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Disclaimer
These Guidelines are a general guide to appropriate practice, to be followed subject to the clinician’s judgements and the patient’s preference in each individual care. The Working Group acknowledges that there is continuing debate in the literature on definitions. The primary role of the Working Group was to develop Guidelines that provide information to assist decision-making, where necessary to clarify create definitions based on current knowledge and consensus as experts in the field, and to guide regulators concern potential reforms to the laws. The recommendations included within these Guidelines are based on the expert consensus using the best evidence available at the time of development.
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[bookmark: _Toc68764942]Glossary
	[bookmark: ArtificialStone]Artificial stone
	A historic term used to describe the composite stone-like material created by a variety of manufacturing processes that includes crystalline silica and/or silicates. Also known as Engineered (the preferred term), Manufactured or Composite Stone. 

	“At-risk role”
	 The specific occupations of concern.

	[bookmark: BestPractice]Best practice
	The best standards of practice based on what others are already doing.

	[bookmark: CaseIdentification]Case identification (also known as case finding)
	A strategy for targeting resources at individuals or groups who are suspected to be at-risk for a particular disease. It involves actively searching systematically for at-risk people, rather than waiting for them to present with symptoms or signs of active disease.

	[bookmark: ContactTracing]Contact tracing
	The process of identifying, assessing and managing people who have been similarly exposed to those people with diagnosable disease.

	Occupational respiratory disease
	A generic term used in this context to mean a disease associated with hazardous exposure via the respiratory system. While traditionally associated with the visible dusts, in this context it is used to describe any inhalable substance.

	[bookmark: EngineeredStone]Engineered stone
	The preferred term used to describe artificial stone.

	[bookmark: HealthRiskBehaviour]Health-risk behaviour
	Any behaviour or action with potentially negative effects on health.

	[bookmark: HealthMonitoring]Health monitoring
	The monitoring of a worker to identify changes in their health status because of exposure to specific hazardous substances in the workplace. It is a statutory requirement where, in the Australian setting, the level of clinical and biological monitoring may be limited by law. It is separate from, but often overlaps with “health surveillance”.

	[bookmark: HealthScreening]Health (or medical) screening
	A systematic method of detecting risk factors or suspicious abnormalities among people who are symptom-free, so that health problems can be either prevented or followed up, diagnosed and treated as early as possible.

	[bookmark: HealthSurveillance]Health surveillance
	A broad concept which describes the ongoing surveillance in clinical practice after a case has been identified. When compared to health monitoring, it is more encompassing of a person’s health and wellbeing when compared to health monitoring. Health surveillance is not dependent on occupation related funding. 

	[bookmark: InformedConsent]Informed consent
	Informed consent is a person’s decision, given voluntarily, to agree to a health care treatment, procedure or other intervention that is proposed by their medical practitioner after receiving accurate and relevant information about the intervention, and understands the benefits and risks of the options available.

	[bookmark: Lag]Lag
	Time between first detectable disease and when the disease has progressed significantly to influence deployment and treatment options.

	[bookmark: Latency]Latency
	Diseases characterised by a long interval between first exposure and first detectable disease (clinically or by specific investigation).

	[bookmark: MedicalPractitioner]Medical practitioner
	Refers to any GP, respiratory specialists, occupational physician, thoracic surgeon or suitably qualified doctor.

	[bookmark: NextPractice]Next best practice
	The anticipated future next best practice; based on the trending of “best practice” and what is anticipated to be the next “best practice”. It requires a commitment to leadership, continued improvement based on the evolving body of evidence.

	[bookmark: RCS]Respirable crystalline silica 
	A generic term to describe silica and silicate dust particles that can reach the alveoli region of gas exchange in the lung. They typically have an aerodynamic diameter less than 10micrometres. Their mean particle size is less than 5.0 um and significant toxicity is associated with particles less than 1-2 um. 

	[bookmark: RespiratorySurveillance]Respiratory (health) surveillance
	The process whereby a group of exposed workers are regularly tested to ensure that they are not developing respiratory diseases that are known to be associated with specific work exposures.

	[bookmark: Silicosis]Silicosis
	A parenchymal fibrotic lung condition caused by the inhalation of respirable crystalline silica dust.

	WES Excursions
	Periods when there is a transient exceedance of the WES for a short duration, cumulatively usually less than 30 minutes, that would not otherwise be detected by time weighted averaging.
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[bookmark: _Toc67431758][bookmark: _Toc68764944]National Guidelines for doctors managing workers exposed to respirable crystalline silica: Guideline Summary
This Guideline has been developed to provide Australian medical practitioners with the best available evidence to guide their practice when identifying people at-risk from respirable crystalline silica (RCS) exposure and carrying out health surveillance. While these Guidelines are focused on RCS, it is structured as a framework for the assessment of any worker with occupational dust exposure.Case identification and health surveillance of dust disease



	1. How to identify a person of interest and refer them to the appropriate medical practitioner?

	Use the referral steps to identify an appropriate medical practitioner.
Contact the supervising medical practitioner (SMP) (if they have one) with consent.
Refer to a respiratory physician if someone has significant respiratory or a change in symptoms.
	Use the exposure assessment tool for patients with unclear or minor symptoms and no SMP.
For workers exposed for less than one year, educate and reinforce safe work practices.


	Supervising medical practitioner
	

	The SMP can coordinate the health monitoring activity and facilitate the exposure assessment for the worker.



	2A. What baseline data should be collected for case identification?

	Collect demographic, exposure and medical history, respiratory symptoms and physical examination findings. 
	With the person’s consent, upload the information on their My Health Record.




	2B. How to determine a person’s exposure risk?
	

	If you are confident and experienced, carry out the exposure assessment.

	Respiratory physician and occupational physicians
	

	Use the exposure assessment tool for patients exposed to RCS.



	2C. Who should receive lung function testing and how?

	Respiratory physician and occupational physicians

	All workers exposed to RCS should have spirometry testing performed to TSANZ standards.
Review the patient if any of the forced expiratory volume in one second (FEV1) thresholds are met.
Spirometry testing should be carried out every 6 to 12 months if results are below 80% of the Global Lung Function Initiative (GLI) predictive values.
	Consider a diffusion capacity of the lung for carbon monoxide (DLCO) test for all high-risk workers.
DLCO must be performed at an accredited lab.
Workers with a change in DLCO of more than 15% between screenings should be referred for HRCT.
Refer to a respiratory physician if there is a 10% reduction in DLCO in less than one year.




	2D. What diagnostic imaging should be performed and when?

	Respiratory physician and occupational physicians

	The International Labour Organization (ILO) classification of chest X-ray (CXR) itself should not be used to diagnose silicosis or access to statutory entitlements if an HRCT is consistent with the diagnosis.
	Request a high-resolution computerised tomography (HRCT) if the person has:
· had high or very high exposure; or an ILO CXR >0/1; or
· abnormal lung test findings; or
· significant respiratory or other symptoms.

	Specialist radiologist
	

	The HRCT should be performed using as low a radiation dose as is practicable.
	Recommend the multidisciplinary team review the HRCT if there is any diagnostic uncertainty.



	2E. Are there any other tests that need to be carried out?

	Respiratory physician and occupational physicians

	All people should have a blood test to assist in diagnosing RCS related diseases or exclude other diagnoses.



	
3. When should psychosocial support be provided?

	Provide ongoing psychosocial support.
Use the shared decision-making tool to discuss options to avoid further RCS exposure.
	Do not describe the person’s workplace as at-risk without a formal workplace assessment.
All workers who choose to continue working in a high-risk occupation, should be supported and be monitored.


	

	
4. When should education be provided?

	Targeted advice should be provided at each visit.
Consider the following important topics:
· Complying with safe work practices
· Importance of hygiene and cleanliness
· The possible adverse health effects related to significant exposure
	· Correctly using personal predictive equipment (PPE)
· Fit checking and testing
· Being clean-shave if negative-pressure respirators are used
· Using powered air purified respirators when tight fitting respirators are unsuitable
· Stopping smoking.


Case identification and health surveillance of dust disease



	5. When should routine health surveillance be carried out?

	Use the specific routine surveillance schedule for persons at low, medium and high-risk of disease progression.
Use the specific routine surveillance schedule for persons with normal baseline test results and have left the industry or no longer exposed to RCS.
For all people with low-risk of exposure to RCS, they should be surveyed for no less than 20 years. If they were or are a smoker they should have lifelong health surveillance.



	6. Who should carry out ongoing surveillance for the person?

	The same specialist who conducted the baseline assessment should carry out surveillance.
For a patient who is no longer employed in an “at-risk role”, the person’s GP should oversee any health surveillance activity. 

	Supervising medical practitioner

	The SMP must oversee any surveillance activity, for as long as the person is employed in an “at-risk role”.

	All SMPs responsible for the statutory health monitoring of a workplace should be publicly identifiable.



	7. What are the notification requirements?

	With the person’s consent, findings and surveillance schedules should be provided to the GP and SMP as well as uploaded to the persons My Health Record. 

	Government

	Continue progressing the development of a National Occupational Respiratory Disease Registry.



[bookmark: _Toc68764945]Introduction

The past 15 years have seen the unexpected re-emergence of occupational respiratory diseases across Australia. Of particular concern is the recent resurgence of silicosis, a fibrotic lung condition caused by the inhalation of respirable crystalline silica (RCS) dust.
Silicosis is an incurable, potentially fatal disease but is entirely preventable.
An epidemic of accelerated silicosis has been linked to the cutting, grinding and polishing of engineered stone used commonly in modern kitchen and bathroom benchtops. This product contains a significantly higher percentage (>90%) of crystalline silica compared to natural stone (5-50%).
State and territory governments have implemented a range of activities aimed at addressing the respiratory health issues in this industry sector, including provision of guidance for assessing those at-risk. Most state governments have introduced clearer regulations to prohibit the uncontrolled dry cutting of engineered stone to protect workers from exposure to RCS dust.
In July 2019, the Australian Government Department of Health established the National Dust Disease Taskforce to inform a national approach to the prevention, early identification, control and management of occupational respiratory diseases in Australia (1).
The Taskforce will inform a national approach by undertaking an independent review of the systems in place to protect Australians who are at-risk from occupational respiratory disease.




This will include providing advice on:
Actions that have been taken to date to address occupational respiratory disease across all Australian jurisdictions.
Existing policy and regulatory arrangements in Australia to protect those at-risk from occupational respiratory disease, more specifically reviewing what controls are in place and how these are applied and monitored.
Opportunities for improvement across the system to ensure protection of those at-risk populations.
Options for sustainable approaches for the future prevention, detection and management of occupational respiratory diseases, including the consideration of the establishment of a National Occupational Respiratory Disease register, including its scope and anticipated outcomes.
Options for potential new research required to support understanding, prevention and treatment of preventable occupational respiratory disease.
[bookmark: _Hlk55990249]The objectives of the Taskforce are to identify ways to:
Reduce incidence and severity of occupational respiratory diseases.
Ensure availability of effective treatment.
Reduce exposure through improved prevention, awareness and capacity building.
Eliminate or minimise risks through better machinery and workplace design.
Ensure appropriate control of potentially hazardous materials.
Achieve better work health and safety (WHS) outcomes through improved regulation and compliance.
Review the latest research on respiratory diseases and identify knowledge gaps.



Through consultations held across Australia, the Taskforce heard differing views on what the most appropriate health screening methods are, with many critical of the minimum health monitoring processes required under WHS Regulations. Common themes raised were the need for a more comprehensive understanding of the workplace, clearer exposure risk characterisation, clinical guidance and enhanced enforcement of safe work practices for those who remain in the industry sector.
In the engineered stonework sector, the Taskforce found that historically, health monitoring had not been undertaken. The lack of monitoring resulted in several workers being diagnosed with symptomatic, late-stage disease. The Taskforce also found inadequate or inappropriate health monitoring was being conducted in other industry sectors such as building and construction, mining, quarrying and tunnelling.
The Royal Australasian College of Physicians (RACP), the Thoracic Society of Australia and New Zealand (TSANZ), the Australasian Faculty of Occupational and Environmental Medicine (AFOEM), and the Royal Australian and New Zealand College of Radiologists (RANZCR) have all called for the development of National Guidelines for case identification and surveillance of at-risk populations for silicosis.
In its interim advice to the Minister for Health, the Taskforce recommended (early Recommendation 4) the development of national guidance on an active case finding approach to identify people at-risk from RCS dust exposure at the workplace (1).
Purpose of the Guidelines
The National Guidelines for doctors managing workers exposed to RCS (the Guidelines) are for medical practitioners managing workers exposed to RCS. They have been developed to enhance the medical practitioners understanding of the nature and complexity of the disease and provide key practice points with reference to:
identifying people at-risk form RCS dust exposure; and
carry out health surveillance within their specific training and experience.
The Guidelines should not be seen as an inflexible recipe; rather, they provide a guide to appropriate practice to be followed subject to clinical judgement and patient preferences.
[bookmark: _Toc68764946]Scope of the Guidelines
The Guidelines cover the most critical components and strategies to effectively identify people at-risk of disease from RCS dust exposure as well assess and manage people exposed to RCS in the workplace.
The following is out of scope for the Clinical Guidelines:
Physician involvement in contact tracing of colleagues of an affected worker.
Specific treatment of workers diagnosed with occupational respiratory diseases.
Activity involving the medical practitioner in the process of identifying people who have been similarly exposures to an index case.


[bookmark: _Toc68764947]Target audience
The Guidelines are intended for use by registered medical practitioners collaboratively with their patients: GPs, Consultant Physicians in Occupational and Environmental Medicine and Respiratory Medicine, Researchers and Radiologists. This also includes any medical practitioner who has had a patient referred to them from a supervising medical practitioner (SMP).
Development
The Guidelines have been developed according to processes outlined by the National Health and Medical Research Council (NHMRC) under the direction of an interdisciplinary Working Group. Refer to the administration report that details the Interdisciplinary Working Group membership, process, consultations and terms of reference.
The literature referenced in this document is not intended to be a comprehensive evidence-based literature review but rather a selective reference to the relevant literature to inform the reader about the salient issues, what evidence is more readily available, the gaps in our knowledge, and the rationale for the recommendations. Consequently, these Guidelines and subsequent practice points were developed based on the evidence available and a consensus of clinicians actively managing workers afflicted by their exposure to RCS and other dusts.
Use
The primary goal of the Guidelines is to help medical practitioners work with their patients and actively identify people at-risk due to RCS dust exposure and carry out surveillance activities.
Guidelines differ from the clinical care or clinical pathway. Guidelines provide an overview of the current best evidence translated into clinically relevant statements or practice points. Care or clinical pathways, also known as critical pathways, care paths or case management plans, are based on best practice guidelines but provide a local link between the Guidelines and their application.
The Guidelines recommends shared decision-making processes for assessing the respiratory health of a worker with exposure to RCS dust. In addition, the Guideline identifies triggers for the appropriate referral for additional testing or investigations to reflect the person’s circumstances, subject to the clinician’s judgement and patient’s preferences.
In considering implementation..
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[bookmark: _Toc68764949]Occupational respiratory diseases
Occupational respiratory diseases, both respiratory and non-respiratory, are in the vast majority, secondary to occupational exposures. Occupational dust exposure is known to be a significant yet underestimated cause of respiratory illness and long-term disablement in Australia (2).
People exposed to dust while at work may develop several diseases, many of which may lead to symptoms and abnormal clinical findings long after the original exposure has ceased. Once they occur, most have long lasting effects and can shorten a person’s life expectancy. The most common occupational respiratory diseases include:
Silicosis due to RCS dust exposure
Chronic obstructive pulmonary disease (COPD)
Chronic bronchitis
Emphysema
Asbestos-related diseases
Mining related dust pneumoconiosis such as coal mine dust (black lung), mixed dust pneumonoconiosis and diffuse dust related pulmonary fibrosis
Other types of pneumoconioses caused by breathing in specific types of dust particles such as berylliosis (beryllium metal) and byssinosis (cotton bracts)
Work-related asthma / occupational asthma
Hypersensitivity pneumonitis – in which the lungs develop specific sensitivity to inhaled particles containing fungus, moulds or chemicals.
In addition to the lung parenchymal and airway spectrum of occupational respiratory diseases, other diseases associated with RCS include:
Lung cancer
Scleroderma and other autoimmune sequelae such as rheumatoid arthritis
Chronic kidney disease.
To identify and support people with a potential occupational respiratory disease, requires an understanding of the pathophysiology of the disease as well as the social and organisational constructs within which the worker exists. The social and organisational factors that influence disease progression should be actively managed – both before and after disease detection.
The pathophysiology of occupational respiratory diseases in their established forms have been the subject of extensive research and many aspects are well understood. The most widely studied is silicosis. However, recently there has been an emergence of artificial stone related silicosis. This has created an urgent need and opportunity to learn more about the disease, learn from workers who have been exposed and minimise the risk of a life-threatening preventable disease from occurring in the future.
Identifying and monitoring the wellbeing and progression of the cohort of exposed workers creates strategic opportunities to learn from their experience for the benefit of others. Consequently, this Guideline is to be linked with the National Occupational Respiratory Disease Registry. This will enable future editions of this Guideline to benefit from evolving knowledge.
These diseases are characterised by a long interval between first exposure to the hazardous dust and first detectable disease (discovered clinically or by specific tests). This is interval is known as “latency”. While some factors such as intensity of exposure, cumulative dose and nature of the hazard are known to affect the length of latency, the specificity and sensitivity of tests used to detect the presence of the disease is also important. Overall, the longer the latency, the more difficult it becomes to identify the link between a hazardous exposure and the harm. This influences the frequency of health surveillance activity.
Lag also critically influences health surveillance protocols. Lag is the time between first detectable disease and when the disease affects occupational capacity, deployment and treatment options. During this period, the person may appear well but must manage any potential for further exposure that may influence disease progression, and their adjustment to a disease that will shorten their life.
For people with slowly progressing or inactive disease, preventing exposure to future hazardous exposures is important. This can be influenced by but is not dependent on the actions of medical practitioners. Provided the tests selected for health surveillance have sufficient sensitivity to detect the earliest clinically significant disease, combining WHS, health-risk prevention strategies with health surveillance activities conducted by medical practitioners, serves three functions:
Identifying people who are the most vulnerable to disease due to their historic exposure while working within what are now-known as “unsafe work practices”.
Reinforce the importance of compliance with safe systems of work. If the system is working, medical practitioners should not be detecting disease from recent exposure.
Identify new outbreaks of disease associated with novel exposures, often involving changed or new industrial processes.
For an intervention to have the best chance of favourably influencing the outcome, early diagnosis is essential.
Recent experience has revealed that the traditional indices used (time since first exposure, spirometry, ILO chest radiographs or the presence of symptoms) has meant for some people, silicosis is already well established. At this stage, the opportunity for intervention to materially alter the person’s clinical course is under investigation.
Early detection of at-risk individual indices enables implementation of measures necessary to prevent, arrest and if possible reverse the progression of the disease.

[bookmark: _Toc68764950]Epidemiology of silicosis
Accurate assessment of the prevalence of occupational respiratory disease is difficult for many reasons. Silica and silicates are widely used in the large number of industrial applications. It is estimated that millions of workers are exposed to this mineral worldwide (3). However, the number of people who are at-risk of or affected by silicosis is currently unknown. This is primarily because of an inability to accurately record and pool relevant data collected by the various stakeholders involved – employers, doctors and regulators; time delays between exposure and diagnosis; and limited understanding of the relationship between exposure and disease (4).
The available data in Australia is from Queensland and Victoria. In Queensland, as at 30 November 2020, 1053 people working or have worked with engineered stone have been screened since the program was announced on 18 September 2018 (5). The program has identified 32 cases with progressive massive fibrosis (PMF) and 191 cases meeting the criteria for any other forms of silicosis. This creates a 20% crude prevalence for all forms of silicosis in this industry sector. Unfortunately, analysis of the cohort by exposure history, type of disease or the nature of any progression was not available. Additional data is anticipated from the “Respiratory Health Screening of Stonemasons in Victoria” established by WorkSafe Victoria in conjunction with Monash University.
Silica-related diseases are associated with significant premature mortality among workers of all ages (6, 7).
In the United States, between 1996 and 2005, 1746 deaths due to silica exposure resulted in 20 234 years of life lost, with an average of 11.6 years of life lost (8). For the same period, among 307 people who died before age 65, there were 3045 years of life lost, with an average of 9.9 years of life lost from a working life (9, 10).
The absence of a centralised registry to pool individual case-based data perpetuates the lack of knowledge and underpinned the National Dust Disease Taskforce’s recommendation to establish a National Occupational Respiratory Disease Registry in its interim report. In response, the Australian government has accepted the need for a National Occupational Respiratory Disease Registry in Australia.


[bookmark: _Toc68764951]Pathophysiology of silicosis
Silicosis is an irreversible pneumoconiosis typically (but not always) caused by high exposure to RCS dust. Silica, also known as silicon dioxide is a naturally occurring and widely abundant mineral that forms the major component of most rocks and soils. There are non-crystalline and crystalline forms of silicon dioxide.
The non-crystalline or amorphous forms of silica are not often associated with parenchymal lung damage (11), although pneumoconiosis has also been observed secondary to these exposures.
"Free" crystalline silica – also known as quartz, cristobalite, tridymite and tripoli – is unbound to other minerals. "Combined" forms of silica, called silicates, are compounds in which silica is bound to other minerals. Examples of silicates used in industry include asbestos (hydrated magnesium silicate), talc (Mg3Si4O10(OH)2), and kaolinite (Al2Si2O5(OH)4), a major component of kaolin (china clay) (8). Engineered stone has the highest percentage of silica (Figure 1). Aggregates mortar and concrete have various levels of silica present. All have been described as causing pneumoconiosis.
[bookmark: _Ref67831427][bookmark: _Toc68764994]Figure 1: Different types of rock and rock products and their typical percentage of silica
[image: ]
Silica dust is generated in the workplace by mechanical processes such as crushing, cutting, drilling, grinding, sawing or polishing of natural or man-made products containing silica.
Following aerosolisation, inhaled RCS dust particles (<10 μm aerodynamic diameter) can be carried to the distal airways and alveoli. Larger particles deposit on the muco-ciliary epithelium of the nose, throat and larger upper airways and therefore fewer reach the gas exchange regions of the lung to create the potential for harm.
Studies of dust composition (12) and explanted lungs have identified a consistent presence of sub-2 μm sized silica particles. Ophir, Shai (13) showed a possible association between ultrafine particles (UFP) (<1 µm) and poorer pulmonary function test results, worsening findings on computerised tomography (CT) and elevated inflammatory biomarkers. Freshly generated RCS dust is more toxic than aged dust particles (14, 15) and a growing body of evidence suggests surface area rather than RCS mass are important factors contributing to toxicity. Currently, the evidence is not at the level necessary to trigger revision of WES (16), but this is an area under continuing review. If these findings are substantiated by further research it will have a profound impact on our understanding, measuring and controlling the hazard. For example, we know that higher speed mechanical cutting devices create much smaller particles when fracturing crystalline quartz in the substrate. The composition of engineered stone appears to enhance the hazard. Therefore, in addition to using wet processes and local exhaust ventilation to limit respirable dust, equipment may need to be speed limited.
Once in the respirable zone of the lung, the silica particles are engulfed by alveolar macrophages (14) and several pro-inflammatory and profibrotic pathways are activated (4, 13, 17).
Interleukin (IL)-1 is secreted directly by macrophages and indirectly after activation of toll-like receptors. This enhances the production of IL-1, tumour necrosis factor (TNF), caspase-1, and fibroblast growth factor (FGF).
Modulation of the nucleotide-binding domain (NOD)-like receptor protein 3 (NALP3) protein inflammasomes induces regulatory T cells to express cytotoxic T-lymphocyte antigen 4, IL-10, and transforming growth factor-beta (TGF-β). This process occurs independently of lymphocyte interaction (18). Inflammasome activation also occurs in alveolar macrophages.
The affected macrophages undergo cell necrosis, autophagy and the release of non-degraded intracellular silica and/or silicates. If the cumulative silica load is sufficient to overcome the host’s clearance mechanisms, early alveolar air space, parenchymal and lymphatic changes will result. It is these changes which cause the centrilobular ground glass opacification which characterises early silicosis on CT scans. Eventually, further macrophages recruitment occurs, further release of oxidants, proteases, inflammatory cytokines and arachidonic acid metabolites. This cycle self-perpetuates, causing progressive alveolar inflammation and fibrosis. The factors slowing or stopping the process in those individuals who develop relatively inactive disease is largely unknown.
Understanding the central role of the alveolar macrophage has recently been enhanced by improvements in laboratory technologies and better understanding of macrophage lineage and function (19). Preliminary studies have also shown significant promise to identify reliable biomarkers of disease, especially when findings are interpreted in the presence of other less specific markers; however, further research is needed for this to be validated.

[bookmark: _Toc68764952]Classification of silicosis
The diagnosis of silicosis is a clinical conclusion based on:
1. a clinical history of sufficient exposure to silica/silicates consistent with a cumulative lung burden capable of triggering the disease process, and
2. lung parenchymal radiographic appearances more likely to be consistent with silicosis, and
3. an absence of another more likely diagnoses that can simulate the radiographic abnormalities of silicosis. 
Clinical manifestations, if present and physical examination findings provide evidence to support the diagnosis. However, these factors are not necessary for a formal diagnosis. Over the last 70 years, diagnostic criteria has evolved with improvements and standardisation of chest radiographs and health surveillance programs that identify pre-symptomatic disease.
There are three categories (acute, chronic and accelerated) of silicosis that has been described based on time since first exposure and radiological appearance (see Table 1). The existing classification framework by Álvarez, González (9) has been built on to incorporate the prognostic value of the rate of change in lung function that influences that nature of the interventions available for the subclass.
[bookmark: _Ref67926502][bookmark: _Toc68764988]Table 1: The different categories of silicosis 
[image: ]
Source: Modified from Álvarez, González (9)
Abbreviations: FEV1, forced expiratory volume in one second; FVC, forced vital capacity; PMF, progressive massive fibrosis
a. The radiology and radiological progression is defined as a change in ILO (20) subclass or equivalent International Classiﬁcation of HRCT for Occupational and Environmental Respiratory Diseases (ICOERD) (21) classifications.
b. With screening that includes HRCT, we can detect parenchymal changes consistent with chronic silicosis before the elapsed 10 years since first exposure and at ILO profusion grades other than >0/1. This criterion is based on the absence of documented rapid progression. It is derived from and to be concordant with criteria defining the rapidly progressive pneumoconiosis seen with the spectrum of coal mine occupational respiratory diseases (22). It has potential prognostic significance and defines a group of affected people with a <10-year exposure history and who appear less likely to progress to complicated manifestations of the disease. This characterisation can only be applied retrospectively, after there has been a demonstrated absence of rapid progression. The evidence suggests this cohort could be as high as two-thirds of those workers who would otherwise be labelled as suffering from accelerated silicosis.
c. A criterion for rapidly progressive pneumoconiosis seen in the spectrum of coal mine occupational respiratory diseases (23).
As the purpose of diagnostic sub-classification is to assist targeted intervention and research, an alternative classification system is also gaining momentum:
Acute: silicoproteinosis (ground glass appearance, and soft nodularity) is the dominant feature on HRCT and clinically there is evidence of rapid radiological or functional progression.
Simple: parenchymal disease without evidence of rapid progression.
Complicated: parenchymal disease with radiological or functional evidence of rapid progression.
While the rate of disease progression is clearly important to clinical decision-making and a FEV1 loss >60 mL/year appears to be the threshold, insufficient data was considered available to warrant formally changing the established sub-classification criteria.
In the Australian setting, case identification activities in workers who have been exposed to engineered stone have revealed increased prevalence of accelerated and complicated silicosis. It has also highlighted that some workers do not meet the established diagnostic criteria for silicosis but are clearly at-risk given their significant exposure histories and detectable changes.
Furthermore, the epidemic of artificial stone silicosis has raised the possibility that toxicity in this cohort may relate to a combination of factors in addition to the magnitude of exposure including:
the nature of the resin used to bind the quartz in engineered stone, and/or
the other elements used to create the range of composite materials supplied to the market.
This is an area that will require careful investigation. Complicating the toxicology further, for acute silicosis (diagnosed within 3 years of first exposure) and to a lesser extent accelerated silicosis (diagnosable within 10 years of first exposure), case-based experience suggests that cumulative lung burden should not be considered linear. High intensity exposures have potential to not just shorten the time required to cumulate a sufficient lung load but could also trigger alternative mechanisms of toxicity. This could explain differences in the incidence of acute and accelerated silicosis with engineered stone.
In all forms of silicosis there appear two distinct subsets – those who rapidly progress and those who do not.
Rate of progression in workers exposed to silica is known to show individual variation and is likely to be influenced by factors that are currently unknown, and therefore requires further research.

Silico-lymphadenopathy (no parenchymal disease)
The presence of silica-related hilar and mediastinal lymphadenopathy but without radiological evidence of parenchymal change has long been recognised. These cases do not meet the diagnostic criteria for silicosis and have become been easier to detect due to CT scans. The frequency with which these cases have been seen in the engineered stone exposed cohort reinforces the need to identify these workers as an at-risk category of workers who must be identified and closely followed in a disease registry.
For GPs who would like to follow a learning course on diagnosis and management of silicosis: see the Royal Australian College of General Practitioners learning resource 



[bookmark: _Toc68764953]Acute silicosis
A diagnosis of acute silicosis is often identified in exposed individuals who experience rapid onset and/or worsening of symptoms including dyspnoea, cough, fever and sometimes pleuritic pain. Early accelerated silicosis can present with similar features. Fortunately, both forms of silicosis can be managed in the same way while they are investigated and the diagnosis established.
Acute silicosis is similar to alveolar proteinosis. Bilateral perihilar consolidations as seen with alveolar proteinosis can be seen on CXR, and high-resolution computed tomography (HRCT) reveals ground glass opacities or air space consolidations. There is usually progressive breathlessness, pleuritic chest pain, fever, cough, fatigue, weight loss and rapid progression to death from respiratory failure.
Acute silicosis is generally caused by massive exposure. Example of at-risk exposures include sandblasting with sand (but not usually sand substitutes), silica flour manufacture and abrasive fabrication and uncontrolled manufacturing processes involving high silica content substrates.
When acute silicosis is suspected in a patient with recent high dose exposure to silica (up to 3 years prior), the initial assessment is aimed at understanding the exposure history and excluding other possibilities contributing to the differential diagnosis, such as pneumonia, acute respiratory distress syndrome, heart failure, diffuse alveolar haemorrhage, eosinophilic pneumonia, lipoid pneumonia, and pulmonary alveolar proteinosis (8). Silica particles are identifiable within the pulmonary macrophages and provide good sensitivity and specificity for this diagnosis. However, there are difficulties in accessing testing in Australia. Consequently there are no readily available diagnostic tests for acute silicosis and further testing is nearly always required to formally exclude alternative diagnoses (4).
Urgent referral to a respiratory physician and/or hospital is recommended. Tests such as such as full blood count and differential, brain natriuretic peptide and cultures of blood and sputum are helpful in excluding possibilities from the differential diagnosis. While extended testing may be necessary to exclude other pathologies, these are best considered by the respiratory physician and should not delay referral.
[bookmark: _Hlk60911757]Identifying people with acute silicosis early is important to lessen any parenchymal changes from any treatable cause becoming established. Potentially favourable interventional trials are in planning or already under way.
[bookmark: _Toc68764954]Accelerated silicosis
Accelerated silicosis is an intermediate entity between the acute and chronic forms that generally appears after a period of exposure of 3 to 10 years. It progresses more rapidly to the complicated forms of silicosis such as PMF than chronic silicosis. However, even some individuals with radiological evidence of PMF do not appear to progress. Symptoms of breathlessness occur earlier than in chronic silicosis, and complications such as emphysema and respiratory failure are more likely to develop in this cohort (4).
Examples of at-risk exposure include sandblasting, stone masonry using powered tools without dust controls and respiratory protection as well as any work with engineered stone. There have also been several cases reported in association with tunnelling and quarrying.
Again, identifying people with accelerated silicosis early is important. the need to identify cases before any significant parenchymal disruption or distortion due to fibrosis becomes established. Potentially favourable interventional trails are also in planning or already under way.


[bookmark: _Toc68764955]Chronic silicosis
Chronic silicosis can be challenging to diagnose. It is often asymptomatic or presents with only very mild exertional dyspnoea. Simple and complicated chronic forms are the most common types of silicosis, appearing generally after 10 or 15 years of exposure. Symptoms range from the asymptomatic simple chronic silicosis detected by radiological examination to complicated silicosis that most frequently presents with dyspnoea and cough. Examples of classic at-risk exposures for the development of chronic silicosis include foundry work and mining.
The primary clinical focus is to optimise respiratory health, support the psychosocial needs of the affected person and aggressively treat any reversible complications, in particular intercurrent infection.
[bookmark: _Toc63075774][bookmark: _Toc68764956]Complicated variants
The classic radiological sign of simple silicosis is a bilateral diffuse nodular pattern (opacities <10 mm), with greater upper lobe and posterior involvement. The simple form may progress to complicated silicosis in which nodular conglomeration occurs (nodules >10 mm in cross-section or PMF), associated with parenchymal retraction with or without para-cicatricial emphysema.
As the disease progresses, the typical complications of emphysema may be seen, as well as various patterns of calcification. Necrosis and cavitation are uncommon and may be a sign of complicating infection including tuberculosis. In more advanced cases, there is extensive structural breakdown with formation of fibrotic masses, respiratory failure, pulmonary arterial hypertension, cor pulmonale and right heart failure. However, there is no data to suggest that lung transplantation has worse outcomes compare to other patients.
This progression from simple to complicated silicosis is a consequence of a complex interaction between intensity and duration of exposure and while it may be relevant, there is insufficient data to conclude that genetic susceptibility is a major contributing factor.
[bookmark: _Toc68764957]Artificial stone silicosis
Artificial stone silicosis is a spectrum of disease presentations, similar to the historical forms of silicosis but with shorter latency and more rapid progression. The diagnostic label is applied due to the source silica exposure and has been added to the classification scheme to highlight the possibility of secondary factors influencing disease progression. These may be associated with the binding resins and the composite substances that create the range of stone finishes. The typical presentation early in the disease course is of soft centrilobular ground glass infiltrates which are predominantly upper zone.
Screening programs have identified several important subgroups. For example cases with:
hilar or mediastinal lymphadenopathy (with or without calcification) without parenchymal disease
PMF but normal lung function
chronic simple silicosis with numerous nodule below the resolution of conventional ILO-CXRs some complicated by PMF.


[bookmark: _Toc68764958]Exposure to RCS and silicosis
Epidemiological studies (24, 25) based primarily on standardised chest X-ray (CXR) findings using ILO criteria, have demonstrated a strong relationship between cumulative exposure to RCS dust, disease severity and the risk of progression. This risk of progression continues even after the worker is no longer exposed to RCS dust. Many studies have examined the effect of silica exposure on longitudinal lung function, these have not shown similar results.
Hertzberg, Rosenman (26) attempted to assess the effect of silica exposure assuming 40 years of maximal exposure at 0.1 mg/m3, eight-hour time weighted average (TWA). The results suggest continued exposure at this level would result in a longitudinal declined of forced vital capacity (FVC) and forced expiratory volume in 1 second (FEV1) of 1.6 mL/year and 1.1 mL/year respectively, per mg/m3 of mean silica exposure. The normal rate of FEV1 decline due to ageing in non-smokers is approximately 30 mL/year (27).
In Australia, the current workplace exposure standard (WES) for RCS is a TWA of 0.05 mg/m3 in all jurisdictions except for Tasmania. WHS Ministers and Safe Work Australia have advised that more research will be undertaken to explore lowering the WES further.
[bookmark: _Toc68764959]Enhanced progression with continued exposure to RCS
Once a worker has been diagnosed with silicosis, continued exposure to RCS causes faster disease progression. For example, Gold miners with ongoing exposure had greater functional impairment and radiological severity of disease compared to those who ceased exposure (28). Hessel, Sluis-Cremer (29) showed that continued exposure, increased the number of workers who progressed (94.6% vs 88.3% for workers with continued exposure and those without, respectively). Carneiro, Barreto (28) also showed continuing hazardous silica exposure was associated with risk of developing significant radiological changes (International Labour Organization [ILO] nodule perfusion category 3, odds ratio [OR] = 6.42, 95% confidence interval [CI]: 1.20–34.27), presence of PMF and/or large opacities (OR = 3.85, CI: 1.07–13.93) compared to those who left the high exposure setting studied.
In a prospective cohort study of 141 granite workers with silicosis, Lee, Phoon (30) found that 37% showed radiographic evidence of disease progression over a 2 to 17-year follow up period. Progression was strongly associated with duration of exposure and severity of disease status at the time of initial CXR. Workers were at increased risk of progression if they had evidence of large opacities on their initial CXR. These findings have also been reported in coal mine workers (31).
[bookmark: _Toc68764960]Progression in the absence of further exposure to RCS
Silicosis generally progresses in the absence of further exposure. This has been demonstrated in many studies including a retrospective cohort study of Japanese tunnel workers (32). In Dumavibhat, Matsui (32), despite leaving the workforce and removing themselves from further silica exposure, more than half of continued to progress in disease severity, some in under two years. A series of silicosis cases in Turkish denim sandblasters who had been subject to very high exposures, also showed rapid disease progression in the absence of further silica exposure in as little as four years (33).
There are some studies which have not shown inevitable progression in their cohort, at least in terms of their CXR imaging and lung function tests. This could relate to insensitive tests (CXR vs HRCT), a pattern of episodic progression not previously described, and/or a relatively short duration of follow up. Unfortunately, available literature failed to reveal descriptors that might identify this group, and their longer term clinical course. However, in many studies there appears to be a small but consistent group of workers who do not manifest rapidly progressive disease even if they have PMF at diagnosis or describe less than 10 years since first exposure (accelerated silicosis).
A recent example, León-Jiménez, Hidalgo-Molina (25) report was focused on the rapid progression observed in their cohort with 56% of their patients progressing to two or more ILO subcategories. Even so, they documented that 55% of patients with ILO category 1; 47% with ILO Category 2; and 29% with ILO Category 3. During the mean follow up period of 4 years, patients did not change their ILO category.
While Ress and Murray (34), suggested this group might be between one- to two-thirds of affected workers, the impression is that it could be less than one-third. Mohebbi and Zubeyri (35) reported that 34.8% of their case series including 23 silica flour packers with acute and accelerated silicosis did not progress over a mean follow up period of 30 months (range 12–54 months).
Continued exposure to RCS does not preclude the potential for developing chronic silicosis in the survivor cohort or triggering an accelerated response. In theory, inadvertent high short-term exposure to RCS could potentially convert an inactive process into active progressive disease. Until an appropriate registry is established these outcomes remain theoretical.
Developing silicosis in the previously exposed worker, but without evidence of disease when first seen, can occur even in the absence of further exposure (31). Combined with the potential for transient lapses in safe work practices, once silicosis is recognised or even strongly suspected it is recommended the risk of further RCS exposure be avoided. This recommendation is enhanced by short-term excursions from the regulatory exposure standard.
However, what the evidence does show is that until there is clear evidence of disease progression, the decision to stop work should be a patient-centred shared decision.

[bookmark: _Toc68764961]Prevention of occupational respiratory disease
Prevention of silicosis and occupational respiratory disease generally is broadly divided into three categories: primary, secondary and tertiary prevention, as summarised in Table 2.
Currently, there is no treatment for silicosis. Prevention of cumulative exposure that might trigger silicosis is therefore the highest priority.

[bookmark: _Ref66445137][bookmark: _Toc68764989]Table 2: Prevention of silicosis
[image: ]
Abbreviations: RCS, respirable crystalline silica

[bookmark: _Ref66738258][bookmark: _Toc68764962]Primary prevention
This is primarily the responsibility of the individual and their workplace. However, medical practitioners contribute by promoting awareness of the health consequences and actively reinforcing and encouraging compliance with safe work practices. Primary prevention adopts, as far as reasonably practicable, the Hierarchy of Risk Controls (36):
1. Eliminate the hazard.
Substitute the hazard with a safer product. For example, sourcing a stone benchtop with a lower percentage of silica.
Isolate the hazard. For example, designate areas for tasks that generate dust and appropriate worker positioning during these tasks.
Use additional engineering controls to control dust generation.
Use administrative controls to limit exposure duration.
Use Personal Protective Equipment (PPE). PPE should be a non-discretionary complementary strategy not a sole strategy to manage the risk.
[bookmark: _Ref66742462][bookmark: _Toc68764963]Secondary and tertiary prevention
For secondary prevention, diagnosing a person with disease as early as possible can be challenging. Exposure assessment at this stage has unfortunately not achieved the level of sophistication to enable robust stratification of an individual’s risk. Currently it is also not possible to describe what increment of additional cumulative exposure is needed for a person with potential sub-clinically detectable, dormant or slowly progressing chronic disease to develop into more rapidly progressive disease. Given the ethical research considerations, such insights are unlikely to be discoverable by prospective case-controlled research design. Consequently, it is not possible to know what the risk of silicosis is for an individual from continued exposure at or below the Australian WES. The clinical trajectory of any individual will also be unknown until sufficient time has elapsed to observe the disease behaviour in that person.
When encountering an individual with established disease, the default recommendations, regardless of their clinical state, are:
prudent avoidance of further exposure to RCS (24) and
consider alternate roles.
This advice, however, should be balanced against the significant impact of ceasing work – psychologically, socially and financially. Upon diagnosis, it can be difficult for a person to process that it may be their own workplace that is causing them harm. This can compound their sense of hurt and psychological distress. The person’s workplace should therefore be independently assessed before providing such an opinion, particularly if the person has normal complex lung function (FEV1, FVC and diffusion capacity) and who is clinically asymptomatic.
Unless there is a clinical indication to do so, there is no urgency to leave the workplace until the nature of their disease and circumstances are better understood. In addition, unless there is a real risk of a short-term intense additional incremental RCS exposure, deployment in a statutory compliant workplace is very unlikely to materially contribute to the natural progression of their disease. This is because the disease is already established and progressing. During the worker’s phase of adjustment to the diagnosis, the worker warrants optimal support to make informed decisions.
Consequently, a shared decision-making process is highly recommended (37, 38). The person should be provided with the options they have available as well as the benefits and potential harms of each (See 3. psychosocial support and education). In a patient-centred model of health care delivery, providing the opportunity for people to question and understand the advice provided by a trusted clinician as well as take the time needed to make an informed decision is central to facilitating desired behavioural change. The same principle applies for health surveillance.
[bookmark: _Ref66738230][bookmark: _Toc68764964]Statutory obligations of the PCBU – Is the workplace safe?
As a medical practitioner your patient, or sometimes your patient’s workplace insurer, may ask your advice concerning the risk of harm should your patient return to their place of work. This can be difficult when only limited information is available and is best undertaken by a consulting specialist physician in occupational and environmental medicine. The tendency is to apply a precautionary principle and recommend absence while investigations take place. Referral to an occupational or respiratory physician is highly recommended. A patient-centred shared decision tool is included in Appendix B to assist in the process.
Under existing WHS laws (36), across all jurisdictions a “person conducting a business or undertaking” (PCBU) has specific duties to identify hazards and manage the risks to health and safety when using, handling, generating and storing hazardous chemicals, including silica.
Consequently, PCBUs have a statutory duty to apply the primary prevention strategies (see Primary prevention) and to fund and support the secondary prevention strategies for their at-risk workers. Currently, unless a compliance code has been enacted for your jurisdiction, if a PCBU is performing work that uses or handles silica containing products and/or undertakes tasks that could generate RCS dust, they must undertake a formal risk assessment and self-assess whether the workplace ‘poses a significant risk’ to their worker’s health. For some industry sectors, the risk assessment has been carried out by the regulator and a compliance code of practice developed to inform the industry sector.
However, If the PCBU does not perform the risk assessment, fails to identify the hazard, or more commonly the PCBU does not understand the limitations of WES, then workers may remain at-risk until the jurisdictional inspectorate issues an infringement notice.
The current WES (published by Safe Work Australia and revised in December 2019) for RCS mandates that an eight-hour TWA[footnoteRef:2] of 0.05 mg/m3 must not be exceeded and limits apply to accommodate permissible excursions. When working with engineered stone these excursion limits are easily breeched but may not be appreciated when exposure is averaged. [2:  The TWA’s are generally based on the chronic or sub chronic effect that occurs at the lowest airborne concentration of the chemical (the critical effect). The WES is derived on the assumption of protecting nearly all workers (noting natural biological variation and sensitive individuals) and a working lifetime of eight work-hours per day, five working days per week, 48 working weeks per year, and 40 working years per lifetime.
] 

Operationally, PCBU’s implement “action levels” at 50% of the relevant WES. This means that if measurements are greater than 50%, it triggers an investigation and corrective actions. Depending on the jurisdiction and the airborne hazardous substance in question, a prescribed frequency and type of personal air monitoring is recommended and enforceable. Unfortunately, at this stage, qualitative evidence of compliance with requirements outlined in current compliance codes is less than desirable.
As there are different shift profiles for different occupations, TWAs can be adjusted to provide the equivalent protection while accounting for greater exposure duration and reduced recovery hours between shifts. Short-term exposure standards (STELs) and peak limitations are derived to protect people from acute critical effects and should not be adjusted.
As a medical practitioner asked to assess the safety of a workplace, it is important to realise that generally, a dust generating process is not considered to be under reasonable control if short-term exposures exceed three times the TWA exposure standard for more than a total of 30 minutes per eight-hour working day, or if a single short-term value exceeds five times the TWA exposure standard. As these measurements are not normally reported, you need to look beyond the reported levels and qualitatively assess the pattern and intensity of dust generation that can be masked by ‘averaging’.
Another factor to consider when counselling your patient is your assessment of when the exposure “most likely” occurred. Given the nature of the disease process this will most likely be “years ago” (especially for chronic silicosis). To date, there has not been any cases reported in Australia where the exposure to engineered stone dust was less than three years (3). As the workforce can be migratory the significant exposure may have occurred with a former employer. Work practices can also change so with heightened awareness, current work practices may have substantially reduced the risk of further exposure.
[bookmark: _Toc68764965]The supervising medical practitioner and health monitoring
Following the PCBU’s risk assessment, if the person’s health is considered at significant risk from exposure or there is an applicable compliance code of practice, a health monitoring program is required. The PCBU acquires a duty to engage a suitably qualified medical practitioner to carry out and supervise their health monitoring program. The medical practitioner has no statutory authority to direct which workers must undergo health monitoring.
The current legislation varies across jurisdictions relating to how or when a medical practitioner, should be involved in the health-risk management of the PCBU’s workforce. Only after a risk assessment indicates, are GPs or consultant physicians with a specific interest in occupational medicine required to supervise health monitoring programs.
In some settings, guidance has been developed and embedded in compliance codes of practice relating to engineered stone. These are statutory empowered guidance documents to assist duty holders to translate into action their minimum statutory obligations. Safe Work Australia is currently developing a model code of practice for optional implementation by the states and territories who have adopted the model WHS laws.
Consequently, if a person presents that you suspect has been exposed to RCS dust, it is highly recommended that you obtain consent to liaise with the SMP responsible for health monitoring at their workplace. The SMP should have valuable intelligence about the worker’s health monitoring program, the workplace’s compliance with safe systems of work and an established relationship with your patient’s employer that can provide ongoing support for you and your patient. If your patient doesn’t undergo health monitoring, you can refer your patient to:
[bookmark: _Hlk63032504]if your patient is asymptomatic – a consultant physician in Occupational and Environmental Medicine (OEM)[footnoteRef:3], or if you are a respiratory physician and seeking the support of an Consultant Physician in OEM, or [3:  A list of consultant physicians in Occupational and Environmental Medicine can be accessed at https://www.racp.edu.au/about/college-structure/australasian-faculty-of-occupational-and-environmental-medicine/find-a-consultant ] 

if your patient is symptomatic – a Respiratory Physician with expertise in occupational lung diseases[footnoteRef:4]. [4:  In Queensland, a list of Respiratory Physicians with a special interest in Coal Workers Pneumoconiosis which includes silicosis can be accessed at https://www.thoracic.org.au/information-public/register-of-physicians-in-queensland ] 

For further information on the role and responsibilities of a medical practitioner conducting health monitoring for exposure to hazardous chemicals which overlaps with health surveillance, Safe Work Australia has published a “Crystalline silica health monitoring guide” for medical practitioners (39).

[bookmark: _Toc68764966][image: ]Guidelines
The identification, investigation and ongoing management of individuals at-risk of RCS related disease can be divided into (i) case identification and (ii) ongoing health surveillance. While focused on RCS, the Guidelines are structured as a framework for the assessment of any worker with occupational dust exposure. The following practice points (unless otherwise stated) are provided to describe a set of minimum standards to inform health practitioners undertaking case identification and health surveillance. These standards are also recommended for any statutory or government activity.

[bookmark: _Toc68764967](i) Case identification practices
GP clinics and local community focused health centres are important resources to both idenitfy and respond to the needs of the worker. For those who no longer work in an at-risk industry, GPs and other health centres play an even more important role in indentifying cases early, referring them to the appropriate specialists and providing support to the person, their family and friends.
Case identification is a strategy for targeting resources at individuals or groups who are suspected to be at high-risk for a particular disease. In the occupational setting, case identification has similarities to screening and contact tracing seen in the public health setting. These activities seek to risk stratify the target population for further investigation and ongoing management.
To change health-risk behaviours or reinforce safe practices, awareness and understanding of behaviours that can negatively impact a person’s health are critical. Historically (prior to April 2018) this had been lacking across the engineered stonework sector in particular (40). More recently, in all jurisdictions, broad promotion of the issues of hazardous dusts and silicosis, and various jurisdictional specific case identification programs has enhanced health awareness with variable effectiveness (41).
While broad health promotion messages at the population-level have been successful in some settings, cultural and language barriers have posed challenges reaching a wider population. Consequently, case identification requires a high level of suspicion by the clinician to identify people who have been exposed to RCS or have a history of hazardous cumulative exposure that might require health surveillance.
The purpose of case identification is to:
Identify, educate and support workers with no early markers of disease but who remain at-risk of hazardous cumulative exposure, particularly those with a history of hazardous cumulative exposure that require more frequent health surveillance.
Identify people who have markers of possible early disease, but do not yet reach the threshold for diagnosis that require active health surveillance.
Provide counsel and support for people with early disease and apply interventions to minimise the risk of rapid progression.
Identify people with established disease and refer them for specialist shared care.
The process of case identification will vary and reflect jurisdictional assessment of the target population within that region. Examples of case identification include:
A limited “one off” event, publicly marketed via multiple media channels with limited ongoing access for those individuals who may have missed ‘the event’.
An embedded ongoing activity targeting specific industry sector/subsectors.
A combination of both processes.
Regardless of the process adopted, for a national case identification program to be effective it requires:
Robust and consistently applied diagnostic criteria for case and potential case recognition.
Consistent diagnostic and follow up investigative services that reflects the sensitivity and specificity of the metrics employed.
Targeted contact tracing by the relevant health authorities.
Data collection in a format that enables serial and cross-sectional pooled data analysis – aligned to the information requirements of the National Occupational Respiratory Disease Registry.
A model of aftercare supported by clinical governance.
The outcomes of case identification are:
Baseline data collection
Finding people with disease
Risk stratification of those with exposure without disease.
Risk Stratification will depend on:
Exposure history
Calculated exposure dose
Symptoms and comorbidities
Results of investigations
Current and planned vocational deployment.

[bookmark: _Toc68764968](ii) Ongoing health surveillance
Health surveillance is the purposeful and ongoing acquisition, interpretation and synthesis of patient data in a manner that informs clinical decision-making. Health surveillance is more than statutory defined health monitoring. It encompasses the multidimensional nature of a person’s health and is informed by the body of medical evidence at the individual and public health levels as well as the societal need.
Activities are undertaken within a schedule that reflects what is known of the pathophysiology of the diseases and surveying for the earliest reliable indices of clinical significance. Consequently, health surveillance is informed by the evolving body of knowledge concerning the:
1. Appropriate intervals to detect a change of significance sensitivity to the natural intra-individual and inter-individual variation.
Detecting the more rapidly progressive forms of the disease as soon as practical.
Next best practice principles (what is anticipated to be best practice in the future) endorsed by the medical profession for assessing and diagnosing occupational lung diseases (42).
In addition, forongoing surveillance to be effective it must:
engage with and enhance existing jurisdictional resources including GP clinics, hospitals, specialist clinics, imaging services, pathology services and allied health care services; and
be conducted within a quality-controlled continuity of care framework.




[bookmark: _Toc68764969]Case identification
	Additional resources required:
1. General medical questionnaire
MRC respiratory questionnaire
Descriptors of high-risk roles – Similar exposure groups (SEGs)
Contact database for occupational physicians and suitably qualified medical practitioners.




[bookmark: _Ref66740243][bookmark: _Toc68764995]Figure 2: Steps to identify the appropriate referral pathway
[image: ]
Abbreviations: GP, general practitioner; MRC, medical research council; RCS, respirable crystalline silica; SMP, supervising medical practitioner; Q, question
*To date if a person has worked less than 3 years in an “at-risk role” in Australia, there has not been a reported confirmed case. The National Occupational Respiratory Disease Registry will continue to monitor case experience and modify this threshold if necessary. 
**The SMP and the PCBU has a statutory responsibility to provide advice relevant to the person’s exposure risk setting.


[bookmark: _1._How_to][bookmark: _Toc68764970]1. How to identify a person of interest and refer them to the appropriate medical practitioner?
	Key practice points

	1. If your patient is employed in an “at-risk role”, contact the worker’s SMP (with their consent).
Avoid duplication, obtain advice and support; health monitoring is funded by the PCBU.
[Statutory requirement]
2. If your patient has significant symptoms or a persistent change in symptoms, refer to a respiratory physician.
3. If your patient has unclear or minor symptoms, employed in a potentially “at-risk role” with no SMP, use the exposure assessment tool (see D. Diagnostic imaging)
Refer to an experienced occupational physician or suitably qualified medical practitioner if you are not confident in exposure assessments.
4. For patients who have been exposed for less than one year or have no early markers of disease, strongly reassure, reinforce safe work practices and, address their clinical concerns, if necessary.

	[image: Aperture outline]
	Supervising medical practitioner

	5. The SMP can coordinate health monitoring activities and facilitate the exposure assessment.



For an initial assessment of a worker or person exposed to RCS, the person may:
1. Present to a GP (unreferred)
Present to an occupational physician, respiratory physician or a suitably qualified medical practitioner (referred – by a call centre, employer or GP).
If your patient appears to work in the building, construction, minerals, mines, quarrying or tunnelling industries, ask:
Have you worked with engineered stone or have any concerns about the nature of the dust in which you have worked?
If the answer is yes, Figure 2 (above) presents the steps a GP or other suitably qualified medical practitioner should follow to identify the appropriate physician to refer to and establish a baseline.
If the person is already employed in an “at-risk role” or is to be employed in an “at-risk role”, the assessment is expected to be coordinated by the SMP responsible for the workplace (see Statutory obligations of the PCBU). The assessment will be undertaken at the PCBUs expense. The relevant SMP should therefore be contacted, with informed consent, to avoid duplication of resource use and unnecessary radiation exposure. In some settings the SMP may engage the GP to undertake necessary activity.
If the person’s current employment does not include recognised at-risk activities (unless there is an accepted compensable injury) there is no funding beyond Medicare to pay for the medical practitioners professional time and investigations. Where cases are identified, remember that the person’s current workplace may not be the source of their significant exposure.
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[bookmark: _Toc68764971]2. How to carry out an initial assessment?
Figure 3 presents the steps for a respiratory physician or occupational physician involved in case finding. Additional detail has also been provided on baseline data, exposure and lung function stratification, diagnostic imaging and additional investigations (2A to 2E). At the earliest stage possible, for those who are at-risk of mental illness, a Mental Health Questionnaire should be carried out. However, any person at high-risk or diagnosed with silicosis, should have ongoing psychological support and counselling (see When should psychosocial support and education to prevent disease or disease progression ).
	Additional resources required:
Exposure questionnaire (Appendix A)
Modified MRC dyspnoea questionnaire
Spirometry (TSANZ standard)
Mental health questionnaire (at-risk persons)




[bookmark: _Ref67841288][bookmark: _Ref66744028][bookmark: _Toc68764996]Figure 3: Steps for initial assessment of a worker or person exposed to RCS
[image: ]
Notes: Please see notes below (2A to 2E) for additional detail 
Abbreviations: CXR, chest X-ray; HCRT, high-resolution computed tomography; ILO, International Labour Organization; MDT, multidisciplinary team; RCS, respirable cystalline silica; TSANZ, The Thoracic Society of Australia and New Zealand

[bookmark: _Toc68764972]A. What baseline data should be collected?
	Key practice points

	1. Collect baseline demographic, exposure and medical history, respiratory symptoms (if any) and physical examination findings.
2. Upload, with the person’s consent, the information to their My Health Record. 



Baseline data including demographic, exposure and medical history, respiratory symptoms (if any) and physical examination findings should be collected (Figure 3). With the person’s consent, all baseline information and ongoing follow up should be recorded on the individuals My Health Record. This will enable continuity of care and can improve the ability for a medical practitioner to make informed management decisions if there are clinically significant changes. The lung function data should be sufficient to facilitate SPIROLA trend analysis.

[bookmark: _Toc68764997]Figure 4: Baseline data to collect
[image: Table outlining the baseline data that needs to be collected.]
Abbreviations: MRC, medical research council; TSANZ, The Thoracic Society of Australia and New Zealand
Safe Work Australia’s publication “Hazardous Chemicals Requiring Health Monitoring” (43) includes guidance on respiratory health assessments for workers exposed to crystalline silica. It broadly sets out a process for baseline respiratory health assessments from a minimum regulatory perspective.
A person with respiratory symptoms is considered at high-risk until a satisfactory explanation is identified.

[bookmark: _Ref66780725][bookmark: _Toc68764973]B. Exposure stratification
	Key practice points

	3. If you are confident and have the appropriate experience, carry out the exposure questionnaire.

	[image: Aperture outline]
	Respiratory physician and/or occupational physician

	4. Use the exposure questionnaire (see Appendix A) for people who have been exposed to RCS for at least one year.



Use the questionnaire for the stratification of a person’s exposure risk in Appendix A. The exposure risk is a product of intensity, nature and duration.
All patients who have been exposed to RCS for at least one year should have their exposure risk determined. Rarely, a worker may be exposed to very intense short-term exposure in a workplace. In such settings, the SMP would trigger a post-incident assessment independent of the standard health surveillance encounter.
The GP should refer the person to either a respiratory physician, occupational physician or experienced medical practitioner who can carry out an exposure assessment and provide the appropriate support. The medical professional or SMP has a professional obligation to advise the GP of the outcome.
Given the nature of occupational respiratory diseases, the exposure assessment should only be carried out by the GP if they are confident and have the appropriate education, experience and resources to do so.
[bookmark: _Toc68764974]C. Lung function stratification
	Key practice points

	[image: Aperture outline]
	Respiratory physician and/or occupational physician and/or suitably qualified medical practitioner

	5. Baseline spirometry testing to TSANZ standards should be performed for all workers exposed to RCS. In the specific setting or significant RCS exposure, the following thresholds require further review appropriate to the clinical findings:
absolute FEV1 less than the LLN, or
absolute FEV1 is less than 70% predicted from GLI reference values, or
an absolute reduction of FEV1 by more than 30mL in one year, or
longitudinal decline of FEV1 greater than 15% change reduction over any period of time.
6. Repeat spirometry testing every 6 to 12 months if the results are below 80% of the GLI predicted threshold, testing should be carried out every 6 to 12 months.
7. Consider a test for DLCO for all high-risk workers, including when there is an absence of respiratory symptoms, and:
Refer for a HRCT if a person has a change in DLCO of more than 15% between screenings.
Refer to a respiratory physician if a person has a 10% reduction in DLCO in less than one year. 



[bookmark: _Spirometry]Spirometry
Lung function testing is recommended for all workers exposed to RCS at baseline (ideally at the commencement of their first employed or contracted role). Testing should include the standardised measurement of FEV1, FVC, forced inspiratory vital capacity (FIVC) and the FEV1/FVC ratio together with printouts of the flow-volume loops and volume time curves.
Spirometry used in the diagnosis and surveillance of at-risk individuals must be performed by suitabley qualified technicians to TSANZ[footnoteRef:5] standards and in accordance with international guidelines. [5:  A list of qualified technicians in credentialed facilities can be accessed at https://www.thoracic.org.au/respiratorylaboratoryaccreditation/list-of-accredited-labs ] 

Findings of spirometry testing in patients with silicosis may range between normal values and obstructive or restrictive patterns with marked decreases in FEV1 and FVC. Observational studies in large series of patients have shown that loss of lung function with reduced FEV1 and FVC is associated with the magnitude of exposure, extent of radiological lesions and history of tuberculosis. Spirometry should be performed not only at the time of initial assessment but also at periodic follow ups for the evaluation of possible functional deterioration.The ‘thresholds’ for FEV1 and impairment are defined by the comparison of absolute measurements to reference values (44), or longitudinal studies that show excessive declines in FEV1.
In the 2005 guidelines, the American Thoracic Society and European Respiratory Society recommended that the fifth percentile be used as the lower limit of the normal range (LLN). The LLN is a more robust threshold of what is considered “normal”. The historic 80% and 70% cut-offs were reasonable from a clinical management perspective for:
FVC, FEV1, diffusion capacity of the lung for carbon monoxide (DLCO) and total lung capacity in middle-aged adults, but
gave a high rate of false positive or false negatives for FEV1/FVC, forced expiratory flow (FEF) (25 to 75%) and maximal respiratory pressures. This has discriminated against people who have otherwise normal lung function.
A person will remain of interest and require frequent monitoring to establish the stability of lung function, if they are below 80% of the Global Lung Function Initiative (GLI) predictive value but score above the LLN. Statistically, 5% of people who “are normal” will be below the LLN.
Body weight is much less important than height when predicting most pulmonary function values and is not included in reference equations for spirometry. However, patients with a body mass index above 30 kg/m2 may have mildly reduced lung volumes (45).
Unless there is an established explanation, further review by a respiratory physician is recommended if the spirometry findings at either the initial case identification assessment or during ongoing health surveillance if (46):
absolute FEV1 is less than the LLN, or
absolute FEV1 is less than 70% predicted from GLI reference values, or
an absolute reduction of FEV1 by more than 30mL in one year, or
longitudinal decline of FEV1 is greater than 15% change of predicted GLI over any period of time.


Diffusing lung capacity for carbon monoxide
DLCO, which must be performed using accredited equipment and personnel, has revealed disease in some workers even where their spirometry results have been above acceptable thresholds (47). Therefore, all high‑risk workers should be considered for DLCO, including where there is an absence of respiratory symptoms.
Workers with a change in DLCO of more than 15% between screenings should be referred for HRCT. Diffusion capacity is affected in the complicated forms of silicosis and is sensitive to the presence of fibrosis. Static lung volumes can demonstrate a reduction in total lung volume and can provide valuable information when interpreting radiological findings. These examinations are performed in patients with complicated silicosis or if abnormalities are detected on standard spirometry. If there is confidence in the technical quality of the DLCO test, a 10% DLCO reduction in less than one year without adequate explanation, should trigger review by a respiratory physician.
Cardiopulmonary exercise studies do not appear to provide relevant data in asymptomatic patients, but they can be useful in selected cases for the objective measurement of breathlessness and exercise capacity (48).
The recommended action thresholds for spirometry and DLCO results is presented in Table 3.
[bookmark: _Ref67926348][bookmark: _Toc68764990]Table 3: Recommended action thresholds
	Measurement
	Description
	Result
	Action to take

	Absolute FEV1 
	Screens for ILD such as silicosis, black lung disease; and if present, severity of COPD)
	Normal: Greater than 80% predicted (GLI/GOLD)
	Review every 12 months

	
	
	Concerning “normal”: >70% and >LLN using GLI reference values
	Repeat every 6 to 12 months

	
	
	Abnormal: <70% or <LLN
	Further assessment required

	FEV1% (FEV1/FVC as a per cent) 
	Screens for COPD
	Normal: Greater than 80% (absolute ratio)
	Repeat every 12 months 

	
	
	Concerning “normal”: >70% and > LLN using GLI/GOLD predictive values
	Review every 6 to 12 months 

	
	
	Abnormal: <70% or <LLN 
	Further assessment required

	FVC 
	Screens for restrictive lung disease – ‘PAINT’ (pleural alveolar interstitial neuromuscular thoracic)
	Normal: Greater than 80% using GLI reference values
	Repeat within 12 months 

	
	
	Concerning “normal”: >70% and >LLN using GLI reference value 
	Review every 6 to 12 months 

	
	
	Abnormal: <70% or <LLN
	Further assessment required

	Post-bronchodilator spirometry
	Screens for reversible obstruction
	Normal: <12% improvement in both the FEV1 and the FVC
	Diagnostic criteria for asthma – manage as per relevant guidelines

	
	
	Absolute improvement in either FEV1 or FVC by 200 mL and > 12% improvement in either FEV1 or FVC
	Review every 6 to 12 months 

	Diffusion Capacity (49)
	ILD
	Normal: Greater than 80% (absolute ratio)
	Repeat as clinically indicated

	
	
	Concerning “normal”: >70% and >LLN using GLI/GOLD predictive values 
	Review every 6 to 12 months 

	
	
	Abnormal: <70% or <LLN
	

	Serial metrics
	Progressive disease (50, 51)
	Relative longitudinal decline FEV1 >5% 24 weeks
	Repeat in 6 months

	
	
	Absolute longitudinal decline FEV1 >10% 52 weeks
	Refer

	
	
	Absolute longitudinal decline FEV1 >15% 
	Refer

	
	
	Annual decline FEV1 >30 mL/year (non-smoker)
	Refer

	
	
	Absolute longitudinal decline DLCO >15%,
	Refer


Abbreviations: DLCO, diffusion capacity of the lung for carbon monoxide; FEV1, forced expiratory volume in one second; FEV, forced expiratory volume; FVC, forced vital capacity; GLI, Global Lung Initiative; GOLD, GLI for Obstructive Lung Disease; ILD, interstitial lung disease; LLN, lower limit of normal (fifth percentile) 
[bookmark: _Ref66740227][bookmark: _Toc68764975]D. Diagnostic imaging
	Key practice points
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	Respiratory physician and/or occupational physician

	8. Request a HRCT for any of the following reasons:
has had high or very high exposure dose level as calculated in the exposure dose matrix; or
significant respiratory or other symptoms; or
abnormal DLCO or spirometry findings; or
an ILO CXR >0/1.
9. If a HRCT is consistent with the diagnosis, ILO classification of a CXR should not be used to exclude a diagnosis of silicosis or access to statutory entitlements.
10. Consider a HRCT when respiratory function testing, symptomology or exposure history is suggestive of need for further investigations, even if the ILO CXR <1/0.

	[image: Aperture outline]
	Specialist radiologist

	11. The HRCT should be performed using as low a radiation dose as is practicable by a specialist radiologist with appropriate qualification and/or recognition and credentialling through RANZCR.
12. The HRCT should be reported by the specialist radiologist. It is recommended that an HRCT interpretation should be reviewed by the MDT team when there is any diagnostic uncertainty.


[bookmark: _Toc63075796]
When should a high-resolution CT scan be requested?
At any time during an individual’s engagement with the health care system, regardless of their duration in the engineered stone industry, if it is their baseline or subsequent periodic assessment, they are current or former workers in the artificial bench top industry, a non-contrast HRCT is clinically indicated for one or more of the following:
The individual has been deemed to have had a high or very high exposure dose level as calculated in the exposure dose matrix (see B. Exposure stratification); or
The individual has been identified to have significant respiratory, other symptoms or examination signs; or
The individual has either abnormal DLCO or abnormal spirometry findings performed at a laboratory accredited by the TSANZ; or
The individual has had an ILO CXR >0/1.
All chest CTs currently performed in Australia are effectively “high-resolution” compared with early versions of the technology. However, the abbreviation of HRCT often carries a residual belief that HR also means high dose and the acronym means different settings for different indications. The HRCT should be a non-contrast low dose HRCT scan including supine inspiratory and supine expiratory acquisitions. Thin slice images must be available for interpretation and it is recommended to reconstruct maximum intensity projection images and coronal images.
The HRCT study should be performed using as low a radiation dose as is practicable to produce the diagnostic quality imaging necessary for serial assessment. The administered radiation dose should be reported. The HRCT study should be reported by a specialist radiologist with appropriate qualification and/or recognition and credentialling through RANZCR.
It is recommended that any diagnostic uncertainty on HRCT interpretation, or other aspects of disease diagnosis, be discussed by a multidisciplinary team approach on a case-by-case basis.
When should a CXR be requested?
Historically CXR were the primary imaging modality used to detect lung disease due to silica exposure. However, HRCT has since been shown to have a higher sensitivity for detecting underlying disease, and greater accuracy in characterising the patterns of disease, particularly as it exists in the earliest detectable form.
A preliminary review of the data from Australian centres caring for workers with engineered stone-related disease has found that CXRs are failing to reliably detect disease. In one cohort of Queensland workers 43% with a normal CXR had disease visible on HRCT. In the same cohort bilateral PMF opacities were only visible on CXR in 64% of workers with this finding on HRCT. A range of interstitial lung abnormalities have also been identified on HRCT in engineered stone workers, including subtle findings such as small ground glass attenuation nodules (52) that must be distinguished from other possible causes.
Although only preliminary data is available, HRCT is the currently preferred modality in the diagnosis of silicosis as it lowers the risk associated with potentially false negative CXR in the setting of a high or very high level of silica exposure. However, because of the risk of false positives with the use of HRCT in a screening context, it is not currently recommended as a frontline screening modality in those who do not meet eligibility criteria that would otherwise warrant immediate investigation for diagnostic purposes. The need for a chest CT is based on the individual’s risk stratification.
Despite CXR lacking sensitivity and not being able to characterise disease as accurately as HRCT, a baseline CXR is recommended in some cases, and may still be needed to meet some jurisdictional requirements for the foreseeable future. In selected cases a CXR can be used as an alternative or in conjunction to HRCT for ongoing follow up in low-risk settings. The ILO has guidelines[footnoteRef:6] for the classification of radiographs of pneumoconiosis that were developed to standardise classification of lung opacities and reduce inter-reader variability. [6:  Guidelines for the use of the International Labour Organisation (ILO) International Classification of Radiographs of Pneumoconiosis (revised edition 2011) https://www.ilo.org/global/topics/safety-and-health-at-work/resources-library/publications/WCMS_168260/lang--en/index.htm ] 

Historically, all patients with a 0/0, 0/- or 0/1 CXR were classified as negative on initial radiological screening. However, because of the possibility for true positive cases to be occult on CXR, CXRs serve only as a preliminary assessment tool to be used in conjunction with results of respiratory function tests, symptomology, HRCT and exposure risk factors.
As outlined above, further radiology in the form of HRCT must be considered where respiratory function testing, symptomology or exposure history is suggestive of need for further investigations, even if the ILO classification is less than 1/0.
[bookmark: _Toc63075798]What imaging expertise is required?
Radiologists reporting silicosis should have experience in thoracic imaging including the imaging of interstitial lung disease (ILD) and the International Classiﬁcation of HRCT for Occupational and Environmental Respiratory Diseases (ICOERD) (21). While the ILO accreditation in CXR reading is acknowledged in its historical application to the reporting of occupational lung disease, “B-Reader status” is not recommended by the RANZCR as a mandatory requirement for radiologists reporting a CXR or HRCT in Australia. Radiologists reporting a CXR or HRCT for occupational lung disease should however, be regularly reporting for other ILDs.
Radiologists reporting HRCT for occupational ILD should ideally participate in interstitial lung disease multidisciplinary meetings at established ILD sites (or an equivalent review group).
[bookmark: fig0020][bookmark: _Toc68764976]E. Other investigations
	Key practice points

	13. All people should have a blood to exclude other diagnoses and assist in diagnosing RCS related diseases. 



TSANZ specifies that blood tests not too dissimilar to those indicated for other ILDs (including but not limited to serum angiotensin converting enzyme [ACE], rheumatoid factor and an autoimmune screen) (53) have a role in diagnosing silicosis after exposure to engineered stone. They also form part of the assessment to exclude other diagnoses.
Interferon-gamma release assays may also be indicated in diagnosing Mycobacterium tuberculosis infection for either at-risk individuals born overseas or with long-term exposure. This cohort has a higher than average population risk of developing emphysema, asthma, lung cancer, other pneumoconiosis, asbestos-related pleural and parenchymal lung disease and occupational bronchitis. They also have a higher risk of developing rheumatological, immunological and connective tissue disorders. Referral along an appropriate treatment pathway will depend on the spirometry results, imaging findings and symptomology.
Additionally, other diseases may present on chest imaging which are unrelated to the occupational respiratory exposure, and include, but are not limited to, cardiac pathology, lung infection and inflammatory processes, skeletal disorders and identification of foreign bodies. Identification of these other diseases should prompt appropriate further investigation, history taking and treatment outside this Guideline. 
Consistent with standard professional practice, any Incidental medical finding that might be significant to the general wellbeing of the worker’s health and wellbeing should generate a ‘duty of care’ referral letter for the examinee’s treating practitioner.


[bookmark: _Ref67921257][bookmark: _Toc68764977][bookmark: _Ref66813299][bookmark: SupportEducatin]3. When should psychosocial support and education to prevent disease or disease progression be provided?
	Key practice points

	14. Offer psychosocial support and counselling to all workers at-risk or diagnosed with an occupational respiratory disease as well as their family and friends.
15. Adopt a patient-centred approach and use the shared decision-making tool (Appendix B) that involves the person with the disease, their significant others and the medical practitioner to discuss options to minimise any further RCS exposure.
16. Do not describe your patients workplace as at-risk without a formal assessment. All workers at-risk or affected with silicosis should have their current/most recent workplace formally assessed before it is declared a significant contributing factor to the individual’s disease or disease potential.
17. All workers who are suffering and choose to continue work in an “at-risk role”, should be supported to do so if:
the worker is able and willing to comply with optimal safe systems of work, and
their clinical state is able to be monitored more frequently – four monthly instead of six monthly, and
adequate control measures are operational and compliance with WES based excursions is evident, and
return to work is supported by their employer and the worker’s compensation insurer.
18. Educate and reinforce safe behaviours at each visit for all workers at-risk or diagnosed with silicosis. Examples of important topics to be covered include:
Complying with safe work practices.
The possible adverse health effects related to significant exposure.
The importance of personal hygiene and cleanliness.
Correctly using PPE.
Fit checking and fit testing for effective respiratory protection.
Being clean-shaven if negative-pressure respirators are used.
Using powered air purified respirators when tight fitting respirators are unsuitable.



Upon diagnosis, it can be difficult for a person to process the fact that it may be their current workplace that is causing them harm. It is recommended the workplace be independently assessed before expressing an opinion that their current workplace is causing them harm. This is particularly important if the person has normal complex lung function (FEV1, FVC and diffusion capacity) and who is clinically asymptomatic or minimally symptomatic.
When encountering an individual who has been recently diagnosed, an individualised, patient-centred, shared decision-making approach is therefore highly recommended (see Secondary and tertiary prevention). Use the shared decision-making tool available in Appendix B to assist workers to make an informed decision on whether or not they should stop work.
The shared decision-making tool will assist workers to explore their options, facilitating consideration of the benefits and potential harms of stopping or continuing work. The tool also provides several questions for the person to consider and ask the medical practitioner to assist them in making a decision.
The goal of the shared decision-making tool is to enable the person and their primary supports to be involved in the decision-making process.
Given the nature of occupational respiratory diseases, the worker should be provided with the appropriate support to make an informed decision. If the GP does not have the appropriate experience or expertise, with the person’s consent, they should be referred to an occupational physician or respiratory physician. The SMP at the person’s workplace should also be engaged.
Supporting a worker’s return to work while their clinical state and rate of progression is closely monitored can be considered if:
their clinical state is able to be more frequently – 4 monthly instead of six monthly, and
adequate control measures are operational and compliance with WES is evident, and
your patient is able and willing to complying with optimal safe systems of work, and
return to work is supported by their employer and the workplace compensation insurer.
For all workers continuing in the workplace, individually targeted advice should be provided by a qualified clinician at the time of each health surveillance encounter. Such encounters should remind and reinforce safe work practices and optimal respiratory health. The consequences of non-compliance with safe systems of work should also be repeatedly highlighted.
Examples of important topics to be covered include (54):
Stopping smoking if the worker is a regular smoker.
Not smoking, including ‘social smoking’ or taking up smoking again.
Fit checking and fit testing for effective respiratory protection.
Being clean-shaven if negative-pressure respirators are used.
Using powered air purified respirators when tight fitting respirators are unsuitable.
Complying with safe work practices. For example, effective dust suppression/extraction, wet work, workstation housekeeping, using respirators with appropriate level of protection, protective clothing.
The possible adverse health effects related to significant exposure.
following protocols to correctly put on and off PPE as well as maintain and store PPE and clothing.
highlighting personal hygiene and cleanliness, including:
Washing face and hands before eating or drinking
Not eating, drinking or smoking in the workshop
Showering and changing into clean clothes and footwear before leaving the workplace
Parking vehicles out of any dust plume
Not taking the dust home.



[bookmark: _Toc68764978]Ongoing health surveillance
[bookmark: _Toc68764979]4. When should routine health surveillance be carried out?
	Key practice points

	1. Carry out ongoing surveillance:
for persons at low, medium and high-risk of disease progression, the recommended surveillance schedule (see Table 5) should be followed.
for persons who have normal baseline test results and have normal ILO CXR or negative HRCT, the recommended surveillance schedule (see Table 6) should be followed.
2. For all people with low-risk of exposure to RCS, they should be surveyed for no less than 20 years. However, if they were a smoker the multiplicative cancer risk means they should be subject to lifelong health surveillance.

	


[bookmark: _Toc63075801][bookmark: _Hlk63216360]The clinical utility of surveillance activity should ideally be associated with predictive modelling reflecting the case mix of the population in which it is to be used, the prevalence of outcomes of interest and the population from which it was derived. In the absence of robust modelling, these Guidelines are based on expert consensus informed by analogy and modelling in associated domains. Ge, Peters (55) has demonstrated the robust exposure-response relationship regardless of smoking, silicosis status and cancer subtype. It is anticipated the refinements to these recommendations will emerge from the disease registry once sufficient data has been collected and analysed.
Given the latency period of silicosis for people with low-risk of exposure and its clear carcinogenic potential it is recommended that individuals are monitored for no less than 20 years following their last known RCS exposure. If they are a smoker, with the multiplicative effect demonstrated by Ge, Peters (55), their potential increased cancer risk means their surveillance should continue indefinitely.
The Safe Work Australia guidance recommends annual health monitoring of individual at-risk individuals. Such activity is contingent on the person being deployed in a role that meets the relevant potential exposure criteria. if someone leaves that role, they may no longer be entitled to employer funded health monitoring activity.
Consequently, an effective professional relationship is highly desirable, as the SMP is ideally place This is particularly important during the time an individual is exposed to RCS irrespective of their level of risk. An annual respiratory review reminds the worker of the risks associated with their work and brings to consciousness the strategies necessary to keep them safe, for example fit checking and fit testing for those workers needing negative-pressure respiratory protection and assessing ongoing spirometry data.
The timeframe for periodic follow up should be adjusted based on the SMP’s exposure assessment, consideration of the person’s individual circumstances including their past and/or continued exposure to RCS and their level of risk determined at any one time.
Individuals, or a treating practitioner on their behalf, may request an earlier health surveillance review if there is concern about the development of respiratory symptoms including persistent cough, breathlessness or chest pains.
Principles applied
The following principles have been applied in developing the surveillance schedules:
There is a critical need to understand the nature and rate of progression of silica-related diseases in its first detectable forms.
Understanding the clinical course of the pathology at its earliest detectable state, provides the greatest opportunity for meaningful clinical intervention.
Baldwin and Callister (56) British Thoracic Society (BTS) guidelines for the investigation and management of small pulmonary nodules provides robust evidence-based recommendations and includes:
· Reassessing all sub-solid nodules (SSN) with a repeat thin-section (maximum thickness of 1.25mm) CT at 3 months with maximum intensity projection or volume rendering to improve nodule detection and characterisation.
· For nodules <300 mm3 or <8 mm diameter, CT follow up is indicated and the presence of multiple nodules had a small negative effect on the likelihood of malignancy developing in any one nodule. Consequently, nodule management can be determined by the largest nodule when more than one nodule is present.
· Part-solid nodules that show enlargement of the solid component, or for pure ground glass nodules (pGGNs) that develop a solid component or enlarge ≥2 mm in maximum diameter require further assessment.
· Repeat low dose, thin-section CT at 1, 2 and 4 years from baseline is appropriate where the risk of malignancy is approximately <10%.
Further clinical insight has been derived from observations of the 223 workers with silicosis (21%, and 32 with PMF) identified to 28 February 2021 from Queensland Government’s screening of 1053 engineered stone workers (57). The screening program commenced in September 2018, and therefore increasing numbers are transitioning through a workers’ compensation two year statutory entitlement assessment of ‘permanent impairment’. At this time, peer reviewed pooled data analysis is not available, consequently the evidence is limited to personal observation and expert discussions associated with ILD-MDT case presentations.
This experience has been recently complemented by the Phase-1 report of the more rigorous pooled data analysis of workers participating in WorkSafe Victoria’s stone benchtop worker screening program undertaken by Monash University since May 2019 (58). This program has identified 133 cases of silicosis (29%, with 31 diagnosed with complicated silicosis) from 456 workers to July 2020. Phase 2 of this program continues. The more detailed analysis of first 12 months of observations from 239 workers which included 86 workers with silicosis, and 21 with complicated forms of the disease, was published online in March 2021 (59).
[bookmark: _Ref68004207]A consensus clinical impression not yet verified by the data, is that if an individual is more likely to rapidly progress, they will demonstrate that progression within in the first 12 months of surveillance from first diagnosis. Consequently, the schedule has been structured applying a precautionary approach to detect as early as possible those individuals that may progress in a non-linear pattern. There is a greater frequency of interaction that diminishes with evidence of stability.


Routine surveillance
Routine surveillance for disease progression in people who meet the diagnostic criteria of any ILD is presented in Table 4. The criteria has been modified from Cottin (60) to align with this Guideline and includes the assessment and progression of nodules.
[bookmark: _Ref66713718][bookmark: _Toc68764991]Table 4: Criteria used in clinical practice to assess disease progression in fibrotic interstitial lung disease
	Lung function
	Rate of decline in FVC (mL/year)
Absolute or relative changes in FVC (mL or % predicted)
Absolute or relative changes in DLCO % predicted

	Symptoms and patient- reported outcomes
	Change in symptoms
Change in everyday life exercise capacity
MRC Respiratory Questionnaire monitoring shortness of breath, cough and quality of life

	Acute worsening (defined)
	Acute exacerbation of fibrosis (idiopathic or triggered)
Non-elective hospitalisation associated to a respiratory cause

	HRCT
	Change in extent or texture of features on HRCT:
· Change in quantitative (ICOERD) scores
· Change in solid nodule size (largest cross-sectional measurement or volumetry)
· Change in SSN

	Need for supportive care
	Availability of social and emotional supports
Initiation of ambulatory oxygen therapy at exercise
Initiation of supplemental oxygen therapy at rest or change in flow of oxygen

	Exercise capacity
	Absolute change in six-minute walking test distance
Change in oxygen saturation nadir during six-minute walking test
Change in maximal exercise capacity

	Serum biomarkers
	None validated
Not yet applicable in clinical practice


Source: Modified from Cottin (60)
Abbreviations: DLCO, diffusion capacity of the lung for carbon monoxide; FVC, forced vital capacity; HRCT, high-resolution computerised tomography; ICOERD, International Classification of HRCT for Occupational and Environmental Respiratory Diseases; MRC, Medical Research Council; SSN, sub-solid nodules
Until the intelligence from the pooled data from the National Occupational Respiratory Disease Registry is known, a surveillance schedule was developed represents a considered balance of:
the years and pattern of exposure,
the anticipated prevalence of the respiratory diseases associated with RCS,
the possible patterns and rate of progression, and
the sensitivity and accessibility of the surveillance activity.
patterns of future exposure to RCS.

When assessing potential RCS risk settings, the risk of further exposure is based on a 30 minute cumulative static air sampling of the tasks that could generate RCS. This will assess the operational risk of excursions independent of the TWA findings associated with personal air monitoring. If these exceed three times the TWA exposure standard for more than 30 minutes, or if a single short-term (5 or 15 minute grab sample) value exceeds five times the TWA exposure standard, the process is not considered adequately controlled. P3 PAPR (powered air purified respirator) respiratory protection is therefore required for persons performing the task.

Table 5 presents the recommended schedule of activity based on the person’s risk of progression (low, medium or high) when someone is first diagnosed with the disease. The risk of progression is stratified on the likelihood of a further increment of significant exposure, independent of employment status and who might fund the health surveillance activity (i.e. whether the affected worker chooses to exit or remain working in an at-risk role or industry sector).
[bookmark: _Ref66714523][bookmark: _Toc68764992][image: ]Table 5: Surveillance schedule following first diagnosis based on risk of progression
Abbreviations: BTS, British Thoracic Society; CT, computerised tomography; FEV1, forced expiratory volume in one second; HRCT, high-resolution computerised tomography; ICOERD, International Classification of High-resolution Computed Tomography for Occupational and Environmental Respiratory Diseases; MRC, Medical Research Council; PMF, progressive massive fibrosis; SMP, supervising medical practitioner; SPIROLA, Spirometry Longitudinal Data Analysis
Table 6 presents the recommended surveillance schedule based on the Exposure Index (see B. Exposure stratification) of a person who has normal baseline results and has left the industry (no predictable continuing exposure to RCS).

[bookmark: _Ref66882549][bookmark: _Toc68764993]Table 6: Surveillance schedule based on the Exposure Index of a person who has normal baseline results and has left the industry (no predictable continuing exposure to RCS)
[image: ]
Note: HRCT must be capable of coronary angiography
Abbreviations: CXR, chest x-ray; FEV1, forced expiratory volume in one second; HRCT, high-resolution computed tomography; ILO, International Labour Organization; MRC, medical research council; SPIROLA, Spirometry Longitudinal Data Analysis Software



[bookmark: _Toc68764980]5. Who carries out ongoing surveillance for the person?
	Key practice points

	1. Ongoing surveillance should ideally be carried out by the same specialist who conducted the baseline assessment.
2. The GP, should with the support of any former SMP, and respiratory or occupational physician involved in their patient’s care, should oversee any ongoing surveillance for an individual who is no longer employed in a role where there are no “predictable excursions” to the WES TWA.

	[image: Aperture outline]
	Supervising medical practitioner

	3. The SMP must oversee any health monitoring activity with consent with the worker’s treating medical practitioners (GP’s and relevant specialists), for as long as the person is employed in an “at-risk role”.
[Statutory requirement]
4. With the person’s consent, the SMP should share care and communicate with any treating medical practitioner involved in the worker’s continued health and wellbeing.
5. Information collected should be uploaded to the person’s My Health Record, with consent. 

	6. All SMPs responsible for the statutory health monitoring of a worksite, should be publicly identifiable as supervising the health monitoring for that worksite. With the person’s consent, a GP can then contact the relevant SMP as and when needed.



For continuity of care, ongoing surveillance should occur under the guidance of the same specialist who conducted the baseline assessment. However, the nature of the follow-up will depend on the person’s:
1. Disease status
Individual’s personal circumstances, and
Their work status.
Significantly exposed individuals may also move through several workplaces with different employers and with similar or dissimilar risk profiles. They may cease all at-risk work or move across industrial-political jurisdictions. Consequently, for as long as the person is employed in an “at-risk role”, the SMP has a statutory responsibility to oversee the health monitoring activity in consent with the worker’s treating medical practitioners (GP’s and relevant specialists). The SMP also carries a professional responsibility to share care with any treating medical practitioner involved in the worker’s continued health and wellbeing. Direct communication is recommended, but at minimum, should include uploading progress investigation results and reports to the worker’s My Health Record, with their consent. An example of a form report is included in Appendix C (61). This will aid effective communication, avoid duplicated effort, minimise the number of investigations, and reduce the risk of confusion generated by differing opinion.
When an individual is no longer employed in an at-risk industry sector, the person’s GP resumes the leadership role for the ongoing health surveillance of their patient. Support should be provided from any former SMP, and respiratory or occupational physician involved in their patient’s care.
The SMPs responsible for the statutory health monitoring of a worksite should be publicly available and maintained by the responsible regulator. With the person’s consent, a GP can then contact the relevant SMP for additional information if needed.
To facilitate information exchange, statutory authority be enacted to enable appropriate transfer of health information between SMP’s and treating medical practitioners involved in an individual’s care. Appropriate constraints should be considered limiting information sharing with third parties, including PCBUs.
GP’s should also be kept informed either directly or by the individual’s My Health Record if their patient has been enrolled in a national or jurisdictional registry that may be tracking their patient’s clinical progress, and be informed if their patient has consented to participate in any research project.
In most jurisdictions the workplace insurer is responsible for the costs associated with the assessment of an occupational illness or disease. If the GP becomes concerned about a possible RCS related disease developing over the course of health surveillance, they should follow their usual referral procedures to either a respiratory or occupational physician and issue an associated worker’s compensation certificate indicating “known occupational silica dust exposure requires specialist assessment”. If known, the referral should identify the intimated case reference number if the person was involved in any historic health screening activity.
Issuing a worker’s compensation certificate associated with an escalation of the health surveillance activity enables case identification independent of current employment status. In most jurisdictions, if the current employment is not a significant contributing factor to the development of the disease, the costs associated with the claim goes against the common pool and does not penalise the current employer’s claims based premium. 
[bookmark: _Toc68764981]6. What are the notification requirements?
	Key practice points

	1. A summary of findings, management plan and a background description of the scheme should be provided to the person, and with their consent to their GP and SMP. The information should also be uploaded to the person’s My Health Record. 
2. Once established, notify and submit up to date data to the National Occupational Respiratory Disease Registry (with informed consent) about all cases of silica-associated disease in Australia.
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	Government

	3. Continue progressing the development of a National Occupational Respiratory Disease Registry to collect data (with informed consent) about all cases of silica-associated disease in Australia.



With the person’s consent, professional ethics requires that any medical practitioner conducting health surveillance, if not the treating GP, provide a report to the worker, their GP and the supervising health monitoring doctor for the worker’s employer. An example report is included in in Appendix C (61).
Employer reports are the statutory responsibility, and any jurisdictional regulated reports are the responsibility of the SMP and outside the scope of this Guideline.
In some states and territories, specialist medical practitioners who have diagnosed an individual with an occupational dust lung disease are obligated to notify authorities. Queensland, for example has established a Notifiable Dust Lung Disease Register (62).
In other states, such as Victoria, Monash University has been commissioned by WorkSafe Victoria to undertake research into assessment of silica-associated lung disease.
There is no current mandatory requirement to notify cases to a national registry. However, the National Dust Disease Taskforce is currently exploring the options for establishing a National Occupational Respiratory Disease Registry.
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Notify the GP of results and surveillance schedule with the person’s consent

Upload the person’s summary progress report, spirometry and imaging reports
to their My Health Record (with consent)
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EXPOSURE QUESTIONNAIRE

Step 1: Duration (years in industry/since first exposure)
Duration (years) = Year ended (or current) — Year started working in the industry or cumulative duration in industry

Step 2: Exposure intensity

Review the employment history of the person and identify the dustiest role they performed, when and for what
duration. For workers who have transitioned through multiple roles with one or more employers, collate up to
four of their dustier roles since first exposure. The years since first exposure will capture other roles as applicable.

1. What proportion of time did you spend doing dry work (without use of water)? (Circle answer)

Never Rarely Sometimes Frequently Very frequently Always
0% 1to <10% 10to <25% 250 <50% 50 to <100% 100%

2. What proportion of time have you spent near someone else doing dry work since starting this job? (circle answer)

Never Rarely Sometimes Frequently Very frequently Always
% 1to<10% 10to <25% 2510 <50% 50 to <100% 100%

The persons overall exposure intensity will depend on their highest result. E.g. if rarely to question 1 and very high
to question 2, the overall result is very high.

Exposure intensity scale

MEDIUM HIGH VERY HIGH

Step 3: Exposure dose matrix

The exposure dose matrix considers the number of years a person has been in the industry (Step 1) and their likely
exposure intensity (Step 2). From this matrix, people would be considered high or very high-risk if they:

fabricated or installed engineered stone prior to 2018
engaged in dry cutting of engineered stone for one year or more.

DURATION
(years in industry)

<2 2-4 4-6 >6
row ““m

MEDIUM MEDIU HIGH HIGH HIGH
HIGH HIGH HIGH HIGH VERY HIGH
VERY HIGH VERY HIGH VERY HIGH VERY HIGH VERY HIGH

EXPOSURE INTENSITY
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Should | return to work?

This decision aid can help you decide if you should return to work.

It is designed to be used with your doctor to help you make a shared decision about what is
best for you.

What is silicosis? Is there any treatment?

> A lung disease that happens when you
breathe in tiny bits of silica (even
smaller than those you see floating in
the air in a beam of light).

- Silica is found in types of rock, soil or the
stone benchtop you work with.

There is no cure for silicosis.
Treatment is focused on
slowing disease progression.
Reducing lung damage is
possible in the early stages.

It is hard for your doctor to know how much dust you have sitting in your lungs. It depends on
how long you have been exposed and the dust build up over time.

What are my options?

Before the damage is sufficient to cause symptoms, here are two options to talk
about with your doctor, family and friends:

lungs as healthy as possible This means considering
alternate roles and actively

letting the infection get
better by itself

1 Return to work and keep your Limit further exposure 2

For example stopping smoking

Remember that you have time to make a decision, unless you are experiencing
high and intense exposure to dust in your work or advised by your
doctor to stop.

Benefits of returning to work include (but not Risks of returning to work include
limited to): (but not limited to):
More exposure can cause
Financial Mental more lung damage. You could
$ stability @

wellbeing be diagnosed or have faster
disease progression.
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Benefits of limiting further exposure include Risks of limiting further exposure

(but not limited to): include (but not limited to):
May delay diagnosis or 54
disease progression Reietiig Silicosis may still develop

or progress even if you
have no more exposure
Q_ Reduce or manage Mental
- symptoms wellbeing
Finding an alternate role
can be hard sometimes

Where do these benefits and risks come from?

>  From expert doctors in the field. > The current evidence that is available.

When should | see the doctor and get further help?

Your doctor will schedule follow-up appointments. If you have any concerns you
can ring and make an appointment, especially if you experience:

> Change in your breathing, cough, wheeze or shortness of breath

> Cold or discoloured hands and/or feet with a warm body

> Aches and pains that you cannot explain

Questions to consider and ask your doctor before making a decision:

What is the grade of my silicosis? Could it be something else?
Will my disease get worse?
What other medical problems do | have to watch out for?
Do | know enough about the benefits and risks of:
> Returning to work
> Considering alternate roles
Do | have enough information and support to decide?
What would | need to do if | want to keep working?
A work colleague or friend has silicosis. The thing that concerns me the most is... ?
What | find most concerning about my current situation is...?
When I’'m uncertain about something | tend to... ?
Where can | find out more about... ?
Where can | have a vocational assessment?

[m) mj

[mY m) ) =y

Around the world, research is being
carried out which could help treat
silicosis. If you want to be kept up to
date, or participate in any research
opportunities, you should discuss
this with your doctor.

The information in this decision aid is provided for general information only. It is not intended as medical advice and
should not be relied upon as a substitute for consultations with a qualified health professional who can determine you
or your child’s individual medical needs.

Last reviewed: March 2021. Update due: March 2022. This decision aid was funded by the National Dust Disease
Taskforce (NDDT) and developed by NDDT National Clinical Guideline Working Party.
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¥ Hazardous substance health m

monitoring report

The employer must ensure that
(a) any health monitorings performed under the supervision of aregistered medical practifoner

(b) thatareportof the health monitoring s prepared by the registered medical practitioner andacopy given tothe |
employer

(e) acopyofthe completed reportis ivento the employee examined

(d) the completedreportia provided to WorkSafe Victoriaifthe report includes any recommendations refatingto the:
needor the employer o take measures to ensure that the employee s not exposed o the substance fora.
‘specified period o fime.

Employee family name. Givennamels. Dateofbirth  Gender

Hazardous substance requiring health monitoring (tck appropriate box):

[ isocyanates. [] 4 4methylene bis (2-chloroaniine) (MOCA)
] cystalinesica [ —
[ organophosphate pesticides. [ cadimium
. T
] vinichioride: [ asbestos
] ——

Process hazardous substance usedin

Length oftime employedn the above process

Employer’slegal name Tradingas ABN

‘Erw\wyemddrc:s Postcode ‘
‘Telbpﬁnne Email ‘
‘Erw\wyern'gmn Date. ‘

= I J

Fomonounn roRIA
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Dateofhealth monitoring Testorexaminations performed, and resuits

Icertfy that | have examined the person whose name appears above in Section 1,and thatin my opinion this employee
ickappropratobox):

[] ta)isfitto continue to work with the hazardous substance:

7] () ftoretumtoworkwiththe hazardous substance

] *(c) displaysindications of adverse health effects that may be atiributed to the hazardous substance and mustnot
be exposetothe hazardous substancefor (specfy periodof ime)

] *(disnotfitfor work with the hazardous substance on medical grounds.

#1§(c)or (d)is selected, thenthe employer mustsenda copy of thisform to WorkSafe Victoria
(seecontactdetaisbelow.

Recommended date of follow up appointment NName of Registered Medical Practitioner

[ J
Ao Postcod

[ I J
Sorate Dae

= I J
5 Collectonofpersonalandheathinformatin

Personal and health information collected by WorkSafe Victoriain connection withtis report willbe used forthe.
‘admiristration and enforcement oflegislation, functions and programs administered by WorkSafe Victoria.

WorkSafe Victoriamay disclose personal information to s contractors;toa court o tribunl; tootherregulatory or faw
enforcement agencies, or emergency services topreventathreattothe health safety or welfare of anindvidual o the
public: Thisinformation may also be disclosed o any personauthorised by the ndividual to whomit relates,or
requied, authorised or permitted by aw.

Collection of personal and healthinformation on this reportisrequired under the Occupational Health and Safety Act
2004 and associated reguiations (iegiskation).Faiure to provide the nformation required s afailre to comply witha
Gty orobigation under the legislation and s an offence to which penalty applies.

Youhave rights tohave access to any personal o health nformation WorkSafe Vitoria holds about you lfyouwish to
o soplease contact WorkSafe's Freedom ofInformation Team at foi@worksafexvic govau. You canaccess WorkSafe:
Victori's Privacy Policy at worksafexic.gov.au.
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