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Volitional Control of the Upper Esophageal Sphincter
With High-Resolution Manometry Driven Biofeedback

Nogah Nativ-Zeltzer, PhD ; Peter C. Belafsky, MD, PhD; Ahmed Bayoumi, MD; Maggie A. Kuhn, MD, MAS

Introduction: Dysfunction of the upper esophageal sphincter (UES) is associated with swallow dysfunction and globus
pharyngeus. Although volitional augmentation of the UES has been previously documented, the ability of individuals to control
UES pressure with high-resolution manometry (HRM) driven biofeedback has not been assessed.

Purpose: To evaluate the ability of patient driven HRM biofeedback to control UES basal pressure.
Methods: HRM data was collected from 10 patients undergoing esophageal manometry. Participants were trained on

real-time HRM-driven biofeedback to both elevate and reduce UES pressure. Measures of baseline UES minimum, mean and
maximum pressures (mmHg) were compared to biofeedback-driven volitional increases and decreases in UES pressures.
Pre- and post-biofeedback data were compared with paired sample T-tests.

Results: The mean age (� standard deviation) of the cohort was 68 (�12.7) years. Sixty percent (6/10) were female. The
mean UES baseline pressure increased from 30.1 (�15.3) mmHg to 44.8 (�25.03) mmHg (P = .02) with biofeedback-driven
UES augmentation (P < .05). Maximum UES pressures were also increased from 63.84 (�24.1) mmHg to 152.4 (�123.7)
(P = .04). Although some individuals were able to successfully decrease basal UES tone with the HRM biofeedback, no statisti-
cally significant group differences were observed (P > .05).

Conclusion: Volitional control of UES pressure is possible with HRM-driven biofeedback. Patients vary in their ability to
intentionally control UES pressure and some may require further training aimed at lowering UES pressure with HRM-guided bio-
feedback. These data may have significant implications for the future treatment of UES disorders and warrant further investigation.

Key Words: Upper esophageal sphincter, high-resolution manometry, globus, biofeedback, cricopharyngeal dysfunction,
dysphagia.

Level of Evidence: 4

INTRODUCTION
The upper esophageal sphincter (UES) is a 2.5 to

4.5 cm high-pressure zone located between the pharynx
and esophagus. It can be identified on high-resolution ma-
nometry (HRM) as a high pressure band corresponding to
the area of the pharyngo-esophageal segment (Fig. 1).
Resting pressure of the UES is highly variable and ranges
from 35 to 200 mmHg.1,2 Baseline pressure drops to near
atmospheric during swallow, when it allows bolus to pass
into the esophagus. Resting pressure has been shown to
decrease during sleep3,4 and increase during acute stress,
when supine,5,6 and following esophageal acid exposure.7,8

Abnormal UES resting pressure has been associ-
ated with symptoms of globus pharyngeus.6,9–11 Globus

pharyngeus is a functional esophageal disorder character-
ized by a sensation of a lump, retained food bolus, or
tightness in the throat. Globus symptoms are common, expe-
rienced by nearly one-half of healthy adults in the United
States during some point in their lifetime.12 The clinical
impact of this pervasive symptom is significant and globus
complaints account for nearly 4% of general otolaryngology
office visits annually.13 The etiology of globus sensation is
unclear but may be multifactorial. It has been associated
with visceral hypersensitivity,14 psychologic abnormalities,15

and reflux.16 Several studies have indicated hypertonicity of
the UES as a possible cause of globus pharyngeus.6,9–11

Considering the potential association of globus with
abnormal UES pressure, some persons with globus symp-
toms may benefit frommodulation of UES resting pressures.
Modifying UES pressures volitionally can be challenging,
since UES tone is generally not under voluntary control.
Previous research studies have aimed to modulate UES tone
and opening using swallowing strategies, such as the Men-
delsohn maneuver or the tongue hold, yet these studies have
focused on modifying the relaxation or opening of the sphinc-
ter specifically during swallowing.17–19 We proposed to use
HRM as a biofeedback tool for influencing the resting pres-
sure of the upper esophageal sphincter. The advantage of
HRM is that the upper esophageal sphincter can easily be
identified on pressure topography and changes in pressure
are readily apparent on the screen as changes in color.
Thus, HRM can provide visual cues to the patient to afford
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real time biofeedback (Fig. 1). Although HRM has shown
promise as a biofeedback tool for improving pharyngeal
contractility,20 no study has evaluated the ability of HRM
biofeedback to modify UES pressure. The purpose of this
investigation was to evaluate the ability of patient driven
HRM biofeedback to control UES basal pressure. Such con-
trol may hold therapeutic potential for patients with UES
pressure abnormalities, such as patients with globus phar-
yngeus, cricopharyngeal spasm, or dysphagia.

METHODOLOGY
This study was approved by the Institutional Review

Board at the University of California, Davis. Patients under-
going HRM for evaluation of dysphagia, globus, chronic
cough, and gastroesophageal reflux were included in the
study. Patients with a history of a severely obstructing crico-
pharyngeal bar, head and neck cancer, or lidocaine allergy
were excluded.

A 4.2-mm outer diameter solid-state manometric assem-
bly with 36 circumferential sensors spaced at 10-mm intervals
was utilized for all trials (ManoScan, Given Imaging,
Atlanta, GA). Before recording, the transducers were cal-
ibrated at 0 and 300 mmHg using externally applied

pressure. The data acquisition frequency was 50 Hz for
each sensor. The catheter was lubricated with 2% viscous
lidocaine and topical nasal decongestant and anesthetic
spray (phenylephrine HCl 1% with lidocaine HCl 4%) was
administered. The manometry catheter was placed through
the patient’s more patent nasal cavity. The catheter’s posi-
tion was determined and verified manometrically. Following
a brief period to allow patient acclimation, 30 seconds of
baseline UES pressure was recorded at rest. The clinical
evaluation consisted of 12 5-ml saline bolus swallows. Fol-
lowing the clinical evaluation, participants were trained on
utilizing pressure topography as biofeedback for elevating
and lowering UES pressure. During the training session,
participants were shown the UES high pressure topography
band and the color coding of pressure intensity was
reviewed. They were then instructed to practice turning the
colors of the UES pressure band to the warmer colors during
elevation biofeedback and to the cooler colors during relaxa-
tion biofeedback (Fig. 2). During this practice session, sub-
jects were encouraged to modify their UES pressures in any
way they could as long as it did not cause changes in their
breathing pattern. Participants were then asked to sustain
30 seconds of UES tightening and 30 seconds of UES relaxa-
tion, separated by a 1-minute resting period.

Fig. 1. Upper esophageal sphincter (UES) resting pressure displayed on high-resolution manometry (HRM) pressure topography. Pressure
changes which are represented as color changes in the UES high pressure band can provide real-time visual feedback.
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The manometric data was analyzed using Manoview
ESO 3.0 (Given Imaging, Atlanta, GA). The median 10 seconds
from the 30-second recordings of tightening biofeedback and
relaxation biofeedback of the UES and 10 seconds of resting
pressure prior to these recordings (baseline) were demar-
cated by investigators. Minimum (mmHg), mean (mmHg),
and maximum (mmHg) pressures within this region were
calculated automatically by the software. Manometric data
was analyzed by two blinded investigators. A random sam-
ple of 30% of trials was analyzed by both investigators for
the purpose of examining inter-rater reliability.

Statistical Analysis
All data was recorded and coded into SPSS 19.0 for

Macintosh (SPSS Inc., Chicago, IL). Interrater reliability

was calculated for each rater using intra-class correlation
coefficients (ICC). Baseline minimum (mmHg), mean
(mmHg), and maximum (mmHg) UES pressures were
compared to UES pressures during tightening and relaxa-
tion biofeedback by paired sample T-tests.

RESULTS
Twelve subjects enrolled in the study. The HRM pro-

cedure was well-tolerated in all but one patient who chose
to terminate the study prior to completion. Data from one
additional subject was not used in the analysis due to
extremely low baseline UES pressures which precluded
measurement. Data from 10 subjects were included in the
analysis.

The mean age (�SD) of the cohort (N = 10) was
68 (�13.3) years. Sixty percent (6/10) were female (see
individual study patient demographic and clinical details
in Table I. A statistical summary of baseline and biofeed-
back pressures is detailed in Table II. The mean UES pre-
tightening baseline pressure was 30.1 (�15.3) mmHg. This
increased to a mean pressure of 44.8 (�25.03) mmHg
(P < .05) with biofeedback-driven UES tightening (P = .02).
Maximum UES pressures were also increased from 63.84
(�24.1) mmHg to 152.4 (�123.7) mmHg (P = .04). Mini-
mum UES pressures were similar between baseline and
during tightening biofeedback (5.4[�4.3] vs. 4.7[�5.2])
(P = .4). The average group minimum and mean pressures
were lower during relaxation biofeedback compared to
baseline, however, no statistically significant differences
were observed for any of the relaxation measures (see
Table II). Inter-rater reliability for manometric analysis
was high (ICC = 0.94). Fifty percent (5/10) of patients were
able to volitionally reduce UES basal pressure.

Fig. 2. High-resolution manometry (HRM) pressure topography displaying upper esophageal sphincter (UES) resting baseline pressures
(A) tightening biofeedback (B) and relaxation biofeedback (C) in the same subject.

TABLE I.
Subject Demographics and Clinical Characteristics.

Gender Age Relevant Medical History

1 M 75 GERD, dysphagia

2 F 60
Ineffective esophageal motility, chronic cough,

dysphagia, globus sensation

3 F 74 Barrett’s metaplasia, GERD

4 M 65
COPD, nutcracker esophagus, GERD, dysphagia,

globus sensation

5 F 44 GERD

6 F 87
Esophageal dysmotility, Hiatal Hernia, solid food

dysphagia, globus sensation, odynophagia, GERD

7 F 59 Chronic cough, GERD, globus sensation

8 M 75 Barrett’s esophagus, Chronic cough, GERD

9 F 65 Solid food dysphagia, globus sensation
10 M 83 Chronic cough, globus sensation

GERD = gastroesophageal reflux disease, COPD = chronic obstructive
pulmonary disease.
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DISCUSSION
Globus pharyngeus and other symptoms such as throat

tightness and dysphagia frequently localize to the region of
the cricopharyngeus muscle and UES. Some studies have
reported manometrically confirmed UES dysfunction in indi-
viduals with such complaints. In a small study, Watson and
Sullivan reported an abnormally elevated mean UES rest-
ing pressure (176 mmHg) in patients with globus pharyn-
geus and a normal average resting pressure in their
asymptomatic counterparts (96 mmHg).9 Corso et al., in a
review of over 700 esophageal manometric studies, found
that complaints of globus were present in 28% of individual
with abnormally elevated UES resting pressure and in only
3% of those with normal UES resting pressure.21 In a recent
study, Kwaitek et al.11 found respiration-related change in
UES resting pressure in more than 60% of globus patients
and less than 15% of controls and GERD patients without
globus.11 A number of studies, however, have not found dif-
ferences between resting pressures in globus patients and
controls and the precise relationship between elevated UES
pressure and globus remains uncertain.22,23

Globus is often categorized as a functional esophageal
disorder because the symptom typifies an esophageal dis-
ease without a readily identifiable structural or metabolic
abnormality.22 Other conditions in this group include func-
tional heartburn, chest pain, and dysphagia. The etiology
of such conditions remains poorly understood and therefore
treatment is challenging and frequently relies on multi-
modal therapy including neuromodulators, psychotherapy,
cognitive-behavioral strategies, and relaxation techniques.

The goal of biofeedback is to train individuals to self-
regulate a physiologic process that is normally not consid-
ered to be under voluntary control.24 During education
and training, patients are presented with biologic informa-
tion (biofeedback) that is normally not accessible. Using
this feedback, patients make conscious, voluntary efforts
to alter a physiologic process in a specific way.19 Such
actions or behaviors are practiced and repeated until they
may be performed to achieve similar results with less or
no biofeedback. Several investigators have reported success
in targeting functional gastrointestinal disorders including
constipation, fecal incontinence, dyssynergic defecation, anor-
ectal pain and irritable bowel syndrome with biofeedback

methods.25 Biofeedback has also shown promise in the treat-
ment of functional chest pain.26

In the present study, we sought to teach individuals
biofeedback techniques in order to volitionally control
UES pressure. Our preliminary findings suggest that
HRM-driven biofeedback is feasible and can volitionally
alter UES pressures in patients with complaints of dys-
phagia, heartburn, and globus. At pressure extremes, we
observed an elevation of UES pressures of over 590%
above baseline with tightening biofeedback and a 62%
decrease in pressures following relaxation biofeedback.
This preliminary investigation included a small sample
size and only one brief session of biofeedback training.
Although several of our patients had complaints of globus
sensation, our objectives with this pilot study did not
include assessment of symptom improvement and were
focused on evaluating the feasibility of UES modulation by
use of HRM biofeedback. A large degree of variability was
observed in the ability of patients to decrease pressure
with relaxation biofeedback, suggesting that some individ-
uals may require more training to acquire this skill.

CONCLUSION
Volitional control of UES pressure is possible with

HRM-driven biofeedback. Patients vary in their ability to
volitionally control UES pressure and some may require
further training to improve the ability to lower UES pres-
sure with HRM-driven biofeedback. These data may have
significant implications for the future treatment of UES
disorders and warrant further investigation.
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