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Purpose of review

Work-related laryngeal syndromes

This review summarizes recent literature regarding the association of nonorganic laryngeal dysfunction with
occupational exposures. Laryngeal dysfunction may masquerade as asthma and is an important
consideration in patients with work-associated respiratory symptoms.

Recent findings

Although there is lack of consensus regarding clinical features, vocal cord dysfunction (VCD) is the most
well appreciated form of nonorganic laryngeal dysfunction. There are significant gaps in the literature
regarding the occupational epidemiology of laryngeal dysfunction, however, occupational exposures such
as upper airway irritants may be associated with the onset of symptoms. Recurrent work-associated
laryngeal dysfunction has been described in occupational groups including the military and professional
athletes. Recent theories have considered that VCD may be a state of laryngeal hyperresponsiveness
associated with both intrinsic and extrinsic factors.

Summary

Laryngeal dysfunction is an important consideration in patients with work-associated respiratory symptoms.
Clinicians should have a high index of suspicion, in particular, if symptoms are associated with exposure to
a respiratory irritant. Situations of high psychological stress may also be associated with recurrent
symptoms. There is a requirement for evidence-based guidelines for the diagnosis and management of
laryngeal dysfunction, which should also address work-related factors.

Keywords

laryngeal dysfunction, vocal cord dysfunction, work-related asthma

Recently, there has been growing recognition of
the importance of laryngeal dysfunction, specifi-
cally vocal cord dysfunction (VCD), as an important
cause of episodic respiratory symptoms, and as a
condition which may masquerade as asthma [1"].
Workplace exposures have been reported as precip-
itants for the development of nonorganic laryngeal
dystunction and also as triggers for recurrent symp-
toms [2-4]. Work-related asthma is the most
common occupational lung disease in developed
countries and as laryngeal dysfunction may be dif-
ficult to clinically differentiate from asthma, it is
import to consider this diagnosis as a cause of work-
related respiratory symptoms [5,6].

VCD is likely to be the most well appreciated
manifestation of nonorganic dysfunctional laryng-
eal behaviour [7]. The larynx is a complex structure
responsible for maintaining an airway to the lower
respiratory tract, protection of the lower respiratory
tract and phonation [2]. Protection of the lower
respiratory tract following exposure to irritant
inhaled stimuli involves the involuntary cough
reflex and the laryngeal/glottic closure reflex.
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Inappropriate laryngeal closure by involuntary
adduction of the vocal cords (folds) during respir-
ation results in variable upper airway obstruction
and the most typical symptoms of VCD.

Unfortunately, there is lack of consensus regard-
ing clinical features and terminology of laryngeal
dystunction [8™,9] as listed below:

(1) emotional laryngeal wheezing;

(2) episodic laryngeal dyskinesia;

(3) episodic paroxysmal laryngospasm;
(4) exercise-induced laryngospasm;

(5) factitious asthma;

(6) functional laryngeal dyskinesia;
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Occupational disease

KEY POINTS

e Occupational exposures, such as respiratory irritants,
may both precipitate and perpetuate recurrent
symptoms of laryngeal dysfunction.

o Work-related asthma is the most common occupational
lung disease in developed countries and as laryngeal
dysfunction may be difficult to clinically differentiate
from asthma, it is important to consider this diagnosis a
cause of work-related respiratory symptoms.

e Substantial further research is required to better
understand the pathophysiology and epidemiology of
laryngeal dysfunction, and to validate
diagnostic approaches.

(7) functional laryngeal obstruction;
(8) functional laryngeal stridor;
(9) functional upper airway obstruction;
(10) irritable larynx syndrome (ILS);
(11) irritant-induced vocal cord dysfunction
(IVCD);
(12) munchausen stridor;
(13) nonorganic upper airway obstruction;
(14) paradoxical vocal cord motion (PVCM);
(15) periodic occurrence of laryngeal obstruction;
(16) pseudoasthma;
(17) psychogenic upper airway obstruction;
(18) psychogenic stridor;
(19) VCD;
(20) work-associated
(WILS).

irritable larynx syndrome

Some authors have a generalized view of dys-
functional laryngeal behaviour and include features
such as globus pharyngeus and dysphonia, whereas
others restrict the diagnosis to acute upper airway
obstruction due to paradoxical vocal cord adduction
[7,8%,10]. Recently, there has been a recommen-
dation to utilize the term periodic occurrence of
laryngeal obstruction (POLO), encompassing VCD,
paroxysmal vocal fold (cord) motion and laryngo-
malacia [8""]. This review will focus on nonorganic
laryngeal dysfunction in which VCD is a central
feature.

Laryngeal dysfunction may masquerade with symp-
toms suggestive of asthma and may coexist with
asthma [11-14]. Symptoms of intermittent dysp-
nea, wheeze and cough are common to both asthma
and VCD. Patients may have been treated for asthma
for several years with poor response to therapy [11].
Medical utilization and oral steroid therapy have

96 www.co-allergy.com

been demonstrated to be high in patients with VCD
[15,16].

Features which suggest VCD include a sensation
of inspiratory limitation, rather than expiratory as is
usual in asthma, and tightness in throat rather than
chest. During an acute episode, the wheeze may be
loudest over the neck and upper thorax but trans-
mitted to the chest wall. Hyperventilation during an
episode may lead to symptoms such as tingling of
the perioral area and digits, dizziness and light-
headedness. Frequently, episodes have a rapid onset
and resolution [8"%]. WILS is a condition which has
been proposed to include other laryngeal symptoms
such as acute dysphonia (muscular tension dyspho-
nia), sensation of tension in the throat (globus
pharyngeus), recurrent cough and sometime dys-
phagia, with a specific sensory workplace trigger
present [4,10].

Clinically, the association of laryngeal dysfunc-
tion with occupation may be with both the onset of
the condition and a trigger for ongoing symptoms
(3,4,17,18]. Exposure of the upper respiratory tract
to an irritant at the workplace, such as caused by an
accidental spill of a water-soluble agent, may be
associated with the onset of symptoms. The event
may have been psychologically traumatic and
required emergency medical treatment. Perkner
et al. [3] described a variable latency between occu-
pational irritant exposure and the onset of VCD
symptoms, ranging from 1h or less to 24 h.

Recurrent symptoms of laryngeal dysfunction
may be primarily related to occupational factors
including irritant exposures, physical exertion and
psychogenic factors [4,8™,13,18,19]. Andrianopou-
losetal. [7] noted 10 of 27 patients with VCD having
sensory triggers for symptoms including exposures
to environmental stimuli, which may be presentin a
work environment such as perfumes, air pollutants
and chemical agents. Members of the military
involved in combat and elite athletes at sports com-
petitions may experience periods of acute extreme
stress, and may be a trigger for episodes of VCD
[13,19].

Nonoccupational factors, which have been
associated with laryngeal dysfunction, include post-
nasal drip, gastrooesophageal reflux, coexistent
asthma and the presence of coexistent psychopa-
thology [8"%,10,14,15,20].

There are no large prospective population or indus-
try-based epidemiological studies investigating the
prevalence of laryngeal dysfunction. The data for
laryngeal dysfunction are primarily based on case
studies and series. There is some evidence that the
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prevalence of the condition is more common in
women than men; however, the difference is not
as significant as may be commonly assumed. The
available literature suggests a female-to-male ratio of
2:1-3:1 [8™,9].

The prevalence of VCD in association with
asthma is currently unclear. One study [21] of 96
patients with asthma and 40 controls noted the
presence of VCD in 19% of patients based on direct
laryngoscopy compared with 5% of controls. No
known studies have addressed the prevalence of
VCD in association with work-related asthma.
One retrospective study [4] of 340 patients assessed
for work-related respiratory symptoms over a 5-year
period identified 90 patients with work-related
asthma (including four with irritant-induced occu-
pational asthma) and 30 WILS. Five patients had
concurrent diagnoses of WILS and work-
related asthma.

Occupational exposures to airborne irritants may
result in inflammation of the upper respiratory tract.
Very high-level acute irritant exposure may cause
laryngeal oedema with associated respiratory com-
promise [22]. Meggs [23] described ‘reactive upper
airway dysfunction syndrome’ (RUDS), a syndrome
of chronic rhinosinusitis (nasal and/or sinus inflam-
mation) initiated by high-level exposure to inhaled
irritants, with recurrence of symptoms after re-
exposure to irritants. RUDS does not, however,
include symptoms of laryngeal dysfunction, such
as VCD.

Perkner et al. [3] described the condition of
‘irritant-associated VCD’ as listed below:

(1) documented absence of preceding vocal cord
dysfunction or laryngeal disease;

(2) onset of symptoms after a single specific
exposure or accident;

(3) exposure to an irritating gas, smoke, fume,
vapour, mist, or dust;

(4) onset of symptoms within 24 h after exposure;

(5) symptoms of wheezing, stridor, dyspnea, cough,
or throat tightness;

(6) abnormal direct laryngoscopy for vocal cord
dysfunction either in the asymptomatic state,
during symptoms, or with a provocative study;

(7) exclusion of other types of significant vocal cord
disease.

The authors investigated the development of
persistent symptoms of laryngeal dysfunction fol-
lowing an acute irritant exposure affecting the upper
airway and performed a case—control study [3]
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comparing 11 cases of laryngoscopically confirmed
irritant-associated VCD with 33 VCD controls. Cases
of irritant-associated VCD developed following
single-episode exposures to environmental (n=1)
or occupational (n=10) irritants. Exposures
included ammonia vapour, fumes from inappropri-
ate mixing of flux and solder, an aerosolized clean-
ing solution, a noxious odour while cooking ‘Cajun
salmon’ and ceiling tile dust and smoke [3].

Fourteen of 30 patients with WILS identified a
specific precipitating event at the workplace at the
time of the onset of their symptoms, and five of
these patients presented to the emergency depart-
ment following this event [4].

Rescue and recovery workers at the World Trade
Centre (WTC) site following the terrorist attacks
of September 11 2001 were exposed to high levels
of dust capable of causing irritation and inflam-
mation of the upper respiratory tract. The dust
present at the site, evaluated 4 days after the disaster,
was very alkaline (pH 9.2-11.5) due to the quantity
of pulverized cement [24,25""].

Analysis of spirometry performed on former
WTC rescue and cleanup workers, and volunteers
attending the WTC Health Effects Treatment Pro-
gram, identified inspiratory flow-volume loop
limitation consistent with variable extrathoracic air-
flow obstruction in 18.6% (32 of 172) of patients
[26]. VCD was diagnosed in 10 workers by flexible
laryngoscopic examination. All patients had coex-
istent findings of laryngopharyngitis suggestive of
acid reflux-related disease. It has been proposed that
upper airway dysfunction in this group is likely to
have been precipitated by upper airway inflam-
mation due to acute irritant dust exposure and
perpetuated by gastroesopageal reflux, rhinitis
and coexistent psychopathology, stemming from
the psychological stressors of the WTC disaster
[25%,26].

Healthcare workers, specifically nurses, are often
cited as a group with a high incidence or pre-
disposition for VCD [11,14,17,18]. Review of
the literature, however, fails to find substantial
evidence to support this commonly held belief
[9]. Frequently, review articles are cited which
do not provide specific epidemiological data.
The perception appears to be based on a small
number of early case studies and case series with-
out objective substantiation of the diagnosis of
VCD [12,27].

www.co-allergy.com 97



Occupational disease

VCD has frequently been reported in elite and pro-
fessional athletes [13,28]. VCD may be difficult to
clinically differentiate from exercise-induced bron-
chospasm and often may coexist. Exercise-associated
VCD may present with exertional dyspnoea with
associated inspiratory stridor. It has been reported
that symptoms of throat rather than chest tightness
may be present, with symptoms beginning soon after
exercise starts and resolution within 5 min of stop-
ping exercise [28].

The prevalence of inspiratory stridor was inves-
tigated in 370 athletes from a wide range of
predominately winter sports (169 competed in out-
door sports, such as biathlon, kayaking and cross
country skiing, and 201 indoor sports, such as
skating and ice hockey) at the US Olympic training
centre in Lake Placid [28]. Participants provided a
medical history and underwent spirometry and
exercise challenge in cold, dry ambient conditions.
Exercise-induced bronchospasm was present in
30% of patients and inspiratory stridor in 5.1%
(18 women and one man). Ten of the patients
(52%) with inspiratory stridor also had exercise-
induced bronchospasm. Inspiratory stridor was
also more common in outdoor athletes than
indoor athletes (8.3 vs. 2.5%, P <0.05), suggesting
exercising in cold, dry ambient air may increase
sensitivity of the extrathoracic airway resulting in
VCD [28]. Others have speculated that VCD is a
conversion reaction associated with personality
traits, which may be common to some elite
athletes such as success orientation and vulner-
ability to internal and external pressure not to fail
[13].

In a study of 40 active duty military patients under-
going evaluation for exertional dyspnoea, Morris
et al. [29] performed flexible laryngoscopy with
direct visualization of the vocal cords before and
after exercise to evaluate the presence of inspiratory
vocal cord adduction. VCD was present in 15% of
prospectively studied patients. Sixty percent of
patients with VCD had a positive methacholine
challenge. The cause of VCD in military personnel
has not been determined; however, extreme psycho-
logical stress during wartime and training may con-
tribute, as may the high level of regular strenuous
exercise required [19,29].

The pathophysiology of VCD and laryngeal
dysfunction is undetermined; however, it is
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hypothesized to involve interactions of intrinsic
and environmental (potentially workplace) factors.
Psychopathology has commonly been proposed as
the etiological basis of VCD; however, more recent
theories have placed emphasis on organic causes,
such as altered neurological control of laryngeal
reflexes and the role of olfaction [3,4,7,10,30,31].

Morrison et al. [10] hypothesized that in ILS the
laryngeal controlling neurons are held in a ‘spasm-
ready’ state. Nociceptive stimuli (such as airborne
irritant exposure or gastroesophageal reflux) may
lead to ‘plastic’ changes in central neurons, low-
ering their threshold for initiating the glottic clo-
sure reflex [10]. Symptoms of cough, dysphonia,
globus and laryngospasm may then occur at rela-
tively low levels of stimuli. Similarly, Ayres and
Gabbott [30] suggested a state of ‘laryngeal hyper-
rresponsiveness’ underlying VCD and that an initial
inflammatory insult to the upper airway may result
in altered autonomic balance. The altered balance
may be transient or persistent. Further stimuli, such
as irritant exposures or stress, then result in trigger-
ing local parasympathetic reflexes causing airway
narrowing at the glottis. Ayres proposes that this
is an exaggeration of the larynx’s role in protective
of the lower respiratory tract. At the workplace
exposure to ‘low-level’ stimuli, such as perfumes,
cleaning products, odors and irritants, may then
result in triggering the laryngeal reflex inappropri-
ately [4].

Further research is required to determine
whether intrinsic factors, such as psychological
characteristics or gastroesophageal reflux, may
increase the risk of the development of laryngeal
dysfunction. Similarly, better characterization
of precipitating events is required including the
nature of precipitating exposures. The role of
psychological factors such as acute stress at the time
of the precipitating exposure, as may be experi-
enced in an industrial accident, also needs further
investigation.

There are no known validated recommendations
regarding the diagnosis of work-associated laryng-
eal dysfunction. The American College of Chest
Physicians consensus statement for the diagnosis
and management of work-related asthma recom-
mends consideration of nonasthma causes of work-
related respiratory symptoms including upper
airway dysfunction [6]. The development of respir-
atory symptoms following an irritant exposure at
the workplace may be due to a range of conditions
which require consideration, including irritant-
induced asthma, RUDS, VCD and WILS.
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Objective evaluation of pulmonary function is
necessary for the diagnosis of work-related asthma
[6]. The performance of spirometry may identity
features of VCD including truncation of the inspir-
atory limb of the flow-volume curve. This finding is
more likely to be present in the setting of active
symptoms; however, Newman et al. [15] reported
that 25% of their patients with asymptomatic PVCM
showed the characteristic inspiratory cut-off. Meth-
acholine and histamine challenges have been
reported to induce VCD; however, truncation of
the inspiratory flow-volume loop during metha-
choline challenge test has not been shown to be
diagnostic for the presence of inspiratory vocal cord
adduction [32]. Normal lung function tests in the
setting of a clinical suspicion of asthma should raise
the possibility of VCD as the cause of symptoms
[8™].

Morris and Christopher [8®"] have proposed
diagnostic criteria for VCD including: clinical
symptoms of noisy breathing and dyspnoea, lar-
yngoscopic evidence of vocal cord adduction and
confirmatory pulmonary function test findings of
an abnormal flow-volume loop (most commonly
the inspiratory limb) or lack of airway hyperreac-
tivity (Table 1). They stress the importance of
laryngoscopy to identify abnormal vocal fold move-
ment, but also to exclude anatomical upper airway
disorders, such as paralysis of vocal cords, tumours
and laryngomalacia. Laryngoscopy may also
identify rhinitis or gastroesophageal reflux, which
may contribute to ongoing symptoms. Limitations
of laryngoscopy are the lack of access to appropri-
ately skilled physicians, subjective nature of some
diagnostic features and the procedure may be
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poorly tolerated in patients with acute symptoms
[33].

Specific inhalational challenges are considered
to be the gold standard for the diagnosis of sensi-
tizer-induced occupational asthma. The role of
specific challenges in the diagnosis of work-
associated laryngeal dysfunction has not been
determined. Huggins et al. [18] reported the case
of a 46-year-old woman with episodic dyspnoea
that appeared primarily at work with exposure to
a eucalyptus plant. An initial challenge was per-
formed with exposure to eucalyptus and obser-
vation of the vocal cords with flexible fiberoptic
nasolaryngoscopy. Obvious adduction of the cords
was observed. A second masked challenge was per-
formed 1 month later with control irritant substan-
ces which did not induce cord adduction, but also
eucalyptus masked with ammonia which did have a
positive response.

The investigation of exercise-associated VCD
has been performed during and after treadmill
and bicycle ergometry exercise tests [29,34,35].
Exercise tests with continuous fiberoptic laryngo-
scopy were noted to be easy to perform, well tolerated
and useful in the diagnosis of exercise associated VCD
[34,35].

The management of laryngeal dysfunction
requires careful explanation of the condition and
feedback regarding the cause of dyspnoea [9]. This
should be done without the implication that the
disorder is purely psychological. The management
of acute VCD episodes may include relaxation

Table 1. Proposed diagnostic criteria for vocal cord dysfunction

Clinical symptoms

Prolonged symptoms

Recurrent, intermittent episodes
Shortness of breath

Upper airway stridor or wheezing

Reproducible causative or inciting factor

Laryngoscopy

Adduction of vocal cords during inspiration, or both inspiration and expiration

>50% closure of cords

Intermittent findings

May be normal when asymptomatic

May normalize with vocalization

‘Posterior chinking’~variable finding

Pulmonary function tests (criteria for suspected VCD)

Normal spirometry (no response to bronchodilator)

Negative bronchoprovocation testing

Abnormal (truncated or flattened) inspiratory flow-volume loop

VCD, vocal cord dysfunction. Reproduced with permission from [8™"].
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techniques such as pursing lips and active reassur-
ance despite the sensation of severe dyspnoea
[7,9,36]. Anxiolytic medications may be con-
sidered [37]. Continuous positive airway pressure
and Heliox (a gas mixture of 80% helium and 20%
oxygen) inhalation has been shown to be effective
in a proportion of patients during acute episodes
[38,39].

Chronic therapy is wusually necessary and
requires a multidisciplinary approach [7,9,40"].
Patients with work-associated symptoms should
be questioned regarding specific triggers and
measures should be in place to minimize exposure
to triggers. Patients should be educated that stress
can be a factor contributing to VCD episodes. The
success of this approach, however, has not been
investigated. Speech therapy and relaxation tech-
niques may be useful to manage ongoing symptoms
[40%,41]. Specific recommendations include focus-
ing attention away from inhalation, increasing the
patient’s awareness of ‘early warning signs’ of an
attack so they can institute breathing exercises and
empowering patients to take voluntary control of
their breathing [9]. In a study [42] of 20 adolescent
female athletes, 95% were able to control their
symptoms after speech therapy. Biofeedback has
been found to be beneficial in some athletes
with VCD [43]. Psychological evaluation and
therapy may be required to address anxiety, affec-
tive, personality or posttraumatic stress disorders
[7,10,40%].

Unfortunately, there are clear deficiencies in the
literature regarding the epidemiology, pathogenesis
and diagnosis of laryngeal dysfunction. This
deficiency is more significant in work-associated
laryngeal dysfunction. Further research is clearly
required. Clinicians should, however, consider the
diagnosis of laryngeal dysfunction when assessing
patients with work-associated respiratory symp-
toms. Evidence-based guidelines need to be devel-
oped to assist clinicians in the diagnosis and
management of laryngeal dysfunction.
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