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IMPACT

Asthma is a common chronic disorder of the airways that involves a complex interaction of
airflow obstruction, bronchial hyperresponsiveness, and underlying inflammation.®® Increased
airway responsiveness to a variety of stimuli is typical. Work-related asthma (WRA) includes
both occupational asthma (OA, asthma of occupational origin) and work exacerbated asthma
(WEA). OA includes sensitizer-induced asthma, resulting from sensitization to an antigen in the
workplace, and irritant-induced asthma, resulting from reactive airways disease, which has been
provoked by workplace exposures to irritants. Each has the potential for considerable acute
morbidity, long-term disability, and adverse social and economic impacts.(©12

Occupational asthma has become the most common form of occupational lung disease in many
industrialized countries, with approximately 10 to 15% of all prevalent cases of adult asthma
attributed to occupational factors.®2 11.13.19 The percentage of new onset adult asthma
attributable to occupational causes is considered to be much higher, up to a third of all cases.®>
16) The frequency of work-exacerbated asthma, defined as preexisting reactive airways disease
that is made temporarily or permanently worse due to occupational exposures, is known to be
much higher than new-onset occupational asthma.®”

The diagnosis of occupational asthma is a specialty-level function and is usually done by
physicians who have special training and expertise in occupational lung disease and workplace
exposures. If the treating physician does not have this specialized expertise, prompt referral is
advised.

WORK-RELATED ASTHMA

Work-related asthma (WRA) presents with symptoms of asthma that began or became worse at
work, usually in the context of exposure to a new chemical or environmental change. The
symptoms may occur during or after work hours. The specific respiratory symptoms in WRA
patients are the same as in non-WRA patients, which requires a high level of suspicion and
incorporation of work history in the evaluation of all cases of adult-onset asthma. They include
cough, wheeze, shortness of breath, and chest tightness, with physiological evidence of
reversible/variable airway obstruction and/or hyperresponsiveness.®: 67

Occupational asthma (OA) is defined as new onset asthma in the workplace and can be caused
by exposure to either a workplace sensitizer or an irritant. OA is further classified into OA with
latency or OA without latency. OA without latency is less common and is believed to represent
between 5 and 15 percent of all OA cases.¥ OA with latency is observed in all instances of
immunologically mediated asthma. The latency period, which represents the time between the
first exposure and the development of symptoms, can vary from weeks to years. It reflects the
time for induction of an immunological response to the workplace allergen. OA without latency
can occur after a single exposure to irritant gas, fumes, or chemicals, such as nitrogen oxide,
ammonia, and chloride.® *® This was originally classified as reactive airways dysfunction
syndrome (RADS).®® RADS is an overused diagnosis and should be reserved for new onset
reactive airways associated with a single incident. It classically relies on a single high-level
(non-routine) exposure to an inhaled irritant.

Brooks and other authors have suggested modification of these criteria to include a role for
multiple cumulative irritant insults or even for an allergic diathesis along with the irritant
exposure that would result in new onset workplace asthma that would involve latency. It has
been reported that low-level irritant-induced occupational asthma with latency may be difficult to
distinguish clinically from sensitization-induced asthma.*® However, clear-cut guidelines beyond
Brooks 1985 have not been established for such irritant induced asthma.@® 21
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Work Exacerbated Asthma (WEA) is defined as “preexisting or concurrent asthma that is
worsened by workplace conditions;” the activation of preexistent asthma or bronchia hyper-
responsiveness may occur due to many factors such as temperature, exercise, dust, or low
level irritants. 7 22)

In summary, irritant induced asthma includes (a) RADS, which develops after a single episode
of high level exposure or (b) “not so sudden” onset irritant induced asthma, which occurs after
single or repetitive episodes of exposures. The “not so sudden” cases often, but not always,
have a history of pre-existing asthma that was in remission at the time of exposure. WEA occurs
when an individual with pre-existing/concurrent asthma develops a worsening condition due to
exposures specific to the workplace.

Prevalence estimates of asthma and WRA have been assessed in small cohort and cross-
sectional studies. Studies of workplaces with exposures to specific substances reported
prevalences of asthma or OA ranging from 3% to 54%.% 2 2324 More than 200 agents have
been reported to cause WRA, based on epidemiological and/or clinic evidence. Asthmagens
(sensitizing antigens resulting in asthma) are often classified into categories based on their
molecular weight, with high molecular weight defined as >5,000 daltons versus low molecular
weight <5,000 daltons. Molecular weights are believed to be important in the mechanisms of
action in the development of OA.®)

The predisposing factors for developing WRA are not well known. Atopy is the primary
established risk factor for occupational asthma, operating largely with respect to high molecular
weight antigens such as animal proteins. It has been proposed that human leukocyte antigen
class-2 (HLA class Il) alleles can be a risk factor for the development of WRA resulting from
low-molecular weight agents.2 25 26) However, HLA typing is not routinely performed for asthma
clinically and has no demonstrated value in individual diagnosis.

Medical management and compensation decisions require a thorough assessment of suspected
OA. OA may be mistaken for non-occupational asthma unless a detailed history, including
occupational history, and appropriate medical tests are performed to support an association with
work.@"

SUMMARY OF RECOMMENDATIONS

Summary Table: Recommendations and Evidence

Table 1 summarizes the recommendations from the Evidence-based Practice Asthma Panel for
diagnostic testing for occupational asthma. Table 2 summarizes the recommendations for
management of occupational asthma. The recommendations are based on critically appraised
higher quality research evidence and on expert consensus observing First Principles when
higher quality evidence was unavailable or inconsistent. The reader is cautioned to utilize the
more detailed indications, specific appropriate diagnoses, temporal sequencing, prior
testing or treatment, and contraindications that are elaborated in more detail for each
test or treatment in the body of this Guideline in using these recommendations in clinical
practice or medical management. These recommendations are not simple “yes/no” criteria,
and the evidence supporting them is in nearly all circumstances developed from typical patients,
not unusual situations or exceptions.

Recommendations are made under the following categories:
= Strongly Recommended, “A” Level
= Moderately Recommended, “B” Level
=  Recommended, “C” Level
= Insufficient-Recommended (Consensus-based), “I” Level
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» |nsufficient-No Recommendation (Consensus-based),
= |nsufficient-Not Recommended (Consensus-based),

Level
Level

uln

= Not Recommended, “C” Level
= Moderately Not Recommended, “B” Level
= Strongly Not Recommended, “A” Level

Table 1. Summary of Recommendations for Diagnostic Testing for Occupational Asthma

TEST

RECOMMENDATION(S)

Spirometry

Spirometry testing is an essential component in the evaluation and management of patients
with possible work-related asthma — Recommended, Insufficient Evidence (l)

Peak Expiratory

Serial peak expiratory flow measurements as an initial evaluation method for diagnosing

Flow Rates work-related asthma, in patients already diagnosed with asthma by other methods —
Moderately Recommended, Evidence (B)

Nonspecific Nonspecific bronchial provocation test (e.g., methacholine) for use in diagnosing asthma, if

Bronchial the clinical history is compelling, and other tests (spirometry and bronchodilator

Provocation
Test

responsiveness) are unhelpful — Strongly Recommended, Evidence (A)

Nonspecific bronchial provocation test (e.g., methacholine) for use in diagnosing work-
related asthma, as other steps are required to establish the work-relatedness of the asthma
— Moderately Recommended, Evidence (B)

Mannitol bronchial provocation test for use in diagnosing work-related asthma, and other
steps are required to establish the work-relatedness of the asthma — Recommended,
Evidence (C)

Specific Specific immunological testing (IgE) for workers with symptoms consistent with occupational
Immunological asthma to certain high molecular weight specific allergens and when standardized antigens
Testing and assay protocols exist — Strongly Recommended, Evidence (A)
Specific immunological testing (IgG) as a diagnostic tool for select workers with symptoms
consistent with occupational asthma to high molecular weight specific allergens — Not
Recommended, Evidence (C)
Specific immunological testing (IgE) for workers with symptoms consistent with occupational
asthma to low molecular weight specific allergens due to low sensitivity and specificity and
lack of method validation — Not Recommended, Insufficient Evidence (I)
Skin Prick Skin prick testing for high molecular weight allergens for select workers with symptoms
Testing consistent with occupational asthma to specific allergens and where validated, commercial
skin testing extracts are available — Strongly Recommended, Evidence (A)
Skin prick testing for low molecular weight allergens for select workers with symptoms
consistent with occupational asthma to specific allergens, and where skin testing extracts are
available — Moderately Recommended, Evidence (B)
Skin prick testing for allergens not covered above — Not Recommended, Insufficient
Evidence (1)
Specific Specific inhalation challenge testing for use in diagnosing work-related asthma with latency
Inhalation for highly select cases, where the diagnosis of occupational asthma is highly suspected, but
Challenge has not been established by less invasive means — Recommended, Evidence (C)
Testing
Nitric Oxide Nitric oxide testing for the diagnosis of occupational asthma, as it cannot differentiate

between, e.g., occupational asthma and other eosinophilic lung inflammatory conditions —
Not Recommended, Insufficient Evidence (I)

Exhaled nitric oxide testing for establishing a diagnosis of asthma when more objective
evidence is needed such as in litigated cases — Recommended, Evidence (C)
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Exhaled nitric oxide testing for selective use in monitoring airway inflammation in patients
with moderate and severe asthma — Moderately Recommended, Evidence (B)

Nasal Lavage

Nasal lavage fluid analysis after challenge with the allergen for the diagnosis of occupational
asthma — Not Recommended, Insufficient Evidence (1)

Nasal lavage for select workers with symptoms consistent with occupational airways allergy
to specific allergens — Recommended, Evidence (C)

Table 2. Summary of Recommendations for Management of Occupational Asthma

Recommended

Not Recommended

Patients, physicians, and employers be informed that

persistence of exposure to the causal agent is likely to
result in deterioration of asthma symptoms and airway
obstruction (1)

Patients and their physicians be aware that complete
avoidance of exposure is associated with the highest
probability of improvement, but may not lead to a complete
recovery from asthma (1)

For irritant-induced asthma, exposure reduction to the
lowest levels possible and careful medical monitoring
should be performed to ensure early identification of
worsening asthma (1)

Pharmacological treatment of work-related asthma follows
general recommendations for asthma (C). Current
American Thoracic Society/European Respiratory
Society (ATS/ERS) recommendations for treatment of
severe asthma should be followed.

Immunotherapy may be considered in settings where
occupational asthma due to a specific high molecular
weight (HMW) allergen has been established, when only
one or a few allergens have been linked clinically to
disease, when there is a standardized commercial allergen
extract available for treatment, good control with
pharmacotherapy cannot be established and the causative
agent cannot be completely avoided for economic,
professional or other reasons (1)

Reduction of exposure as a strategy for certain low
molecular weight asthmagens (diisocyanates). (I) As
an alternative to complete elimination of exposure,
continued low level exposure with use of personal
protective equipment has been associated with
adverse health outcomes including reports of death.

Reducing exposure to the causal agent as a strategy
in the management of sensitizer-induced asthma, as
available evidence indicates that most asthma will
worsen in continued exposure. () However, it is
recognized that some workers will insist on remaining
in their jobs for social, economic, and professional
reasons, despite counseling on the adverse health
consequences. Continued exposure, even at low
levels, may result in worsening asthma. If such
patients remain in exposure, documentation of the
recommendation regarding removal is
RECOMMENDED (I). Required close and careful
medical monitoring of such patients is
RECOMMENDED () in order to ensure early
identification of worsening asthma. Reducing
exposure to the causal agent in addition to providing
immunotherapy and other asthma management,
where applicable, may be RECOMMENDED (l), and
will depend on the asthmagen, level of exposure,
severity of asthma (see Table 5), and the clinical
judgment of the physician.

Use of respiratory protective devices as a safe
approach for managing asthma, especially in the long-
term and in patients with severe asthma (1)

Anti-asthma medications as a reasonable alternative
to environmental interventions such as exposure
reduction or medical removal. (1)

CLASSIFICATION OF WORK-RELATED ASTHMA

Occupational/work-related asthma may be classified as follows:

1. Exacerbation of pre-existing asthma (WEA)
a. Irritant Gases
b. Allergens

c. Other (e.g., environmental tobacco smoke, exercise ,other irritants)

Copyright® 2016 Reed Group, Ltd.




2. New Onset Asthma
a. Without sensitization
i. Endotoxin (Byssinosis from cotton dust)’
il. Cholinesterase inhibitors (pesticide exposure)
iii. Inflammatory response (chlorine, ammonia)
iv. Irritant induced:
1. Acute irritant exposure (RADS)
2. Low level irritant exposure with latency)®
3. Cold —induced (non-specific)
4. (Nonspecific)
b. With sensitization
i. High molecular weight compounds — IgE mediated (complete allergens: animal,
plant, bacterial)
il. Low-molecular weight compounds
1. IgE-mediated (platinum, antibiotics)
2. Uncertain mechanism (isocyanates, amines, acid anhydrides, plicatic

acid)
Table 3. Types of Work-related Asthma
Nomenclature Term Defining Features
Sensitizer-induced Occupational asthma with latency Immunological/hypersensitivity component and
occupational asthma (OA) |of allergic or presumed diagnostic tests include measures of specific
immunological mechanism (not  |sensitization (e.g. skin prick test, serum specific
necessarily IgE) IgE, circulating IgC against the antigen or skin
sensitization).
Irritant-induced occupational |Occupational asthma without No allergic component and worker is not
asthma (OA) latency “sensitized” to an agent; rather, the agent causes
inflammatory responses through irritant
mechanisms.
Work-exacerbated or work- |Work-exacerbated or aggravated |Worker has prior or concurrent history of asthma
aggravated asthma (WEA) |asthma (no latency period) not induced by that workplace. The worker is not
sensitized to an agent at work, but is irritated by a
“non-massive” exposure (e.g. cold, exercise, non-
sensitizing dust, fumes, or sprays) that provokes
an asthmatic reaction.

Adapted from the American College of Chest Physicians (ACCP).

There are many occupations and exposures that have been associated with allergic
occupational asthma. A list of common occupations and exposures is provided in Malo & Chan-
Yeung 2009 (available at: http://www.jacionline.org/article/S0091-6749(08)01671-0/pdf).

ETIOLOGY

More than 300 natural and synthetic chemicals have been implicated in causing WRA. This
section highlights a few commonly encountered chemicals causing “asthma with latency” (a
term that suggests a process that does not provoke a response on first contact, which implies
that sensitization may be the mechanism) that are seen in the occupational setting. More
extensive lists of agents and occupations are available (e.g., “Agents Causing Occupational
Asthma with Latency” in Malo & Chan-Yeung 2009: http://www.jacionline.org/article/S0091-

f_ln the early stage when there is reversible airflow constriction and before it becomes a fixed obstruction.
New onset asthma due to low level irritant exposure has been described but is not widely accepted in the absence of
pre-existing airway hyperreactivity.

Copyright® 2016 Reed Group, Ltd. 8
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6749(08)01671-0/pdf; Toxnet: http://toxnet.nim.nih.gov/cgi-bin/sis/htmlgen?HSDB; Centers for
Disease Control and Prevention: http://www.cdc.gov/niosh//topics/; Agency for Toxic
Substances and Disease Registry: http://www.atsdr.cdc.gov/; and Haz-Map:
http://hazmap.nim.nih.gov/index.php).

When referring to etiologic chemicals, these substances are often divided between high
molecular weight (HMW and low molecular weight (LMW) agents. The former include proteins
and polysaccharides of plant or animal origin (>5-10 kD) while the latter are low-molecular-
weight chemicals (e.g., isocyanates, trimellitic anhydride, formaldehyde. This distinction is
utilized to draw attention to typical mechanisms of pathogenesis. In particular, HMW agents can
serve as a direct sensitizing antigen, leading to classic IgE mediated immune response. LMW
compounds act as haptens, binding to existing proteins in the body and producing an IgE
response. These mechanisms lead to asthma after a latency period. Typical HMW IgE mediated
examples would be flour or laboratory animal proteins, while acid anhydrides and metals would
be LMW examples.

However, there are LMW antigens that cause asthma without an IgE mechanism being currently
identified. Immune mediation is thought to exist as the patients still present with a latency period.
Examples include the di-isocyanates — toluene diisocyanate (TDI), methylene diphenyl
diisocyanate (MDI) — and formaldehyde and cleaning agents. Even with immunologic
mechanisms present, there may be non-immune pathways operating. This has been seen with
TDI as well as Western Red Cedar due to the latter containing plicatic acid.

Specific HMW Chemicals:

e Grains and flours, in particular wheat and soya, have been among the most commonly
described products. This is due not only to the flour product itself, but at times due to
bug infestation into the material as well as additives including enzymes. Bakers and food
processors would be a risk group, as well as dock workers exposed to shipping of the
materials.

¢ Animal proteins are a HMW asthma precipitant that comes from the dander, fur, hair,
saliva or urine. Animal urine protein is probably the most potent immunizing source in
this group. Workers at risk for this would include farmers, veterinarians, and laboratory
researchers or their assistants.

¢ Much attention has focused on the HMW latex exposure. This natural product (derived
from the rubber tree) not only causes WRA, but also contact dermatitis. This latter
condition is seen most commonly in health care workers. Environmental control in the
form of avoiding latex gloves has helped diminish the burden of this condition.

Specific LMW Dhemicals:

e Acid anhydrides are a large group of LMW compounds including phthalic anhydride,
trimellitic anhydride, maleic anhydride and tetrachlorophthalic anhydride. Products
manufactured include plastics, dyes, adhesives and resins, with workers involved in
production as being at risk for WRA. Exposed workers with a history of cigarette use are
at particular risk.

¢ Platinum salts and aluminum can produce symptoms in workers exposed in jewelry and
alloy production. Exposed workers with a history of cigarettes are at particular risk.

e Di-isocyanates have been identified as the most common cause of LMW WRA. The
commonly used di-isocyanates in industries are TDI, MDI, hexamethylene di-isocyanate
(HDI), and prepolymers of MDI and HDI. They all have in common N=C=0 groups that
are highly reactive and explain their sensitizing properties. The reported prevalence of
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di-isocyanate induced asthma has varied but may have been reduced in recent years
due to better preventive measures.?® These chemicals have properties to form polymers
giving rise to polyurethane. They are used across a wide variety of industries in the
production of flexible and rigid foam, binders, coatings, elastomers, and paints.

OTHER AIRWAYS ASSOCIATED DYSFUNCTION DISORDERS

While asthma is the principal occupational airways disorder in working adults, other conditions
should be considered as part of the differential diagnosis. These may include fixed airway
obstruction, upper airway abnormalities, laryngeal disorders and cardiac diseases.

These specific respiratory disorders should be considered in the differential diagnosis:

e Asthmatic bronchitis. This is an inflammatory disorder of airways that can have a
hypersensitivity or an irritant component or both; bronchiectasis may also be present.

e Hypersensitivity pneumonitis. Predominantly an interstitial disease, HP often has an
airways component, especially acutely.

e Chronic obstructive pulmonary disease (COPD). This disorder is characterized by a fixed
obstruction to airflow with or without a reversible component. It may be associated with
smoking, and manifested by emphysema or bronchitis,® or dust (such as silica, coal, or
asbestos) exposure.G?

e Allergic rhinitis and atopy. Persons with allergies often experience wheezing and
reversible airflow obstruction during exacerbations of their allergies as a secondary
symptom, especially during acute allergic reactions and respiratory tract infections.

e Bronchiolitis and other obstructive airways diseases in adults, such as constrictive
bronchiolitis and during progression to bronchiolitis obliterans.

e Eosinophilic pneumonias. A family of disorders presenting as asthma but characterized
by a hyperimmune response involving eosinophils. This family includes allergic
bronchopulmonary aspergillosis (ABPA) and Loeffler's disease.

e Upper airway obstruction in adults may be confused with asthma and stridor may be
confused with wheezing. Acute upper airway obstruction, such as that occurring with
epiglottitis and anaphylaxis, is a medical emergency and is unlikely to be confused with
asthma. Chronic partial upper airway obstruction may be seen in tumors, sarcoidosis,
vocal cord paralysis, vocal cord papilloma and a variety of rare conditions (such as
retropharyngeal abscess) unlikely to be confusing in practice.®

DIAGNOSIS OF WORK-RELATED ASTHMA

SYMPTOMS AND SIGNS IN WORK-RELATED ASTHMA

Asthma is primarily a disease of airway inflammation and reactivity. The cardinal symptoms of
asthma are episodic shortness of breath, wheezing, and cough, compared to the predominant
symptoms of bronchitis that are cough and sputum production.©?

Cough requires special attention. It has been found to be the single most troublesome complaint
for patients with stable, chronic asthma, which may also be true for other airway conditions. )
Many cases of asthma do not show wheezing and have cough as the predominant symptom©4
as do most cases of bronchiolitis.

COMPLICATIONS AND COMORBID CONDITIONS RELEVANT TO WORK

Asthma may present in complex ways with a variety of secondary symptoms and problems that
affect daily life and work. For example, asthma may trigger chronic cough and secondary
hoarseness that indirectly interferes with some jobs (e.g., voice changes, or the ability to carry
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on a conversation). GERD is often associated with asthma, may be triggered by the effect of
bronchodilator medications on the lower esophageal sphincter, and may make asthma
symptoms worse. Vocal cord dysfunction is distinct from asthma but may often coexist with it, or
may be triggered by GERD or exposure to irritants.

Such secondary conditions may also affect fitness for duty, work capacity, and job
performance.® For example, such complications may affect speech and voice, alertness and
cognitive acuity, and risk for sleep apnea, and should be considered in assessing fithess for
duty and in impairment evaluation. Although these complicating symptoms do not necessarily
change with improvement in asthma status or asthma treatment, they frequently require
secondary diagnosis and treatment in order to return the individual to work.

Coughing spells. These may be disruptive in the workplace and are sometimes
associated with acute rhinitis and susceptibility to fragrances and capsaicin.

Voice changes and unreliability. There are many reasons why asthma affects the voice:
breathlessness, vocal cord edema due to inhaled corticosteroids, concurrent allergies,
and “paradoxical vocal fold motion dysfunction” (VCD). VCD also occurs in other
respiratory conditions, but is more common in asthma.®6-3® Patients with asthma and
similar airway problems may have difficulty in any job requiring them to use their voice to
communicate.

Irritability, loss of concentration and restlessness. This may be due to distraction, given
that cough, mild choking sensations, and breathing issues interfere with close
concentration and fine work.

Musculoskeletal symptoms. Chronic coughing and altered trunk mechanics may be
associated with chest (thoracic cage) pain and low back pain.

Leg pain. Some asthma medications (including formoterol — Foradil®) may cause
restless leg syndrome, or alter tissue levels of potassium, magnesium and other
elements that can cause muscle cramps.

Eye problems. Abnormalities in the stability of tear film may accompany nasal
inflammation and airways disorders.®® Cough and increased intrathoracic pressure may
raise pressure levels in the eye, causing small blood vessels to become engorged and
even to break.

Sleep disorders, fatigue, and cognitive deficits. These connected conditions are
associated with night-time asthma and disturbed sleep patterns, not just time awake at
night due to wheezing, shortness of breath, leg pain, and, especially, cough. The result
is a substantial decrease in performance in any task requiring mental processing, short-
term memory, and sustained attention, even when asthma is treated.“ 4D There has
long been strong evidence that RADS also affects the upper airway.“? It may occur as
obstructive sleep apnea because of dysfunction of the upper airway — a feature of
Reactive Upper-Airways Dysfunction Syndrome (RUDS) — or it may reflect reactive
airways and cough during the night. The relationship between obstructive and central
(brain-driven) sleep apnea also appears to be closer than has been previously believed
and predominantly central apnea may account for some cases. Further, sleep apnea
itself, apart from obesity, with which it is confounded, substantially raises the risk of a
variety of serious complications, including heart attacks and stroke.*®

Depression. This is common to all chronic diseases and is known to occur in asthma.
Sleep deprivation may aggravate it in asthma and bronchitis.“*

Gastro-esophageal reflux disease (GERD). GERD often coexists with asthma and may
be associated with it, although both diseases are also common alone.“> GERD, phlegm-
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producing cough, and a heightened cough reflex may predispose the patient with
asthma to choking and gagging.®“6: 47

These symptoms and signs cluster in five sets of related conditions, which have been given
broad rubrics of panic-fear, airways obstruction, hyperventilation, fatigue, and irritability. Within
these categories, symptoms and signs tend to track one another; that is, within a cluster,
symptoms have been observed to appear together rather than separately.“®

DIAGNOSTIC ASSESSMENT OF OCCUPATIONAL ASTHMA
In this guideline, we emphasize pulmonary evidence-based evaluations. See General Approach
to Initial Assessment and Documentation guideline for an overview of occupational evaluations,
including the history and physical examination. More specialized pulmonary history and
diagnostic history is required for a diagnosis of occupational asthma. The American College of
Chest Physicians published the following criteria in 1995 for establishing a diagnosis of WRA, all
of which are required:

e a history compatible with occupational asthma;

e presence of airflow limitation and its reversibility;

e in the absences of airflow limitation, the presence of nonspecific airway

hyperresponsiveness; and
e demonstration of work-relatedness of asthma by objective means.®

The algorithm below is a consensus-based recommendation from the Evidence-based Practice
Asthma Panel for the diagnostic evaluation of an individual with suspected occupational asthma.
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Algorithm 1 — Diagnostic Evaluation of Occupational Asthma with Continuing

Exposure'

Symptoms consistent
with asthma: wheezing,
cough, shortness of
breath, chest tightness
or congestion.

Yes

\ 4

Medical/occupational history consistent with work-
related asthma (WRA)/occupational asthma (OA)
(e.g., frequency/intensity/duration of exposures that
are often associated with asthma symptoms worse at
work or immediately following work).

No

Symptoms unlikely
WRAJ/OA. Consider

Yes

symptoms.

other evaluations of <

Spirometry (FEV1, FVC, FEV1/FVC, pre/post
bronchodilator testing) consistent with asthma.

No

v

Yes

Peak expiratory flow rate (PEFR) done both while at work |
and off work for a period of 2-4 weeks consistent with ~
WRA/OA (i.e., decreases in PEFR >20 % compared to

measurements obtained away from work.)

Yes

If spirometry normal, but suggestive
history for asthma,

Confirm asthma diagnosis with non-
specific bronchial provocation (NSBP)
(Positive = PC20 <4.0 mg/ml of
methacholine). Test should be
performed during or immediately after
the work shift. (Specialist referral
recommended for this step).

No

l Yes

Consider work-related validation with NSBP as second step.

compared to 1-2 weeks away from exposure.
(Not required to confirm diagnosis.)

LMW sensitizer induced OA, and source of high dose exposure.

Should be done within 1 hour after work day,* and after 2 weeks of work exposure,

Further testing may be needed for definitive causation (e.g., management or medical
removal) for OA. Determine triggering exposure, e.g., specific allergen for HMW or

If patient has asthma
and demonstrates
sensitization to
allergen used in the
workplace, the
diagnosis is
established.

Sensitizer-Induced OA

Irritant-Induced OA

\ 4

Positive

Skin prick testing or specific
immunological testing (e.g., IgE

for well-known and

commercially available antigen.

!

Treat asthma, limit
irritant exposures.

Negative or Not Available

Consider specific
inhalation challenge
(SIC) testing (highly >

specific use).

Negative

Positive l Not available

Consider causes of false
negative SIC (wrong agent,
wrong concentration, wrong

Work-Exacerbated Asthma

!

Treat asthma, limit
irritant exposures.

duration of exposure, too long
out of exposure).

Modify exposure, modify job
duties, remove from exposure.
Proceed to Management.

v

If clinical history
compelling for OA

despite negative SIC.

If true negative,
»| consider other airway
associated disorders.
Cessation of exposure for 6
» months. Evaluate monthly.

iiln the absence of ongoing suspect exposure, the relationship between airway reactivity and the suspect agent can only be
confirmed with SIC; this may be the only absolute indication for performing a specific bronchial provocation challenge with a
diisocyanate and is justified if the result will have an impact on future health and economic outcomes.
*This step can be omitted if NSBP already completed.
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MEDICAL HISTORY

Taking a thorough medical history is the first step when suspecting occupational lung disease.
The history should include three components: 1) current and previous respiratory symptoms; 2)
an occupational history that includes a detailed exposure history; and 3) focused questions
linking the symptoms to the workplace, in space, time, and latency from first exposure. The
ultimate goals of a structured investigation are to assist in determining causation, implementing
treatment, and intervening to prevent disease in other exposed workers.“?

The patient should be queried regarding childhood respiratory symptoms, as well as colds,
bronchitis, pneumonia, hay fever, sinus problems or allergies. Evidence for atopic disease
should be sought (e.g., asthma, hay fever, and eczema).®® Ask about the length and severity of
these illnesses, medication history, and whether emergency department treatment or
hospitalization was required. Some studies show that atopy increases the risk of WRA or
sensitization for certain asthmagens including enzymes, isocyanates, animals, bakery allergens,
dyes, green coffee, castor bean, certain shellfish, and acid anhydrides.®? While family history is
important in asthma incidence, the same family history does not reliably predict occupational
lung disease in exposed workers.®?

A history of asthma symptoms arising during a period of employment, especially with
improvement on the weekends or holidays is suggestive of WRA. However, more evidence is
needed to verify that the symptoms are due to asthma, and that the asthma is related to
workplace exposures.®”

Although the probability of WRA from history alone is not high, a typical history consistent with
WRA can lead to a pretest probability as high as 70% before diagnostic tests are conducted.”
Cote, et. al., reported that a history suggestive of western red cedar asthma had a diagnostic
specificity of 45%.5% In contrast, Malo et al., reported that 76% of referred clinical patients
reported improvement in respiratory symptoms while away from work but were subsequently
found to have no objective evidence of WRA.“® Taken together, the clinical history is believed
to be more reliable for excluding than confirming the diagnosis of WRA.® For OA without
latency, frequently resulting from accidents or other non-routine workplace conditions, the
history is often the primary source of information to establish that a highly offensive atmosphere
was present. In this section, we will use the words inflammatory or irritating interchangeably.

INTERVIEW QUESTIONS

Larger employers often have the benefit of workplace surveillance programs, medical staff on
location, accessible spirometry, and general knowledge of the chemicals used in the work
environment. This may allow a more focused history than the general recommendations below.
Symptoms of occupational asthma include episodic wheezing, chest tightness, cough, dyspnea,
or recurrent attacks of bronchitis with cough and sputum production. The history" should include
the following questions:

1. What are your symptoms?
= What are your symptoms of concern? Do you have cough, shortness of breath, or

wheezing?

= When did these symptoms first occur? Was there an event that precipitated the
symptoms?

=  When did these symptoms first occur relative to the beginning of your work in that
location?

VHistory for asthma does not replace the OSHA questionnaire when required by regulations. See OSHA Respiratory
Questionnaire Appendix C to Sec. 1910.134: OSHA Respirator Medical Evaluation Questionnaire.
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How frequently have symptoms occurred?
Do they get worse at any particular time of day or night?
If yes indicate below the patterns of the symptoms:
e Do these symptoms ever begin immediately after starting work (less than 1 hour)?
Do these symptoms begin hours after starting work?
Do these symptoms continue or start while at home?
Do they improve when you are away from work such as on weekends, nighttime (off-
shift) or holidays or vacations?
Are your symptoms constant or intermittent? What makes them worse or better?
Has the pattern of your symptoms changed over time? How?
Is there a seasonal pattern to your symptoms? What time of year are they the worst?
Are the symptoms associated with any substance or process at work?
How frequent and severe are your symptoms? Have your pulmonary symptoms included
throat tightness, difficulty with inspiration or expiration, harsh sounds, cough, or sputum
production?
Did any emergency room or physician visit document lung function?
Do you have a history of pre-existing asthma, (in particular childhood asthma which can
recur in adults), including prior frequency of symptoms, treatment with asthma
medication and response to medications?
Do you have a history of allergy or has anyone mentioned the word atopy to you?
Do you have symptoms of allergic rhinitis and/or conjunctivitis that are worse with work?
Did the symptoms begin after a one-time, high-level workplace inhalation exposure to an
irritant gas, fume, smoke or vapor?
How does medication use affect the symptoms? Do you use prescribed medications,
over-the-counter medications and/or complementary/alternative preparations? Do you
use pulmonary and non-pulmonary medications? Are you taking an angiotensin
converting enzyme inhibitor? Beta-blocker?
Do others at work have the same symptoms you have?

How did your condition develop?

PAST:

Have you had previous similar episodes before your current job?

What kind of treatment did you receive for these symptoms in the past?
Who was your physician?

Were the treatments effective?

CAUSE:

What do you think caused the problem?

How do you think it is related to work?

OCCUPATIONS AND ACTIVITIES:

What do you do for work?

Current occupation and specific work activities including shift, hours, duration, and days
worked per week. (Patients working 6 days a week or more may not have enough time
away from work to symptomatically improve.)

Any past work history including specific activities, especially if there is a history of similar
symptoms?

What chemicals or substances including gas, fumes, vapors, dusts, or aerosols do you
work with? What about at home?
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=  What is the work area’s room size, specific ventilation, other co-worker reports, exhaust
hoods, remodeling, and recent change in processes? Are there Material Safety Data
Sheets (MSDSs) and industrial hygiene reports available?

=  Were there changes in work processes in the period preceding the onset of symptoms?
Symptoms of asthma that develop or worsen after a worker starts a new job or after new
materials are introduced on a job are suggestive. (A substantial period — from months to
years — can elapse between initial exposure and development of symptoms.)

= Was there an unusual work exposure before the onset of initial asthma symptoms?

= Do you have any protective equipment at work, such as masks or respirators? How often
do you use them? Are they required?

= Do you have a second job (moonlighting)?

NON-OCCUPATIONAL ACTIVITIES:

= What is your home environment including any hobbies, crafts, pets, family members who
work with chemicals, family members who smoke, living near an industrial plant, or living
near congested traffic area?®%

= What are your leisure activities (e.g., woodworking, gardening, welding, etc.)?

3. How do these symptoms limit you?
= Are there any activities that you can no longer perform?
= Do you feel more short of breath during exercise?
= Do you feel more short of breath when doing normal daily activities?
= How long have your activities been limited?

4. Do you have other medical problems?
= Do you have headaches, fatigue, malaise, weight loss, appetite changes, fever, physical
abilities and exercise intolerance?
= Do you have any autoimmune, infectious, or metabolic diseases?
= Do you have any allergies?
= Do you have any other respiratory diseases or conditions?
= Do you smoke? Does someone else in your environment smoke?
= Do you use other drugs, including marijuana?
= Do you have diabetes or HIV?
= Have you ever had cancer?

5. What are your expectations regarding your return to work and disability from this
health problem?

6. What are your concerns about the potential for further injury to your lungs?

7. How do you like your job, your supervisor, and co-workers? What is your relationship
with your co-workers and supervisor and how do they treat you?

8. What do you hope to accomplish during this visit?®%

Standardized Questionnaires

There have been general articles and questionnaires used to document occupational illness.®>
%6) Similarly, authors have suggested questions targeting work-related pulmonary conditions.®”:
%8) Questionnaire adequacy measures have shown instruments that are reliable, valid and
correlate with testing.®%% Reliability should be considered as reproducibility of response and
validity is a measure of how well the instrument measures the intended target. Ultimately, there
have been investigations looking at correlations between history and diagnosis of occupational
lung disease.® Malo, et al., examined the accuracy of the medical history in 162 workers
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referred for evaluation of occupational asthma, using specific inhalation challenge to confirm the
diagnosis. They reported a positive predictive value of 46% and negative predictive value of
83%. In a study by Baur, et al., who used methacholine testing and specific bronchoprovocation
challenge, the predictive value of the medical history was 90% with a negative history and 30%
with a positive history. Vandenplas, et al., reported a specificity of 14% and sensitivity of 87% in
natural latex workers when compared to specific inhalational challenge testing for diagnosis of
OA.©9)

All instruments have limitations that will miss true cases of occupational asthma.“® %6 The
American Thoracic Society Division of Lung Diseases (ATS-DLD) instrument®? is the most
widely used questionnaire for pulmonary symptoms and disease that is validated in the
literature.

Family History

A family history of atopic diseases may help identify individuals with greater susceptibility to
occupational asthma with latency, particularly for occupational asthma to high molecular weight
agents. However, it is important to note that many workers with occupational asthma will have
no family history of atopy, and conversely, many workers with an atopic history without
occupational asthma. A history of similar symptoms in other household and family members
may also help identify non-occupational causes of asthma, such as home and hobby exposures.

Occupational History

The physician should obtain an accurate and detailed history of current and prior occupations.
All possible occupational exposures should be identified, especially those that are known to
induce airflow obstruction (e.g., animal and plant proteins, organic dusts, proteolytic enzymes,
specific chemicals such as isocyanates and anhydrides, noxious fumes, metals and drugs).
Both routine and episodic tasks are potential exposures and should be evaluated.

The physician should also attempt to quantify the exposure. The intensity (duration and
concentration), frequency, duration, and peak concentrations of the exposures are all important
to document if possible.®® A detailed history of current exposure status is important. Lam, et al.,
reported a significant improvement in spirometry results after a mean of 0.8 years after removal
from exposure in patients with occupational asthma.©®

EXPOSURE ASSESSMENT

Respiratory injury is dependent upon both the site of toxin deposition and the type of cell and
structure damaged. The concentration and chemical properties (pH, water solubility, reactivity)
of the substance involved are relevant, as they affect the site of deposition. The degree to which
a given inhalational exposure results in disease not only reflects the intensity, duration, and type
of exposure, but also varies based on host factors such as genetic susceptibility, comorbid
conditions, and lifestyle factors and habits (e.g., cigarette smoking). The presence of work-
related pulmonary conditions should include assessment of whether representative measurable
environmental determinations exist, to ascertain whether there has been sufficient exposure to
affect the lungs.® However, measurable environmental determinations are not routinely
performed in most workplaces, and when performed, represent a brief snapshot of selected
exposures that may or may not reflect the relevant work exposures.

Information on work exposures may be obtained from MSDSs, industrial hygiene data, employer
records, and union health and safety personnel information.® In general, at least one source of
objective information is needed for evaluation of cases of suspected occupational asthma. The
MSDS is usually the initial source of information, although sensitizing ingredients in low
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concentrations may not be listed, and identifying them may require a phone call to the technical
staff of the manufacturer. Published literature may also be helpful.("")

It is important to establish:

¢ All known exposures in any environment to any chemicals or substances including gas,
fumes, vapors, dusts, and aerosols, particularly known or suspected asthmagens.

o Workplace history of room size, ventilation, current and past use of personal protective
equipment, other co-worker reports, exhaust hoods, remodeling, recent change in
processes, and industrial hygiene reports (if available).

e MSDSs should be reviewed, if available, for both health effects information and personal
protective equipment recommendations by the manufacturer of materials used.

For exposure assessment, the standards and methods of evaluation widely used are those
promulgated by the American Conference of Governmental Industrial Hygienists
(http://www.acgih.org). In particular, the group’s biological exposure indices and threshold limit
values are more frequently evaluated and updated than those occupational exposure levels
(OELs) from the Occupational Safety and Health Administration (OSHA), the Mine Safety and
Health Administration (MSHA), and the permissible exposure limits (PELs) defined by the
National Institute for Occupational Safety and Health (NIOSH). OELs are set primarily to provide
a means for standardized hazard assessment of a material, communicate a relatively safe
target concentration relative to time interval which can be verified quantitatively, and to provide
a target control approach to ensure that workers are not overexposed.

For workplace risk assessment, the NIOSH Pocket Guide to Chemical Hazards ? provides a
concise summary of toxicologic information. Most inhaled particles with a diameter of greater
than 3 um are deposited along the airways of the upper and lower respiratory tract. Smaller
particles may penetrate the alveolar region, but the physical characteristics, total mass and
chemistry of the particle and airway structure and airflow must be considered.” Water soluble
gases, vapors and aerosols are usually deposited in the upper airway, while water insoluble
substances affect the lower airways or lung parenchyma. Extremes of pH also are associated
with severity of injury. Of importance in evaluation of respirable exposures is the distance of the
worker from the source. The area tested should usually be within 2 feet of the worker’'s mouth
and nose. The probability of exposure is evaluated by considering: 1) the presence, form and
biological availability of potential hazards; 2) confounding exposure factors in the workplace or
the patient’s medical and occupational history that may account for other exposure potential and
experience; 3) non-worker controlled factors such as materials used, ventilation, hazard control,
and physical barriers; 4) the worker’s use of employer-selected personal protective equipment
(i.e., respirators, gloves) and training in appropriate work practices; and 5) the presence or
absence of iliness in co-workers with similar exposure potential.("™

Environmental History

Exposures outside the workplace are also important to evaluate and document. Patients should
be queried regarding primary place of residence, its age, location, type, remodeling history,
heating, ventilation, flooring, and past water damage. Hobbies such as automobile repair,
woodworking, photography, ceramics, and gardening may expose individuals to agents that can
cause or exacerbate asthma. The majority of the U.S. population is skin-test-positive to at least
one environmental allergen.® It is difficult to determine the relative contribution of work-related
and non-work-related factors to the genesis of symptoms in people with multiple risk factors or
exposures.
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Smoking History

The greatest threat to personal lung health is from tobacco inhalation.® 7" Although it is
customary to quantify tobacco use in terms of pack-years, the variation in cigarette type and
inhalational habits does not permit more than an approximation for potential lung injury.(®
Cigarette smoking is a recognized risk factor for common airway diseases with the unusual
exception of diisocyanate asthma.®V The smoking history should quantify the packs per day and
the years smoked. Cigarette smoking may have an additive effect to airways obstruction from
other causes, it may superimpose additional symptoms, or it may lead to misdiagnosis if the
condition is apportioned disproportionately to smoking. Cigarette smoking may condition or
modify the response to some antigens but this is not known at this time and cannot be
assumed.® 59 Regardless of the history, a physical examination and diagnostic testing should
be conducted as indicated.

Physical Examination

The art of physical examination traces its modern roots to the introduction of the stethoscope by
Laennec in 1821. Standard textbooks provide guidance on pulmonary examination.89 |n
general, an occupational pulmonary physical examination should include elements of the
following:

¢ Inspection for stigmata of pulmonary disease as well as potential etiologies including
mucous membrane abnormalities, nasal polyps/swelling, clubbing, nasal flaring, nasal
crease line, accessory muscle use, AP diameter,

e Palpation primarily for chest wall abnormalities, tracheal deviation or tactile fremitus;
Percussion for resonance to identify aeration, diaphragm level, suggestion for fluid
interface or consolidation;

e Auscultation for inspiration to expiration ratio, breath sounds including crackles, wheeze
and bronchi;

e Cardiac examination; and
Dermal examination.®?

However, a shift has occurred in medicine where physical diagnosis is often measured against a
technologic gold standard for the presence or absence of disease. Thus, a useful measure of an
examination would be the likelihood of a finding causing a change in the probability of a
disease. Numerically the likelihood ratio is equal to the probability of a finding in patients with a
disease/probability of a finding in patients without a disease. For example, it is often taught that
the crackles of fibrosis are late and fine whereas those of COPD are early and coarse. Yet, this
assumption has never been rigorously tested. On the other hand, diagnostic pneumonia findings
have been subjected to numerous studies and are incorporated in both diagnosis and

prognosis. ©2-84

Formal spirometry testing and interpretation is covered elsewhere. Many clinicians will utilize
simple clinical tests as part of their “physical examination.” This includes obtaining a simple
pulse oximetry reading and/or having the patient walk in the hallway to identify desaturation.
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DIAGNOSTIC TESTING

SPIROMETRY TESTING

Use of Spirometry in WRA

Spirometry testing is an essential component in the evaluation and management of persons with
possible work-related asthma.®°1 Spirometry with or without bronchodilator administration has
four distinct potential roles when WRA is a concern:

¢ Determining whether asthma is present;
Exclude other “asthma-like” conditions;

e |f asthma is present, helping inform the conclusion about whether the asthma is work
related; and

e Monitoring response to therapy (and possible return to work).

Recommendation: Spirometry
Spirometry is recommended as an initial evaluati