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Drug-Induced Paradoxical Vocal Fold Motion
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Vocal cord dysfunction, also known as paradoxical vocal fold
motion (PVFM), is a disorder characterized by abnormal vocal
cord adduction during inspiration. PVFM is commonly
misdiagnosed as asthma because of the similarity of symptoms:
cough, wheezing, chest pain, and dyspnea. We present the clinical
vignette of a 36-year-old woman with juvenile rheumatoid
arthritis and multiple adverse drug reactions who presented with
recurrent episodes of unrecognized PVFM during skin testing for
drug allergy, omalizumab treatment, and tocilizumab
desensitization. Before the diagnosis of PVFM, these episodes were
treated as anaphylaxis, including the administration of
epinephrine. Once diagnosed and treated for PVFM, the patient
did not present any further events and continued treatment for
drug allergy. PVFM may be underreported in hypersensitivity
reactions because of the similarity to Type 1-mediated respiratory
symptoms and comorbid asthma. © 2017 American Academy of
Allergy, Asthma & Immunology (J Allergy Clin Immunol Pract
2018;6:90-4)
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CASE REPORT

A 36-year-old woman with asthma, gastroesophageal reflux
disease, generalized anxiety disorder, rheumatoid arthritis, and
chronic idiopathic urticaria (with daily intake of up to 200 mg of
diphenhydramine per day) had adverse reactions to 15 different
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medications, including 7 that reportedly induced anaphylaxis,
shortness of breath, and/or throat symptoms (Table I). The
patient had a history of 15 emergency department (ED) visits in
2016 alone, and she frequently received epinephrine because of
concern for anaphylaxis (Table I and Figure 1). She was initially
evaluated in the allergy clinic for possible hypersensitivity to
tocilizumab after she developed dyspnea during an infusion of
this agent for the treatment of rheumatoid arthritis. As she had
positive skin testing to tocilizumab at the second intradermal
level (20 mg/mL), tocilizumab desensitization was recom-
mended. Despite desensitization, she continued to present with
severe inspiratory stridor during infusion, and she received
epinephrine for this on multiple occasions. She had similar
symptoms during her initial omalizumab injection and during
skin testing to mepivacaine, resulting in a code being called and
in the administration of epinephrine during each episode
(Figure 1). Her predominant symptoms during these events were
severe stridor, dyspnea, gagging, hoarseness, and difficulty
speaking, all without documented vital sign changes (Figure 1).
Importantly, on physical examination during her acute reaction
to local anesthetic skin testing (mepivacaine), she had stridor but
no wheezing. She had a transient loss or impairment of con-
sciousness twice, during which time the stridor completely
resolved, only to recur when she regained full consciousness. Her
local anesthetic skin test areas were completely negative for any
wheal or flare reaction. She was transferred to the ED, and
visualization of the upper airway was attempted, but she could
not tolerate this procedure.

Through repeated observation of the patient during reaction
episodes, it became clear that she was presenting with a rapidly
reversible process without mucocutaneous signs or symptoms,
repeatedly negative serum tryptase, and an absence of mast cell
activation that was inconsistent with true anaphylaxis. The time
course of the development, resolution, and redevelopment of
symptoms suggested a primary neurological or neuromuscular
process. Using stridor as the guiding central symptom,
and seeing its rapid resolution with loss of consciousness, par-
adoxical vocal fold motion (PVFM) was suggested as an
alternative diagnosis. Evaluation by otolaryngology confirmed
this diagnosis by direct visualization of the upper airway (see
Video 1, available in this article’s Online Repository at www.
jaci-inpractice.org). The patient received speech therapy
focusing on respiratory control of PVFM. The patient did not
receive continuous psychiatric care.

The patient underwent 6 standard  tocilizumab
desensitizations without adverse reaction after speech therapy.
She responded so well to treatment that her antihistamine pre-
medication dose was lowered, and the dose of tocilizumab was
increased to improve control of her rheumatoid arthritis. The
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Abbreviations used
ACE- Angiotensin converting enzyme
CT- Computed tomography
ED- Emergency department
EI PVFM- Exercise-induced paradoxical vocal fold motion
ICU- Intensive care unit
PVFEM- Paradoxical vocal fold motion

patient discontinued daily antihistamines, and has not received
epinephrine in the 5 months since the diagnosis and manage-
ment of PVFM (Figure 1). In addition to decreasing the pre-
medication doses, the resolution of the patient’s previous reliance
lorazepam is reflective of the success of speech therapy.

INTRODUCTION

PVFM is characterized by paradoxical vocal cord adduction
during inspiration. Two distinct phenotypes of PVFM have been
postulated: exercise-induced PVFM (EI PVEM) and sudden onset
PVEM.' EI PVEM has a clear trigger (exercise), whereas the triggers
for sudden onset PVEM are not well defined." Although the precise
etiology of PVEM is unknown, the incidence is higher among
women than men (2 to 3:1) and PVEM is associated with comor-
bidities including gastroesophageal reflux disease, irritable bowel
syndrome, and psychiatric diagnoses.”” PVEM may be under-
reported in hypersensitivity reactions because of the similarity to
Type 1-mediated respiratory symptoms and comorbid asthma.”
PVEM is commonly misdiagnosed as asthma because of the simi-
larity of symptoms, namely cough, wheezing, chest pain, and dys-
pnea.”” Therefore, PVEM can be difficult to identify as the primary
culprit during an acute drug hypersensitivity reaction, resulting in
misdiagnosis, over usage of medical resources, and increased health
care costs.””” PVEM presents mostly during inspiration, but
expiratory PVFM has been described as well, with exaggerated
adduction of vocal cords during expiration. Acute episodes of
PVEM can result in endotracheal intubation for presumed severe
upper airway obstruction, as patients present with stridor, hoarse-
ness, tachypnea, chest tightness, and shortness of breath.>*
Appropriate treatment of PVFM during an episode includes
recognition of the condition, reassurance that the condition is self-
limiting, and sedation with benzodiazepines, whereas long-term
treatment includes management of underlying comorbidities,
which may be triggers, as well as speech and behavioral therapy.1 210

ETIOLOGY AND CLINICAL PRESENTATION
Etiology

Originally, PVEM was thought to be psychological in nature,
with stress and anxiety as the main triggers. Currently, it is
considered a functional disorder that may relate to the role of
glottic closure in protecting the trachea and lungs.”” The exact
mechanisms of PVEM remain unknown; however, the proposed
mechanisms include altered autonomic input from central brain
regions resulting in laryngeal hyperresponsiveness, other changes
in brainstem laryngeal control, motor neuropathy, and inflam-
mation and irritation of the vocal cords from processes such as
gastroesophageal reflux.”®®"'" Most patients have associated
medical conditions that can also be acute triggers. These include
asthma, hyperventilation, exposure to tobacco smoke, allergic
laryngitis, viral infection, untreated sleep apnea, gastroesophageal
reflux disease, and rhinitis.>® %"

TABLE I. Drug allergies
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Drug Reaction

Bupivacaine* Shortness of breath, stridor,
difficulty speaking, and
swallowing, SVS

Ceftriaxone™ Cough, respiratory distress, SVS

Gadolinium-containing contrast
media

Angioedema

Morphine Shortness of breath, rash
Penicillins Rash

Sumatriptan Shortness of breath
Tocilizumab* Shortness of breath, SVS

Divalproex sodium

Hives, throat itchiness

Isoniazid Rash

Lidocaine Rash

Metoclopramide Akathisia

Latex Rash

Prochlorperazine Akathisia

Omalizumab Nasal congestion, shortness of
breath, difficulty speaking

Mepivacaine* Throat itching, stridor, and

difficulty speaking, coughing,
gagging, SVS

SVS, Stable vital signs.
*Listed as anaphylaxis in the electronic medical record.

Clinical presentation

Episodes of PVFM typically present abruptly and last from
seconds to minutes, but have been reported to last longer.
Symptoms resemble other causes of upper airway obstruction
such as laryngeal angioedema, and include cough, choking, and
dyspnea, but without other clinical signs of a true allergic
reaction (such as accompanying urticaria).”®'®'” Patients often
report feelings of throat tightness, and have greater difficulty with
inhalation than exhalation, but have no response to rapid acting
bronchodilators. The hallmark physical findings include audible
stridor, respiratory distress with accessory muscle use, inability or
difficulty speaking, hoarseness, and voice change.u’18 Vital signs
are typically stable, without hypoxemia, and dyspnea appears and
resolves more rapidly in PVFM than in asthma. Loss of
consciousness has been reported with PVFM, but whether there
was resolution of stridor during loss of consciousness has not
been previously reported.”*" Careful auscultation of the neck
and lungs allows the clinician to differentiate PVFM’s stridor
from the true wheezing of asthma. Commonly reported triggers
include perfumes, odors, changes in humidity and/or tempera-
ture, exposure to chemicals, and strong emotions.'”"'® Patients
typically have multiple ED visits and/or intensive care unit (ICU)
admissions, and some have a concomitant diagnosis of asthma or
idiopathic allergic reactions.'””'** The presence of a tracheos-
tomy scar or a history of intubation does not exclude a diagnosis
of PVFM.°

DIAGNOSIS

Transnasal laryngoscopy is key to visualizing vocal cord
movement and rapidly ruling out other upper airway pathology.
However, laryngoscopy often occurs when patients are asymp-
tomatic.” During an active episode of PVEM, there is narrowing
on inspiration as well as marked narrowing on exhalation with
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PVFM
Diagnosis and Treatment

Grade of Reaction

1/19/2016

3/16/2016
6/21/2016
1/20/2017
2/17/2017
3/17/2017
4/14/2017

12/22/2015
' 10/12/2016
10/26/2016
11/23/2016
12/22/2016

Toclizumab Tocilizumab

Type of Drug and Date

m Epinephrine Used ® Grade of Reaction

FIGURE 1. Reactions during skin testing, omalizumab injection, and tocilizumab desensitizations with description in Table Il. Hyper-
sensitivity reactions are graded as mild/grade | (cutaneous symptoms or with only 1 organ system), moderate/grade Il (2 or more systems
involved without vital sign changes), and severe/grade lll when more than 2 systems are affected with vital sign changes. PVFM, Par-
adoxical vocal fold motion.

TABLE Il. Reactions during skin testing, omalizumab injection, and tocilizumab desensitization with description of protocol, pre- and

intramedications, reaction, and epinephrine use

Protocol Premedication Intraprotocol medication Reaction Epinephrine
Omalizumab injection Injection None N/A Gagging, nasal congestion, Yes
September 1, 2015 shortness of breath,
difficulty speaking
Desensitization to tocilizumab 3 bag Acetaminophen 650 mg PO,  Between steps 8 and 9 Dry heaving, chest tightness Yes
#64 12 step montelukast 10 mg PO, Famotidine 20 mg 1V, rash, voice change,
December 22, 2015 diphenhydramine 50 mg diphenhydramine 25 mg congestion, difficulty
IV, famotidine 20 mg 1V, albuterol 2 puffs, speaking
IV, ondansetron 8 mg lorazepam 1 mg IV
PO PRN
Desensitization to tocilizumab 3 bag Acetaminophen 650 mg PO,  Between steps 8 and 9 Wretching, shortness of Yes
#70 12 step montelukast 10 mg PO, Famotidine 20 mg IV, breath, SVS
July 7, 2015 diphenhydramine 50 mg diphenhydramine 25 mg
IV, famotidine 20 mg IV, albuterol 2 puffs,
IV, ondansetron 8 mg lorazepam 1 mg IV
PO PRN
Mepivacaine Skin test None N/A Throat itching, stridor, and Yes
Skin test difficulty speaking,
October 12, 2016 coughing, gagging, SVS
Desensitization to tocilizumab 3 bag Acetaminophen 650 mg PO,  Between steps 8 and 9 Shortness of breath, voice Yes
#73 12 step montelukast 10 mg PO, Famotidine 20 mg IV, hoarseness, stridor, SVS
October 12, 2016 diphenhydramine 50 mg diphenhydramine 25 mg
IV, famotidine 20 mg IV, albuterol 2 puffs,
IV, ondansetron 8 mg lorazepam 1 mg IV
PO PRN
PVFM diagnosis and
treatment
Desensitization to 3 bag Acetaminophen 650 mg PO,  Between steps 8 and 9 No reaction No
tocilizumab 12 step montelukast 10 mg PO, Famotidine 20 mg IV,
#74-80 diphenhydramine 50 mg diphenhydramine 25 mg

November 23, 2016, to
April 14, 2017

IV,* famotidine 20 mg IV,
ondansetron 8 mg PO PRN

IV, albuterol 2 puffs,
lorazepam 1 mg IV

1V, Intravenous; PO, per os (by mouth); PRN, pro re nata (as needed); PVFM, paradoxical vocal fold motion; SVS, stable vital signs.

*Desensitizations 76-80 had a reduction in antihistamine pre- and intramedication.

adduction or prolapse of the supraglottic laryngeal struc-
tures.' 18 Normally (ie, in the absence of PVEM), the vocal folds
abduct during inspiration and adduct slightly during exhalation.

A unique marker for PVFM is the posterior glottic chink, a small

opening at the posterior glottis during inspiration.”® PVEM may
not be seen on routine examination because of its intermittent
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character or due to the difficulty of performing a laryngoscopy
during an acute episode secondary to patient distress, as occurred
in our patient.z/‘ Provocation testing, which may include
breathing maneuvers, cough, nonspecific irritants, and meth-
acholine, may be of value to visualize and differentiate PVFM
from asthma.””*® If laryngoscopy has normal findings, other
imaging modalities may be helpful to exclude other causes of
stridor not visualized during laryngoscopy. The modalities focus
on the trachea and distal airway: radiography of chest and neck,
computed tomography (CT), and spirometry with flow volume
measurements.” > PVEM typically occurs in the absence of
abnormal findings on radiography of the chest and neck and CT,
but imaging can be helpful in ruling out other causes of respi-
ratory distress and stridor, such as deep neck space infections,
tracheal stenosis, and foreign bodies. Spirometry and flow vol-
ume loop analysis can identify PVFM, with the most common
finding being a truncated inspiratory flow volume curve.”'**'

DIFFERENTIAL DIAGNOSIS

Asthma arttacks, infections, angioedema (either due to mast
cell activation in the context of severe allergic reactions or due to
bradykinin in the context of hereditary or acquired angioedema),
bilateral vocal cord paralysis, laryngeal, subglottic and tracheal
stenosis, and foreign body obstruction may resemble PVFM, but
can be differentiated by history, physical examination, laryn-
goscopy, and (if necessary) additional imaging. Asthma is the
most common misdiagnosis and comorbidity, but can be
identified by resolution of symptoms with quick acting bron-
chodilator therapy, by the presence of expiratory wheezing, and
by spirometric evidence of airflow obstruction.”*"*” Symptoms
of mast cell activation in severe allergic reactions, as suspected in
the case above, generally are not limited to the larynx, and often
present with angioedema as well as vital sign changes such as
hypotension, tachycardia, tachypnea, hypoxemia, and urticaria.
These symptoms are often accompanied by helpful confirmatory
biomarkers such as elevated tryptase. Angioedema induced by
angiotensin converting enzyme (ACE) inhibitors can be difficult
to differentiate acutely because of low levels of laryngeal
angioedema. However, a clue comes from their distinct kinetics:
PVEM symptoms typically resolve within minutes with treat-
ment, whereas ACE inhibitor reactions can take hours to resolve.
Both infectious causes and laryngeal tracheal stenosis present
with gradual onset of symptoms. Infectious causes would also be
expected to have concomitant symptoms such as fever and
odynophagia.”® Laryngeal and tracheal stenosis may present with
stridor, either biphasic or only inspiratory. Subglottic stenosis
either congenital or acquired can be visualized by laryngoscopy
and x-ray. Bilateral vocal cord paralysis presents very similarly to
PVEM, with the most notable difference being the lack of throat
tightness that is reported with PVEM; also, bilateral vocal cord
paralysis is commonly observed as a complication of surgery or
neurological damage.””

In our case, in which there was no obvious extrinsic inhalation
exposure or direct intrinsic insult to the vocal cords that can
easily explain the development of PVFM, we strongly suspect
that anxiety on the part of the patient was the dominant
precipitating factor. Biochemical evidence, such as the negative
serum tryptase, argues against a true systemic hypersensitivity
reaction. Although the patient never underwent blinded skin
testing, the stereotypical response to a wide variety of structurally
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unrelated drugs to which she was tested (including antibiotics,
local anesthetics, and biologic agents such as tocilizumab and
omalizumab) is most economically explained by attributing the
reactions to the patient’s psychological state, which was the one
consistent factor among all her episodes. We suspect that a
number of adverse reactions to medications early in her “allergy”
history may actually have been anxiety-induced PVFM that we
misdiagnosed as mast cell-mediated hypersensitivity.

MANAGEMENT
Short term

Once the diagnosis has been made, the treatment of acute
PVEM should be focused on relieving airway obstruction with a
combination of patient reassurance and breathing tech-
niques.®***” Patient education and reassurance are effective in
relieving acute airway symptoms, but breathing techniques have
been shown to provide the most rapid relief.”*** Education
includes showing the patient normal vocal cord motion as well as
the patient’s own laryngoscopy video.”® Effective breathing
techniques include pursed-lip exhalation, breathing through a
large-diameter straw, and panting. The purpose of the breathing
techniques is to disrupt the irregular respiratory pattern or spasm
and relax the vocal folds.*'®***” Benzodiazepines have been
shown to be effective in relaxing patients and terminating acute
symptoms of PVFM but have a risk of oversedating the patient
and suppressing respiratory drive.'”?"**?" Another effective
treatment is the use of heliox, a mixture of helium and oxygen
that is less dense than air and reduces turbulence on inhalation,
and thus requires less effort to breathe. This has no effect on the
vocal cords themselves, but decreases the patient’s work to
breath.”"*”***" Ketamine and nebulized lidocaine have also
been reported to help treat acute symptoms.®*

Long term

Multidisciplinary follow-up is critical for long-term manage-
ment of PVEM and includes a combination of speech pathology
and otolaryngology. Psychiatric care is important when there is
underlying psychopathology, but is not universally required.
Goals associated with long-term care include managing triggers
and exacerbations brought on by illness or stress, cessation of
unnecessary medication, and avoidance of frequent ED admis-
sions.”'” Speech pathology with respiratory training has been
shown to be the most effective, with symptom control in up to
90% of patients.””’

CONCLUSION

Identifying patients with PVFM during acute symptoms is
critical to provide appropriate treatment and prevent unnecessary
use of resources. A high index of suspicion should be maintained
in patients with adverse drug reactions requiring the use of
epinephrine, ED visits, ICU admissions, or intubation with
symptoms limited to airway complaints and a normal serum
tryptase. The key to treating patients with PVFM is identifying
the typical symptoms of dyspnea, stridor, difficulty speaking, and
hoarseness without angioedema or vital sign changes. We
recommend early evaluation by laryngoscopy or referral to
otolaryngology, as this can prevent unnecessary use of medica-
tions and hospital resources.
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