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ABSTRACT

This report describes a case of severe inducible laryngeal obstruction (ILO) in an emergency department nurse. Onset of the condition occurred after
an episode of exposure to a disinfectant product containing hydrogen peroxide, peracetic acid, and acetic acid. Previously exposures had been
tolerated by the nurse over a period of nine months. Influenza infection may have been a predisposing factor. Despite various interventions,
including botulinum toxin A injections, suture lateralization of the right true vocal cord, and right CO2 laser transverse cordotomy with partial
medial arytenoidectomy, the patient continued to experience severe symptoms. Ultimately, a tracheostomy was performed to alleviate the
obstruction. This case highlights the need for heightened clinician awareness, early and accurate diagnosis, and the development of effective
management strategies for ILO patients.

1. Introduction

Inducible laryngeal obstruction (ILO) is a condition characterized by abnormal vocal cord motion during breathing. It has been
referred to by over 40 different terms, including vocal cord dysfunction and paradoxical vocal cord motion. In individuals with ILO, the
vocal cords may close or partially close during inhalation, causing a blockage of airflow. Symptoms are often highly variable [1] and
typically include stridor, dyspnea, chest tightness, dysphonia, globus sensation, throat tightness, and cough. Several conditions can
co-occur with ILO including asthma, chronic cough, and psychiatric disorders (e.g., generalized anxiety disorder, major depressive
disorder) [2]. ILO is more commonly diagnosed in female patients and can occur at any age but is most commonly diagnosed in
patients between 30 and 40 years of age [2]. Prevalence of ILO is largely unknown. A study of 1025 patients with dyspnea found an ILO
prevalence of 2.8 %, and in a meta-analysis of adult patients with asthma, the ILO prevalence was 25 % [3]. Diagnosis is confirmed by
direct visualization of the abnormal vocal cord motion via laryngoscopy [4]. However, diagnoses are often delayed due to initial
misdiagnosis as asthma, leading to increased direct and indirect healthcare costs for affected patients [5]. Increased awareness and
early diagnosis by treating clinicians are crucial to appropriately manage patients with ILO and minimize costs associated with
prolonged time to diagnosis.

The causal mechanisms of ILO have not been fully elucidated, but exposure to irritants or allergens often precedes ILO onset.
Previous research has documented the development of ILO following exposure to cleaning chemicals including glutaraldehyde [6],
chlorine [7], and ammonia [8]. Common antecedents of ILO symptom exacerbation include talking, laughing, singing, acid reflux,
cough, physical exertion, exercise, weather changes, emotional stress, perfumes, and deodorants [9].

In this article, we describe a case involving an emergency department nurse who developed ILO after workplace exposure to a
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disinfectant containing hydrogen peroxide (HP), peracetic acid (PAA), and acetic acid (AA). The severity of symptoms eventually led to
a tracheostomy and removal from the workplace.

2. Case report

A 36-year-old female emergency department nurse, who was a non-smoker with no known chronic medical conditions, experienced
a severe reaction following exposure to a disinfectant cleaning product containing a mixture of HP, PAA, and AA. The cleaning product
was used on surfaces throughout the hospital including patient rooms and bathrooms, operating rooms, and public restrooms. She had
been working as a nurse for six years and had been exposed to the cleaning product at work for nine months prior to the incident. In
early 2016, the patient reported smelling the cleaning product’s distinctive vinegar-like odor while she was completing patient
documentation near a hospital employee performing cleaning activities. Within 15 minutes, she developed chest tightness, dyspnea,
wheezing, itchy eyes, throat pain, and audible stridor. She was noted to be hypoxic, requiring 8 L/min of oxygen by nasal cannula. In
the emergency department, she was treated with non-invasive positive pressure ventilation (NIPPV), nebulized racemic epinephrine
and budesonide, intravenous dexamethasone, diphenhydramine, and lorazepam, with improvement. An otolaryngologist performed a
bedside fiberoptic laryngoscopy and diagnosed paradoxical vocal cord motion and bronchospasm. No subglottic stenosis was observed.
She was admitted and intubated to control the airway. Chest computed tomography angiography and chest radiograph revealed no
infiltrates, pulmonary emboli, or other concerning abnormalities. An environmental allergen serum immunoglobin E (IgE) panel
showed one positive result for Alternaria alternata (2.90 kUA/L), although the total IgE was not elevated (30 kUA/L). She underwent no
additional allergy testing. She tested positive for influenza on a polymerase chain reaction test two days after the initial event. She was
prescribed albuterol, lorazepam, and oseltamivir upon discharge. A timeline summarizing her clinical course is provided in Fig. 1.

Three weeks later, the patient’s symptoms had resolved. Four weeks after the initial event, the patient smelled a consumer cleaning
product at home which triggered stridor and resulted in another hospital admission, during which she was treated with NIPPV and
diazepam. After three days, she was discharged with prescriptions for diazepam, omeprazole (laryngopharyngeal reflux was noted
during laryngoscopic exam), and a home NIPPV unit. She began seeing a speech therapist, and although she reported frequent attacks
of stridor, the stridor improved. The speech therapist noted frequent muscle spasms in her chest and neck, and baclofen was prescribed.
On psychological evaluation, she was diagnosed with adjustment disorder with mixed anxiety and depressed mood and post-traumatic
stress disorder. She remained out of the workplace.

Six weeks after the initial event, the patient returned to the emergency department because she experienced an attack of dyspnea
and stridor after smelling perfume. Despite treatment with NIPPV, intravenous methyl-prednisolone, benzodiazepines, and racemic
epinephrine, she required hospital admission and intubation with mechanical ventilation due to unresolved stridor and shortness of
breath. During her hospital stay, botulinum toxin A injections were administered to her right and left thyroarytenoid muscles,
respectively, and she was discharged on an eight-day steroid taper. She reported a cessation of attacks for approximately a week, but
subsequently, attacks recurred triggered by strong odors, which improved with NIPPV and diazepam. She received additional botu-
linum toxin A injections to both thyroarytenoid muscles two weeks after discharge. Eighteen days after discharge, she was re-admitted
to the hospital due to an attack that was triggered by spirometry testing during an allergist appointment. During this admission, she
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Fig. 1. Timeline of procedures after the exposure event. Each vertical “spoke” marks the date of the exposure event or therapeutic intervention.
Procedures include botulinum toxin A injections (Botox), suture lateralization, CO, laser transverse cordotomy, cordotomy revision, and
tracheostomy.
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was not intubated. She received additional botulinum toxin A injections to her thyroarytenoid muscles but remained symptomatic. A
suture lateralization of her right true vocal cord was performed to open the glottis and prevent obstruction, and she was discharged six
days after admission.

The suture lateralization of the right true vocal cord did not decrease the frequency of attacks. Three weeks later, a microsuspension
direct laryngoscopy with right CO5 laser transverse cordotomy with partial medial arytenoidectomy was performed and repeated after
two weeks. During this time, the patient began attending sessions with a psychotherapist. The patient continued in speech therapy, and
she was taught breathing techniques to resolve her symptoms. The frequency of exacerbations decreased in the first few weeks after the
cordotomy revision, but her symptoms recurred, with no resolution with additional treatment with nebulized lidocaine and oral
clonidine. Over the next several months, she had three visits to the emergency department and additional botulinum toxin A injections
that did not improve her condition.

During her third visit to the emergency department nine months after the initial event, a tracheostomy was performed. After the
tracheostomy, the patient continued speech therapy and psychotherapy appointments. Three months after the tracheostomy, she
reported having weekly episodes of stridor when the tracheostomy was capped, forcing her to move air through her larynx. During
attacks, she would uncap the Montgomery cannula to bypass the upper airway obstruction and alleviate her symptoms. Four months
after the tracheostomy, she reported having daily episodes that would last up to 3 h with muscle spasms across her neck, chest, and into
her shoulders, which her physicians attributed to her ILO episodes.

3. Discussion

This report describes a case of severe ILO in an emergency room nurse that developed after an episode of exposure to a disinfectant
cleaning product containing a mixture of irritants including HP, PAA, and AA that had been used in her workplace for nine months
prior to the episode. During her hospitalization, she was also diagnosed with influenza. Exposure measurements of HP, PAA, and AA in
her workplace prior to her development of ILO were not available. However, a subsequent exposure assessment in 2018 at her
workplace indicated exposures that were significantly associated with work-related eye and airway symptoms among hospital staff,
despite low levels of measured exposure (all levels of HP and AA below established occupational exposure limits) [10]. Botulinum
toxin A injections, suture lateralization of the right true vocal cord, and a vocal cord cordotomy with partial medial arytenoidectomy
provided only temporary relief from her symptoms of wheezing, stridor, and dyspnea that were triggered by exposures to cleaning
solutions, perfumes, deodorants, and other irritants. The patient underwent a tracheostomy for management of frequent laryngeal
spasms that persisted five years after her ILO diagnosis. Her recurrence of symptoms with exposure to various odors and chemicals
necessitated permanent workplace removal 6 weeks after initial event and subsequent ILO diagnosis.

Cases of work-related asthma among healthcare workers as well as associations between exposure to cleaning and disinfecting
products and increases in respiratory symptoms, are well established [11]. Development of ILO after exposure to disinfecting products
among nurses has also been reported previously [6,8,12]. One case occurred following frequent exposure to a PAA and HP mixture
[12], two of the three chemicals in the mixture to which the case patient was exposed. The present case, however, is the first reported
that has resulted in severe ILO requiring a tracheostomy and workplace removal.

Although there is a dearth of studies assessing changes in quality of life and economic consequences associated with ILO, there are
several studies that have examined outcomes associated with work-related asthma (WRA). WRA is similar to ILO in that both con-
ditions are frequently diagnosed after substantial delays to diagnosis [13], can involve similar symptoms [13], and often co-occurs
with ILO [3]. In WRA, removal from the workplace is often required to improve or resolve symptoms, and this often results in loss
of income due to job change or unemployment. Sometimes leaving the workplace is insufficient to improve prognosis, and patients
may not see an improvement in symptoms after terminating workplace exposures [14].

The chemical solution that the case patient was exposed to immediately before ILO onset is a mixture of HP, PAA, and AA. Exposure
to this mixture has been associated with significant increases in work-related nasal and eye irritation, shortness of breath, and wheeze
among hospital staff [10]. HP and PAA are strong oxidants, and symptoms reported in previous studies of exposed hospital staff
occurred at exposures below established occupational exposure limits for HP and proposed exposure limits for PAA [10].

The case patient was given a series of increasingly invasive treatments, many of which were effective for only short periods of time.
No prospective studies have been conducted to assess the efficacy of therapeutic interventions, and a recent review of ILO treatment
found that most of the research on treatment effectiveness is relatively low-quality with a lack of longer-term follow up [15]. The bulk
of the studies reported in the review were concerned with glottic airway and respiratory retraining which can be effective in managing
ILO symptoms for some patients. The case patient did visit a speech language pathologist several times and found the exercises to be
moderately effective, but these interventions were insufficient in reducing the severity of symptom exacerbation when exposed to
environmental triggers. Botulinum toxin injections have been found to be effective for some ILO patients [16], but as in the present
case, the relief provided is often temporary and frequent injections may be required [17]. The case patient had a suture lateralization of
the right true vocal cord, which is a procedure that has been reported to result in tracheostomy decannulation in two ILO patients [18,
19]. In the present case, however, the procedure was ineffective at reducing ILO symptoms, and a tracheostomy was performed.
Tracheostomy placement occurs inferior to the larynx and vocal cords. When the tracheostomy canula is open, it provides a mechanism
for airflow that will bypass any obstruction superior to the tracheostomy canula. If the canula is capped, however, airflow must occur
from the mouth or nose and through the larynx and vocal cords. Thus, tracheostomy provides a solution for ILO, but air must be able to
pass through the tracheostomy to provide this benefit.

The role of psychopathology in ILO remains a complex issue. Historically, ILO was considered a psychogenic phenomenon and was
originally described as “Munchausen’s stridor” [20]. However, subsequent research has suggested that the etiology of ILO is
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multifactorial. ILO can be present in the absence of a psychological disorder [21] and has also been associated with other conditions,
such as gastroesophageal reflux disease (GERD) [21] and asthma [22]. As in the present case, ILO developed after exposure to irritants
[21]. It is also possible that psychological disorders may develop subsequent to the development of respiratory symptoms. Symptoms
of ILO have been known to induce feelings of panic in affected individuals [2], and anxiety disorders are often co-morbid with other
respiratory conditions like asthma [23]. In the present case, the patient had been treated for postpartum depression on an outpatient
basis following the birth of her child, 11 years prior to her ILO diagnosis. The patient reported no other psychiatric diagnoses before the
ILO diagnosis.

The case patient tested positive for influenza while in the intensive care unit, two days after experiencing wheezing, dyspnea, and
stridor. Notably, she did not report any influenza symptoms on the day of the initial event, and the consulting infectious disease
physician documented that her influenza infection was likely acquired after the hospital admission. There have been two documented
cases of ILO onset after viral upper respiratory tract infection, additionally, three cases reported ILO with onset after COVID-19
infection [24-26], and one case of exacerbation of existing ILO with viral upper respiratory tract infection [27]. In all cases, the
patients had symptomatic infections when they developed ILO. It is possible that the influenza infection played a role in the sudden
development of ILO and subsequent intolerance to the cleaning and disinfecting agent. Additionally, her most severe episodes were
accompanied by symptoms of spasms across the neck, chest, and shoulders and left shoulder tightness. Chest tightness represents a
cardinal feature of laryngeal dysfunction, although “spasms” may be less typical. Laryngeal dysfunction presents with symptoms
localizing to the neck and upper chest [28]. When severe, abnormal chest movement may be observed, such as sternal recession [29].
While the reporting of “spasms” in muscles adjacent to the larynx and neck could be a manifestation of a different condition, spasms
were not reported or observed elsewhere in the body, and no alternate diagnoses were concluded by her clinicians.

4. Conclusion

This case report describes the development and treatment of ILO in an emergency room nurse after exposure to a mixture of HP,
PAA, and AA. The severity of her ILO led to tracheostomy which has not eliminated her symptoms when the tracheostomy remains
capped and not drawing air through it. This case is indicative of the potentially serious risks of exposure to common disinfecting agents
used in healthcare settings and demonstrates the need for increased clinician awareness and early diagnosis of ILO to implement
appropriate management. Further, additional studies could help improve the currently limited understanding of work-related expo-
sures and occupational ILO such that appropriate exposure mitigation strategies can be adopted, thereby reducing the burden from
ILO.
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