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ABSTRACT

Transcutaneous electrical nerve stimulation
(TENS) is a form of electroanalgesia used for
neuropathic pain disorders. Refractory chronic
cough, or ‘‘neuropathic cough,’’ may be physi-
ologically similar to other neuropathic pain
conditions. This study explored the tolerability
and feasibility of using TENS as a treatment for
neuropathic cough. Laryngeal TENS was
administered to five subjects with neuropathic
cough. One electrode was placed over the lateral

thyrohyoid membrane, and a second over the
cricothyroid space. A frequency of 120 Hz was
applied for 30 min. Participants rated symptoms
pre-, during, and post-TENS treatment using a
Likert scale. Laryngeal TENS was well tolerated
by all subjects. Adverse effects included brief
neck discomfort when increasing TENS inten-
sity and an event of mild post-treatment
hoarseness. The self-reported scores trended
toward a reduction in symptom severity during
and after treatment. Controlled trials using this
method would elucidate the use of TENS for
treatment of patients suffering from chronic
cough.
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Key Summary Points

Transcutaneous electrical nerve
stimulation (TENS) is a form of
electroanalgesia used for neuropathic pain
disorders. Refractory chronic cough, or
‘‘neuropathic cough,’’ may be
physiologically similar to other
neuropathic pain conditions.

This study explored the tolerability and
feasibility of using TENS as a treatment for
neuropathic cough.

Laryngeal TENS was well tolerated by all
subjects. Adverse effects included brief
neck discomfort when increasing TENS
intensity and an event of mild post-
treatment hoarseness.

The self-reported scores trended toward a
reduction in symptom severity during and
after treatment. Controlled trials using
this method would elucidate the use of
TENS for treatment of patients suffering
from chronic cough.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14518956.

INTRODUCTION

Chronic cough, defined as greater than 8 weeks
of persistent coughing, is treated using an
algorithmic approach that considers common
potential etiologies such as laryngopharyngeal
reflux, as well as sinonasal, allergic, and pul-
monary disease [1]. However, after exhausting
the treatment options for these conditions or
ruling them out, as many as 12–42% of patients
experience refractory symptoms [2, 3]. It has

been theorized that in both refractory chronic
cough and neuropathic pain syndromes, altered
neural activity due to damage or disease of the
peripheral sensory nervous system or its central
projections results in states of hypertussia and
hyperalgesia, respectively [4–6]. Thus, neuro-
modulatory medications have been employed
to treat refractory chronic cough, or ‘‘neuro-
pathic cough’’ [7, 8]. Oral neuromodulatory
medications such as certain antiepileptic drugs
(AEDs) and tricyclic antidepressants (TCAs)
have provided some therapeutic benefit, but
side effects (particularly drowsiness) often limit
their utility in a patient population that may be
subject to polypharmacy.

Over the last decade, mounting research has
supported the notion of refractory chronic
cough as a neuropathic condition of the larynx
with many similarities to neuropathic pain
syndromes. There has been positive literature
associating the effects of vagal nerve stimula-
tion with epilepsy, depression, asthma, and the
treatment of reactive airway disease. Electrical
stimulation of the vagus nerve has been shown
to influence the autonomic nervous system as
measured by plasma catecholamine levels
[9–11].

Transcutaneous electrical nerve stimulation
(TENS) is a safe therapeutic option for neuro-
pathic pain [12]. In healthy participants, TENS
has been found to raise the somatosensory
threshold throughout the stimulated receptive
field of the applied current [13]. However, it
may have a more marked effect on hypersensi-
tive neurons than on those that are normal [14].
This effect on neuronal hypersensitivity is the-
orized to underlie the efficacy of TENS in treat-
ing neuropathic conditions. Advantages of this
noninvasive treatment include its paucity of
side effects or drug interactions, its availability,
its affordability, and its ease of use [15].

TENS unit settings are an important compo-
nent of the efficacy of TENS as a therapeutic
option for neuropathic conditions. High-fre-
quency and low-frequency TENS therapy have
improved pain levels in spinal cord injury
patients [16, 17]. Another factor that has been
implicated in the efficacy of TENS for the
treatment of neuropathic pain has been the
intensity used during TENS therapy [18]. It is
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possible that utilizing the maximum intensity
comfortable to the patient may improve the
efficacy of TENS therapy. Although studies have
suggested specific instrument parameters that
may be useful in the treatment of neuropathic
pain, there are no studies of whether the device
settings that are effective for the treatment of
neuropathic pain can translate specifically to
the treatment of chronic cough.

There is minimal literature assessing whether
a peripheral stimulation device such as a TENS
unit could disrupt the neuropathic pain path-
way via the vagus nerve along the recurrent
laryngeal nerve pathway to mitigate discomfort
associated with chronic cough. Prior to assess-
ing the role of TENS as a potential therapeutic
option in patients with neuropathic cough, it is
first important to determine the range of set-
tings across which laryngeal TENS is both safe
and well-tolerated by patients with this condi-
tion. We assessed the tolerability and feasibility
of laryngeal TENS as a treatment option for
patients suffering from neuropathic cough.

METHODS

This study was completed in accordance with
the Albert Einstein College of Medicine Insti-
tutional Review Board approval (identification
number 2017-7703). The study protocol was
designed and implemented in accordance with
the Helsinki Declaration of 1964 and all of its
later amendments. Informed consent was
obtained from all potential participants prior to
their decision to participate in this research.
This consent process included a section for
participants to agree to the use of photography
that does not include the participant’s face in
possible publications that result from this study.
All photos obtained and published from this
study were obtained and published with con-
sent from the participant. Five participants
(n = 5) with refractory chronic cough were
enrolled in this study. Those with abnormal
chest radiograph findings, implanted devices,
pregnancy, skin sensory impairment, seizure
disorder, or adhesive allergy were excluded from
the study. Participants completed the Cough
Severity Index (CSI) and Newcastle Laryngeal

Hypersensitivity Questionnaire (NLHQ) to
assess the baseline characteristics of their cough
[19, 20].

Participants were seated in a semi-reclining
position. The cricoid cartilage, thyroid cartilage,
hyoid bone, and thyrohyoid membrane were
identified by palpation and delineated with a
surgical skin marker. The TENS LGMedSupply
LG-3000 unit was used and its lead wires were
attached to 2 cm 9 2 cm self-adhesive electrode
pads. For all patients, the cathode was placed
over the left thyrohyoid membrane, approxi-
mating the location of internal branch of the
superior laryngeal nerve, and the anode was
placed over the left paramedian cricothyroid
space (Fig. 1). Leads were applied unilaterally to
the left side to avoid possible bradycardia
through stimulation of the right vagus nerve
[21]. Prior to electrode placement, the left neck
skin was cleansed with an alcohol pad and
electrodes were placed by the principal investi-
gator and secured with tape.

To assess tolerability, flexible laryngoscopy
was performed without the use of intranasal
lidocaine or decongestant so as to eliminate the
potential confounding effect of topical anes-
thesia. The flexible laryngoscope was intro-
duced prior to TENS activation. As the TENS
unit was powered on and gradually increased to
the maximum tolerated intensity, the larynx
was monitored for any abnormal motion,
spasm, or muscle contraction deemed outside of
the normal range of motion on a standard
laryngologist assessment. After the maximum
tolerated intensity was reached, the flexible
laryngoscope was withdrawn, and the patient
underwent continued TENS treatment. Visual
inspection of the external anterior cervical
musculature was also observed for contractions.
To assess feasibility, visual inspection was also
used to assess pad movement. Patients were
asked to report if stimulation was occurring
over the desired area.

Treatment consisted of two 15-min sessions
with a 2-min break in between. During each of
the sessions, the unit was kept at a high fre-
quency (120 Hz) and a short pulse duration
(120 ls), in keeping with the conventional
TENS model of neuropathic pain treatment [22].
Intensity was titrated to the maximum tolerated

Neurol Ther (2021) 10:1127–1133 1129



intensity and maintained at these settings for
the duration of each session. The subjects rated
symptoms pre-, during, and post-TENS treat-
ment using a 5-point Likert scale. Each partici-
pant was asked, ‘‘On a scale of 0 to 4, with 4
being the worst your symptoms have been,
could you rate the severity of the symptoms
pertaining to your cough?’’

RESULTS

All patients were female and the mean age was
73 years. Two of the participants were black,
one was white, and two were Hispanic or Latin
American. The mean CSI score was 25.6 and the
mean NLHQ score was 14.8 (Table 1).

Tolerability outcomes were met for all par-
ticipants. No participants were able to tolerate
an intensity greater than 3 mA. As such, all
participants were maintained at an intensity of
3 mA for the duration of each session. Adverse
effects were limited to mild neck discomfort for
up to several seconds after increasing the TENS
intensity, which resolved when the intensity
was lowered to 3 mA. Neck discomfort did not

persist following the TENS therapy for any of
the participants. New-onset mild hoarseness
was noticed and reported by one patient at the
conclusion of the treatment. The exact duration
of hoarseness was not recorded, but it had
completely resolved by 24 h. Normal vocal cord
motion was observed, and there were no cases
of laryngospasm or involuntary vocal fold
adduction or contraction. During the study, the
pads were visualized to maintain appropriate
positioning without movement, and the
patients reported stimulation in the appropriate
areas.

Comparison of Likert scores demonstrated
an overall decrease in irritability (Table 2). The
change in symptom severity rating decreased by
an average of 0.8 points from before to during
electrical stimulation, and the average symptom
severity rating decreased by 0.2 points during
treatment to 1 min after treatment completion.
Three of the five patients reported symptom
improvement during and immediately after
TENS treatment.

Fig. 1 Transcutaneous electrical nerve stimulation
(TENS) application method. a The LGMedSupply LG-
3000 unit was utilized to provide TENS treatment to each
participant. The adjustable settings for this device include
pulse width, mode, pulse rate, amplitude of stimulation, as
well as a timer that can be set for 15 min, 30 min, or
continuous stimulation. b This photograph of the anterior
neck demonstrates the placement of TENS electrode leads
and outlines important anatomical landmarks. The

cathode, indicated by the red electrode, was placed over
the left thyrohyoid membrane, and the anode, indicated by
the black electrode, was placed over the left paramedian
cricothyroid space. c This photograph demonstrates the
method of surgical tape placement over the TENS
electrode pads. This was kept in place throughout the
TENS treatment in order to maintain complete skin
adherence
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DISCUSSION

A single case report from 1987 describes sub-
jective success at aborting a patient’s 9-year
cough using TENS. That report lacks details,
including application technique, TENS settings,
duration of treatment, and rationale for use in
that particular context [23]. Our study describes
an anatomically based application technique
and a proposed treatment paradigm for the use

of laryngeal TENS. The modality utilized high-
frequency and low-intensity settings to stimu-
late large diameter A-b afferent fibers, which
inhibit nociceptor activity, thereby reducing
hyperalgesia [9]. Higher intensities have also
been implicated in the efficacy of TENS for the
treatment of neuropathic pain, suggesting that
utilizing the maximum tolerable intensity may
improve therapeutic success [18].

We demonstrated that TENS use for a
chronic cough is tolerable, feasible, and showed
a trend toward improved symptoms during and
immediately after treatment. Limitations
include a small and homogeneous sample,
which may have resulted in nongeneralizable
false-positive findings. Further research with
larger sample sizes would be necessary prior to
making concrete statements regarding thera-
peutic efficacy. Future studies that are designed
to evaluate the long-term benefits of TENS
application in a controlled office setting would
be beneficial. Additionally, since there is cur-
rently no evidence substantiating TENS as a
standalone treatment for neuropathic cough, it
would also be beneficial to study TENS admin-
istration as an adjunct treatment.

Table 1 Cough severity survey scores: this table displays pretreatment subject scores for both the Newcastle Laryngeal
Hypersensitivity Questionnaire and the Cough Severity Index

Baseline symptom surveys Participant number

001 002 003 004 005 Total survey means

Newcastle total obstruction score 36.0 30.0 36.0 20.0 43.0

Newcastle total pain/thermal score 20.0 18.0 16.9 13.0 13.0

Newcastle total throat tickle score 20.0 9.0 13.0 20.0 19.0

Newcastle average obstruction score 4.5 3.8 4.5 2.5 5.4

Newcastle average pain/thermal score 6.7 6.0 5.3 4.3 4.3

Newcastle average throat tickle score 6.7 3.0 4.3 6.7 6.3

Total Newcastle LHQ (sum of average scores) 18.0 13.0 14.0 13.0 16.0 14.8

Total CSI 30.0 9.0 27.0 33.0 29.0 25.6

The NLHQ categorized its questions into assessments of three major qualities of laryngeal irritability: obstruction, thermal
sensation/pain, and throat tickling sensation. The CSI served as a baseline for the severity of perceived symptoms for each
subject

Table 2 Likert scale assessment of cough symptoms: this
table shows patients’ perceptions of their cough symptom
severity before beginning the TENS intervention, during
their mid-treatment 2-min break, and immediately fol-
lowing discontinuation of the treatment for each subject

Likert
scale
scores

Participant number

001 002 003 004 005 Likert time
point means

Before 0.0 3.0 2.0 1.0 4.0 2.0

During 0.0 1.0 0.0 2.0 3.0 1.2

After 0.0 1.0 0.0 2.0 2.0 1.0

The mean of each time point is included in the table
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CONCLUSIONS

Participants tolerated TENS treatment and
experienced a subjective improvement in
symptoms and minimal adverse effects during
and immediately after treatment. Patient-re-
ported stimulation of the appropriate anatomic
area that corresponded to their symptoms
demonstrated feasibility. This study can inform
future research by providing evidence of toler-
able TENS device settings and methods for
application.
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