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BACKGROUND Chronic cough is a common but challenging clinical condition that can adversely affect the safety of awake surgical endeavors such
as awake craniotomy (AC). This case lesson highlighted a patient with severe refractory chronic cough undergoing AC for resection of a recurrent left
frontal, insula, anterior temporal anaplastic ependymoma of the eloquent cortex.

OBSERVATIONS The patient was successfully managed using a multifaceted medical treatment regimen combined with preoperative and intraoperative
cough suppression therapy with a speech-language pathologist. The patient coughed only once intraoperatively and had a positive outcome.

LESSONS Chronic cough is often multifactorial and requires a multifaceted treatment approach. Despite this challenge, select patients can
successfully be navigated through AC with appropriate treatment for their condition. A review of neurogenic cough and modern treatments, which were
used in this patient and would be helpful to neurologists or neurosurgeons, are also discussed.

https://thejns.org/doi/abs/10.3171/CASE21480

KEYWORDS awake craniotomy; chronic cough; neurogenic cough; cough suppression therapy; speech pathology

An awake craniotomy (AC) is a neurosurgical operation performed in
the same manner as a conventional craniotomy but with the patient awake
during the procedure. This is often the preferred surgery to remove brain
tumors close to or involving functionally important or eloquent regions of the
brain.1 Chronic cough is a disease entity of persistent cough with severe
impacts on quality of life.2 A patient with chronic cough may experience diffi-
culty lying flat and being able to participate in speech and language tasks
required during the awake procedure. This case report highlights successful
management of chronic cough using a multifaceted treatment approach.
This approach allowed the patient to participate in language mapping stud-
ies and monitoring of motor speech and language skills during an AC for
resection of a brain tumor in his language-dominant hemisphere.

Illustrative Case
Clinical Presentation and Prior Investigations

A 46-year-old right-handed man with the left hemisphere dominant
for language per functional magnetic resonance imaging presented with

a 10-year history of chronic cough and left frontal anaplastic ependy-
moma status after two previous subtotal resections and adjuvant radia-
tion. He subsequently developed seizures, and brain imaging revealed a
lesion within the left frontal, anterior, and superior insula extending into
the anterior temporal lobe concerning for recurrent anaplastic ependy-
moma (Fig. 1). Because of tumor location in the eloquent cortex, it was
determined that the safest approach to biopsy and resection would be
an AC with intraoperative language mapping studies and monitoring dur-
ing the resection.

The patient’s chronic cough occurred approximately once every
hour and in bursts. It was worsened by talking, eating, and lying flat
and could only be volitionally suppressed for a few seconds’ dura-
tion. It was associated with a tickle sensation isolated over the lar-
ynx. He had previously consulted with allergists, pulmonologists,
and otolaryngologists without a unifying diagnosis. He had failed tri-
als of therapy with antihistamines, bronchodilators, mucolytics, anti-
reflux medications, and cough suppressants. He had known positive
test results to environmental allergies of pet dander and ragweed. He
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had no prior empirical evaluation for gastroesophageal reflux disease
but endorsed symptoms of heartburn. He was evaluated in a multidis-
ciplinary clinic by a laryngologist and speech-language pathologist
before the operation. Examination demonstrated hyperreactivity of the
larynx and intermittent suggestion of left vocal fold paresis. With
cough-suppressive breathing techniques, he had increased control
over the urge to cough, and full abduction of the vocal folds was
noted. His chronic cough was felt to be multifactorial with a compo-
nent of neurogenic cough. Pharmacological management was initi-
ated, including a rapid gabapentin titration, codeine, aggressive reflux
management, and a course of corticosteroids. Behavioral interven-
tions for cough suppression were introduced, with nasal respiration,
pursed lip exhalation, and modified breathing strategies being the
most efficacious in mitigating episodes of cough. The patient was
also seen by a speech-language pathologist for presurgical evalua-
tion of his motor speech and language skills to determine participa-
tion in awake surgery, obtain baseline of speech and language skills,
and identify language items the patient could perform flawlessly to
minimize false-positive results and provide reliable language mapping
intraoperatively. The purpose of intraoperative language mapping is
to delineate cortical and subcortical sites of functional significance
with respect to the lesion or epileptogenic focus, identify and pre-
serve motor and language skills, and identify functional resection
boundaries.

Therapeutic Interventions
The patient was accompanied by a speech-language pathologist

intraoperatively. The patient displayed successful control of his
cough during the mapping studies to allow multiple sites in the left
inferior frontal, middle frontal, and superior frontal regions and in
the left anterior temporal lobe/superior temporal gyrus to be

stimulated as well as during the resection when his motor speech
and language skills were monitored. There was only one instance
of a cough, which was suppressed by nasal respiration under guid-
ance by the speech pathologist. Pathology revealed recurrent ana-
plastic ependymoma. As a result of the patient’s successful control
of his cough during the procedure, the neurosurgeon was able to
resect 90% of the recurrent tumor located in eloquent regions of
the language-dominant hemisphere. Postoperatively, the patient
experienced expected dysnomia and language problems, which
gradually resolved over time. He continued to be managed with
cough suppression treatment with speech pathology and gabapentin
and codeine postoperatively, and he noted a 25% improvement in
baseline cough frequency.

Discussion
Observations

Chronic cough is defined as a cough >8 weeks’ duration that is
typically dry or productive of minimal amounts of sputum.2 Chronic
cough is most commonly a consequence of untreated rhinosinusitis
(also termed upper airway cough syndrome), asthma, and gastro-
esophageal reflux disease.3 In approaching chronic cough, it is
recommended that the patient initially undergo an algorithmic
assessment that begins with objective testing and trials of therapy
for these most common causes of cough.3 Patients should be tri-
aled off contributing medications such as angiotensin-converting
enzyme receptor inhibitors, and chest imaging should be performed
if risk factors exist for malignancy. Focused investigation into rarer
causes of cough should be tailored to the constellation of symptoms
and any partial therapeutic benefit from prior treatments. Table 1
summarizes the potential etiologies of chronic cough and commonly
used investigative studies.

Neurogenic Cough
Many patients experience refractory chronic cough that is recal-

citrant to the aforementioned treatments or presents with exhaustive
and essentially normal diagnostic evaluation. Emerging research
suggests that refractory cough may arise as a result of sensitization
of the vagal pathways that control cough.2,4,5 This disease entity is
alternatively referred to as neurogenic cough, idiopathic or refrac-
tory cough, or cough hypersensitivity syndrome. It is commonly
associated with a sensation of irritation localized to the throat and
exacerbated by low-level physical and chemical stimuli, such as
talking, swallowing, and odorants. Neurogenic cough is likely not a
single disorder, and the neurological pathways underlying cough
hyperresponsiveness require further investigation.

Treatments of Neurogenic Cough
A summary of treatments with some efficacy in neurogenic

cough is presented in Table 2. Previous randomized controlled trials
have demonstrated positive benefit to cough severity when speech-
language pathology-based behavioral intervention has been employed.6,7

This treatment program, broadly termed cough suppression therapy,
includes sessions on education, breathing exercises, cough suppression
strategies, and counseling. Most often, two to four sessions are used to
reduce cough reflex sensitivity, improve voluntary control over cough,
reduce laryngeal irritation, and reduce laryngeal muscle tension. Patients
can often use these techniques to supplement other medical treatment
and can employ them when other treatments fail or as a primary treat-
ment for chronic cough.

FIG. 1. Recurrent anaplastic ependymoma within the left frontal, ante-
rior, and superior insula extending into the anterior temporal lobe, as
seen on fluid-attenuated inversion recovery sequence cranial mag-
netic resonance imaging.
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Although there are currently no medications approved by the U.S.
Food and Drug Administration for neurogenic cough, neuromodulating
agents, including tricyclic antidepressants and alpha-2-delta ligand antag-
onists, have been shown to have some efficacy in treatment of the dis-
order.8 Gabapentin, amitriptyline, and pregabalin have all demonstrated
improvement of chronic neurogenic cough on randomized controlled tri-
als.9–11 Limited lower-level evidence supports the use of antispasticity
agents such as baclofen and opioids in palliative cases.12,13

Several emerging treatments exist for neurogenic cough. Injec-
tion of botulinum toxin into the intrinsic adductor muscles of the

larynx performed by an otolaryngologist has been found to decrease
severity of cough at 2-month follow-up and may serve to diminish the
reinforcement of peripheral cough pathways.14 Simpson and col-
leagues have demonstrated efficacy of injections of steroids and a
local anesthetic agent around the superior laryngeal nerve for mitiga-
tion of chronic cough.5 There is renewed interest in capsaicin desen-
sitization treatment, which is hypothesized to reduce vagal c-fiber
afferent activity by downregulation of transient receptor potential vanil-
loid-1 expression in upper aerodigestive mucosa.15 A novel antago-
nist to the P2X3 receptor, a key modulator of the activation of

TABLE 1. Common etiologies contributing to chronic cough

Etiologies of Chronic Cough Investigative Studies Treatments

Obvious causes Chest radiography Smoking cessation

History of smoking, environmental exposures,
travel, or ACE-I

Trial off ACE-I for 6 wks

Asthma Spirometry w/ bronchodilator ± methacholine
challenge to assess for bronchial

hyperreactivity

Short- or long-acting b agonist inhaler

Inhaled corticosteroid

Nonasthmatic eosinophilic bronchitis Fraction exhaled nitric oxide test Inhaled corticosteroid

Sputum eosinophil count

Gastroesophageal reflux disease Ambulatory pH and/or impedence testing Histamine type-2 receptor antagonist

Esophageal endoscopy Proton-pump inhibitor

Esophageal fluoroscopy

Rhinosinusitis Nasal endoscopy Oral or intranasal antihistamine

Allergy testing (skin or serological) Intranasal corticosteroid

ACE-I = angiotensin-converting enzyme inhibitor.

TABLE 2. Commonly used treatments for neurogenic cough

Category Agent(s) Proposed Mechanism of Action

Central neuromodulators Gabapentin & pregabalin Alpha-2-delta ligand antagonist in central
cough center

Amitriptyline & nortriptyline Serotonin reuptake inhibition in central cough
center

Central antitussives Codeine m-opioid receptor stimulation in central cough
centerDextromethorphan

Morphine

Tramadol

Cough suppression therapy Guided treatment sessions under direction of
speech-language pathologist

Reduction in cough-injury-cough cycle

Laryngeal botulinum toxin injections Injection of 1–5 units of botulinum toxin into
adductor muscles of vocal folds under

electromyographic guidance

Reduction in cough-injury-cough cycle

Direct analgesic effect on nociceptive cough
c-fibers

Superior laryngeal nerve injections Injection of local anesthesia and/or
corticosteroid around superior laryngeal nerve

Disruption of cough signaling pathway

Capsaicin desensitization Administration of gradually escalating doses of
aerosolized capsaicin

Reduction in TRPV1 expression in
nociceptive cough c-fibers

Peripheral cough receptor antagonist Gefapixant Peripheral P2X3 receptor antagonist

TRPV-1 = transient receptor potential vanilloid-1.
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sensory neurons central to the cough reflex, has demonstrated prom-
ise in randomized controlled trials but does not yet have regulatory
approval.16

Lessons
Chronic cough is a frustrating condition with significant quality-

of-life impact that can complicate awake surgical endeavors such
as AC. Collaboration with otolaryngologists and speech-language
pathologists can often be beneficial in finding mitigation strategies
and reducing severity and frequency of cough. Several emerging
treatments for chronic neurogenic cough may be helpful for treating
patients with this disorder.
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