing are distinct
and are mediated by different sets of brain stem nuclei (Figure 14).
3.1.6 Dysfunction
Although there are no known dysfunctions of the EPSR, studies on decerebrate cats [79] have
shown that the sensitivity to activation of the EPSR is heightened in a supine body position (Figure
15). In sudden infant death syndrome (SIDS), a disorder unique to infants, an increased incidence
of infants in the prone position was observed [80-82]. One of the hypothesized causes of SIDS is
laryngeal chemoreflex-induced apnea due to supra-esophageal reflux of acid [83]. Since the
pharynx is closer to the larynx and is smaller in human infants due to the lack of laryngeal descent
[69, 72, 74], the EPR in the infant humans is more likely to have laryngeal reflux. The EPSR is a safe
and effective tool for emptying the pharynx; therefore, it is highly beneficial for human infants and
animals to have the EPSR. Since placing animals in the supine position sensitizes activation of the
EPSR [79], it could prevent EPR of acid from contacting the larynx and causing apnea and SIDS.
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Figure 15 The effect of body position on activation of EPSR. The figures demonstrate
that activation of the EPSR is more sensitive in the supine than prone position (in
cervical), regardless of the stimulus employed [79].
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3.2 Esophageal Inhibition: Pharyngo-Esophageal Inhibitory Reflex
3.2.1 Stimulus and Response
Mechanical stimulation of the pharynx using fluid or air inhibits further progression of
esophageal peristalsis [67, 84-91].
3.2.2 Function
The role of peristalsis is to empty the esophagus of intraluminal contents. However, to activate
esophageal peristalsis, ongoing motor activity of the esophagus must be stopped in order to
prevent obstruction of the flow of intraluminal contents. This function is performed by the
pharyngo-esophageal inhibitory reflex (PEIR).
3.2.3 Receptors
The PEIR [67, 84-91] is activated by minute quantities of water in the pharynx. So, the initiating
receptors can be pharyngeal, mucosal tension receptors.
3.2.4 Innervation
The afferent innervation of the PEIR is probably the GPN [68, 91]. The efferents of the PEIR
depend on the muscle type. The PEIR afferents likely inhibit the brain stem motor control of the
striated muscle esophagus to inhibit striated muscle esophageal motor activity. On the other hand,
the PEIR efferents to the smooth muscle are probably vagal inhibitory neurons.
3.2.5 Neural Control Mechanisms
As the PEIR probably requires GPN afferents [68, 91] and functions in decerebrate animals [91],
it might be controlled by the brain stem. However, more studies are warranted to validate this
hypothesis.
3.2.6 Dysfunction
Without PEIR, the transport of esophageal contents may be significantly hampered, but such
disorders have not been reported so far in the literature. There is a need for further studies to
determine the disorders of esophageal peristalsis and understand the role of dysfunction of the
PEIR in these disorders.
3.3 EGCR: Esophago-Glottal Closure Reflex
3.3.1 Stimulus and Response
Stimulation of the esophagus causes glottal closure in humans in the same manner as the
esophagus activates belching [92-94] and activates the thyroarytenoideus and cricothyroideus
muscles (Figure 16) in the decerebrate cat [94].
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Figure 16 The esophago-glottal contractile reflex (EGCR). This figure depicts the
pharyngeal and laryngeal responses during a spontaneous belch in a chronically
instrumented awake dog [51]. The belch is associated with the inhibition of CP EMG,
but also with strong activation of the TA, the primary muscle closing the glottis. The
different muscles (on the right side) involved in the swallowing mechanism are shown
in the figure. HP, hyopharyngeus; TP, thyropharyngeus (called inferior pharyngeal
constrictor [IPC] in humans); CP, cricopharyngeus; STh, sternothyroideus; CD,
cricoarytenoid dorsalis; TA, thyroarytenoideus; CT, cricothyroideus.
3.3.2 Function
The EGCR initiates closure of the larynx to prevent aspiration. EGCR is one of the primary
subreflexes of the belch response [92, 93].
3.3.3 Receptors
The receptors that mediate the EGCR appear similar to those which mediate the EURR, i.e., the
rapidly adapting tension receptors of the esophageal mucosa [6]. This hypothesis is based on the
finding that in some studies [9] the removal of esophageal mucosa and submucosa or luminal
application of lidocaine blocked the EURR and also the EGCR, i.e., activation of the
thyroarytenoideus muscle during belching.
3.3.4 Innervation
The afferent nerve for the EGCR is the same as the EURR, which are vagal afferents through the
RLN, SLN, and nodose ganglion [9, 38-40]. The efferent nerve is the motor nerve for the laryngeal
muscles, which is the SLN [29] for all except for the cricothyroideus that is mediated by the RLN
[29-31].
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3.3.5 Neural Control Mechanism
The brainstem is the control center of the EGCR because the EGCR is mediated by vago-vagal
innervation and is not blocked by decerebration [9]. Since the EGCR is a subset of the belch
responses as in the EURR, it may be mediated by the same brainstem nuclei as are mediated by
the EURR (as shown in Figure 16).
3.3.6 Dysfunction
The dysfunction of the EGCR has not yet been reported in the literature.
3.4 Esophago-Airway Reflex Responses
3.4.1 Stimulus and Response
Acid stimulation of the esophagus activates three airway responses, which are part of one
functional process [95]. Esophageal acid exposure decreases bronchial diameters of the smaller
low-resistance airways (Figure 17), decreases tracheal mucociliary transport, and increases
tracheobronchial mucus secretion (Figure 18). Tracheal mucociliary transport is significantly
affected by the level of mucus lining the airway; therefore, the decrease in mucociliary transport
may be due to the increase in mucus output. In this process, only two reflex responses: the
increase in tracheal mucus output and constriction of the smaller diameter airways get activated.
The mucus response consists of neutral mucosubstances secreted by the apocrine glands [96].

Figure 17 Effect of esophageal acid exposure on airway diameter. The average change
in the diameter of four different sized airways as a percentage of control during
change from 0.1 m PBS to 0.1 N HCl and back is shown on Y-axis [95].
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Figure 18 Effect of esophageal acid exposure on mucus output from the
tracheobronchial tree. Hexosamine output was used as a measure of mucus secretion
[95].
3.4.2 Function
The primary function of the esophago-airway reflex responses is airway protection from the
microaspiration of gastro-esophageal acid reflux. The secretion of mucus neutralizes the HCl and
inhibits mucociliary transport. It can be hypothesized that airway constriction assists in the rapid
secretion of mucus as muscle contraction causes apocrine secretion. Besides, airway constriction
increases the effectiveness of coughing while not affecting lung resistance or compliance.
Coughing through narrower airways increases the airflow velocity thereby facilitating the removal
of the acid from the airway [95].
3.4.3 Receptors
The esophageal receptors mediating the airway responses remain underinvestigated. As the
stimulus is luminal acid, it is hypothesized that the receptors may be mucosal chemoreceptors.
3.4.4 Innervation
Evidence suggests that the reflexes controlling the two different responses have different
neural innervation. The airway constriction response is blocked by vagotomy and atropine and is
mediated by a vagal cholinergic pathway [96]. On the other hand, the mucus response is blocked
by atropine, but not through vagotomy. Besides, the airway closest to the acid-exposed esophagus
has a much greater mucus and mucociliary response [96]. Considering that a direct neural
pathway from the esophagus to the airway exits [97], it can be hypothesized that the airway
mucus response is mediated by this local neural pathway.
3.4.5 Neural Control Mechanisms
The airway muscle response to esophageal acidification is mediated by the vagus nerve and is
thus regulated by the CNS, but the specific nuclei involved are unknown. On the other hand, the
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mucus response to esophageal acidification is probably mediated by a direct pathway through the
tracheal ganglia [96, 97] as part of the innate mucosal defense system of the airway [98].
3.4.6 Dysfunction
The reason for the dysfunction of the innate mucosal defense system remains undetermined,
but it appears that the innate mucosal defense system may play some role in asthma [99].
3.5 Reverse Peristalsis
3.5.1 Stimulus and Response
Rapid distension of the esophagus that stimulates belching also activates reverse peristalsis [50,
51] of the striated muscle esophagus (Figure 19). This mechanism has been documented only in
animal studies, though it also occurs in humans. However, it probably has not been recorded in
humans because of the short length of the striated muscle esophagus and very few studies on the
human striated muscle esophagus have been conducted. More clarity is needed on whether this
reverse peristalsis occurs due to reasons other than as part of belching. As other subreflexes occur
independently of belching, this subreflex may occur independently of belching.

Figure 19 Reverse peristalsis. This figure shows the responses of the esophagus during
the spontaneous belch in a chronically instrumented awake dog [51]. In the middle of
LES relaxation, the diaphragm dome contracts, followed by a wave of activation of the
esophagus, which begins at the LES and rapidly progresses to the cervical esophagus.
This wave however does not continue to the CP. The entire esophagus of the dog is
striated muscle. All recordings are EMG but the LES, which is a recording of tension
from an implanted strain gauge (SG). TP, thyropharyngeus; CP, cricopharyngeus; EsoC/T-#; cervical or thoracic esophagus # cm from the CP. LES, lower esophageal
sphincter; DD, diaphragmatic dome.
3.5.2 Function
The function of reverse peristalsis is to help move the esophageal contents orally (Figure 19).
This response has been observed only in carnivores during belching and in the ruminants during
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rumination, though it may occur in humans as well. Studies have failed to unravel why reverse
peristalsis occurs in the striated muscle esophagus. One possible reason may be the relatively
longer length of the esophagus in animals compared to in humans. As the esophagus in animals
(cats/dogs, etc.) is longer than in humans, it may require the added aboral effect of reverse
peristalsis to move esophageal contents to the oral cavity.
Reverse peristalsis of the long striated muscle esophagus may play a prominent function in
animals. Such functions are redundant in humans. Ruminants need this mechanism for proper
rumination. Wild carnivores need not make unnecessary and unexpected noises for their selfprotection, which could expose them to their prey or prevent them from being preyed upon.
Belching that requires a significant push of air from the stomach to the esophagus can cause a
loud noise as observed in humans also. This situation is absent in carnivores as they require only a
small push of air as the primary reflux motion is produced by reverse peristalsis. Belching is often
distinctly heard in humans, not in animals, even though animals also belch [50].
3.5.3 Receptors
The receptors for activation of reverse peristalsis have not been identified yet but they may be
the same receptors that mediate the belch response, i.e., the mucosal rapidly adapting tension
receptors.
3.5.4 Innervation
The nature of the afferents and efferents of the reverse peristalsis remains uninvestigated, but
vago-vagal reflex may be similar to afferents and efferents of the reverse peristalsis.
3.5.5 Nervous System Mechanism
It remains unexplored how CNS nuclei regulate reverse peristalsis. As in the case of other
subreflexes of the belch, such peristalsis may be mediated by the brain stem nuclei as revealed by
c-fos activation in response to stimulation of the esophagus that had activated the EURR [43].
3.5.6 Dysfunction
There are no known conditions arising from dysfunction of reverse peristalsis
4 Lower Esophageal Sphincter Reflexes
4.1 LES Inhibition: Pharyngo-LES Inhibitory Reflex (PLIR) and Esophago-LES Inhibitory Reflex
(ELIR).
4.1.1 Stimulus and Response
The esophageal peristaltic wave causes contraction of the longitudinal muscle of the esophagus,
which stretches the esophagus distal to the peristaltic wave and this longitudinal stretch causes
relaxation of the LES, i.e., the esophago-LES Inhibitory reflex (ELIR) [100-102]. The ELIR can be
activated independently of peristalsis by mild esophageal distension, which activates longitudinal
tension of the distal esophagus and causes LES relaxation [103-105]. In the PLIR, pharyngeal
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stimulation causes contraction of the esophageal longitudinal muscle, which, as in peristalsis or
ELIR, relaxes the LES [106-108]. Although this review has discussed only the reflexes activated by
esophageal stimulation or esophageal responses activated by reflexes activated from other organs,
it should be recognized that the crural diaphragm is involved in the function of the LES [104, 109].
The intraluminal pressure of the esophagus within the LES is also affected by contractions of the
crural diaphragm, and the crural diaphragm participates in the function of the LES [109]. However,
a difference in the role of the crural diaphragm in the PLIR versus ELIR can be noticed. The crural
diaphragm is activated during the ELIR [103, 104] but not the PLIR [108], although the mechanism
of this difference remains poorly understood.
4.1.2 Function
During the progression of esophageal peristalsis, the PLIR and ELIR cause LES relaxation. While
the PLIR initiates LES relaxation, the ELIR ensures that the LES remains relaxed throughout the
entire peristaltic process.
4.1.3 Receptors
The PLIR [106-108] is activated by small amounts of water in the pharynx. Hence, it is likely that
the initiating receptors are pharyngeal mucosal tension receptors. On the other hand, the ELIR
initiating receptors are probably muscular tension receptors of the esophagus as the response
requires balloon distension of the esophagus [103-104]. This difference in receptor types may
explain why the PLIR does not affect the crural diaphragm, but the ELIR does. Further studies are
suggested to define this difference. It has been hypothesized that the receptors responsible for
the relaxation of the LES are mechanoreceptive inhibitory neurons of the enteric nervous system
(ENS) of the smooth muscle esophagus or LES [104, 106, 110]; however, no such esophageal
mechanoreceptors could be identified or characterized yet.
4.1.4 Innervation
It has been found that the ELIR does not depend on the CNS or ENS [104], but is a local reflex
response, which does not involve extrinsic afferent or efferent neural pathways. On the other
hand, the afferents for the PLIR and PUCR are probably the same which are located in the GPN [68,
91]. The efferents of the PLIR, which activate esophageal longitudinal muscles may reside within
the vagus nerve.
4.1.5 Neural Control Mechanism
Since the PLIR probably requires GPN afferents [68, 91] and functions in decerebrate animals
[91], it must be controlled by the brain stem. Further studies are warranted to validate this
hypothesis. On the other hand, the remainder of the PLIR and the ELIR involves intrinsic
innervation [104], and this must include neurons of the ENS of the smooth muscle portion of the
esophagus or LES.
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4.1.6 Dysfunction
PLIR and ELIR play a role in opening the LES and may be activated too often or at an
inopportune time leading to gastro-esophageal reflux disease (GERD). However, due to a lack of
clarity on the activation and timing of PLIR and ELIR, the current review paper highlights the need
for more studies on this issue.
4.2 Gastro-LES Inhibitory Reflex (GLIR)
4.2.1 Stimulus and Response
Distension of the proximal stomach causes the relaxation of the LES as well as the crural
diaphragm (CD) [111-114].
4.2.2 Function
The function of belching is to eliminate excess gas within the upper digestive tract and the first
phase of the belch response is the elimination of the barrier between the stomach and esophagus
to allow the excess air bolus to escape from the stomach. This function is served by the GLIR [111113]. The GLIR has also been referred to as the transient relaxation [52] of the LES (TLESR). The
TLESR is independent of the transient relaxation of the UES, which also occurs during belching and
is followed by TLESR [115]. The gas that escapes the stomach due to TLESR activates receptors in
the esophagus, thereby activating EURR (Figure 20).

Figure 20 The effects of the closure of the gastroesophageal junction during gastric air
injection on the UES and LES in thoractomized animals. In the above figure, injection of
air into the proximal stomach caused TUESR and TLESR when the GEJ was open, but
only TLESR when the GEJ was closed. Therefore, gastric gas escape activates the TUESR,
and gastric distension activates the TLESR. GEJ, gastroesophageal junction; TH,
thyrohyoideus; CP, cricopharyngeus; CT, cricothyroideus; LES, lower esophageal
sphincter.
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4.2.3 Receptors
Mechanoreceptors that are responsive to stretch rather than tension of the proximal stomach
mediate the GLIR mechanism [116].
4.2.4 Innervation
The GLIR is mediated by a vago-vagal pathway as vagotomy blocked gastro-esophageal gas
reflux as well as the GLIR [117].
4.2.5 Neural Control
The neural control mechanism of the GLIR has not been explored yet, but since it is mediated
by a vago-vagal pathway [117], it may be CNS-mediated.
4.2.6 Dysfunction
Though the GLIR is an integral part of the belch response, activation of the GLIR can also cause
gastro-esophageal reflux [118, 119] and also contribute to GERD [109, 113].
5. Conclusion
To sum up, in this review paper, we have delved deep into mechanisms, functions, dysfunctions,
receptors, and innervations associated with several key reflexes of the esophagus. Also, this paper
has thrown light associating these reflexes with several mechanisms of belching, swallowing,
peristalsis in animals primarily. Since only a few studies are available on humans on this subject,
this review paper highlights the significance of undertaking larger human studies that would help
understand several associated conditions, neural and reflexive pathways associated. This review
will be important for the medics, research professionals, and clinicians to understand and devise
suitable for timely interventions of gastrointestinal and esophageal conditions that probably
contribute to over 70% of deaths across the planet because gastro/esophageal dysfunctions are
associated with the brain, cardiac and liver-related disorders, including carcinogenesis that
contributes to over 90% deaths across the world today.
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