 
Computer-Assisted Detection of Tuberculosis using Ultra-Portable X-Ray
Central-Level Training
Facilitator’s Guide



[bookmark: _Toc106492028]Table of Contents

Table of Contents	2
Introduction	4
Training Schedule	4
Customizing this Training	4
Training Format	5
Facilitator Preparation	5
Course Introduction	6
Module 1: WHO Guidance on TB Screening for Early Case Finding: Recommended Tools and Algorithms	7
Target Audience	7
          Learning Objectives	7
Materials	7
Advance Preparation	7
Lesson Plans	7
Introduction	8
TB Context	9
TB Screening Tools	12
TB Screening Algorithms Overview	16
 Country TB Context	19
Plenary Session	21
Summary	22
 Knowledge Check	23
Module 2: New Tools for TB Screening: Introduction to Computer-Aided Detection (CAD) and Ultra-Portable X-Ray	25
Target Audience	25
Learning Objectives	25
Materials	25
Advance Preparation	25
Introduction	26
Computer-Aided Detection (CAD) Software for Screening and Triage of TB	28
CAD Products in the GDF Catalogue	35
Introducing Ultra-Portable X-Ray	39
Delft Light	40
Summary	43
Knowledge Check	43
Module 3: Program Planning and Implementation Considerations	46
Target Audience	46
Learning Objectives	46
Materials	46
Advance Preparation	46
Introduction	47
General Screening Workflow	48
Implementation Considerations – Delft Light	49
Challenges and Lessons Learned from Early Users of CAD and UP-XR	54
Summary	56
Module 4: Introduction to Threshold Selection	57
Target Audience	57
Learning Objectives	57
Materials	57
Advance Preparation	57
Introduction	58
Threshold Score Selection	59
How to Select a Threshold Score Suitable for the Local Context	63
Threshold Score in This Programme	64
Summary	65
Knowledge Check	65
Module 5: Monitoring & Evaluation for CAD-enabled digital X-ray as part of TB screening​	68
Target Audience	68
Learning Objectives	68
Materials	68
Advance Preparation	68
Introduction	69
Connecting CAD-Enabled X-Ray to Confirmatory Diagnosis	71
Closure	72

[bookmark: _Toc106492029]
Introduction
The Computer-Assisted Detection (CAD) of Tuberculosis using Ultra-Portable X-Ray Central-Level Training was developed to provide countries with a tool to introduce ultra-portable x-ray instruments equipped with artificial intelligence-enabled interpretation to key stakeholders in their country. This training is intended to be delivered at a central or national level, with additional hands-on onsite training from Delft Imaging and FujiFilm, the manufacturers of ultra-portable x-ray equipment and artificial intelligence software, for radiologists. The training is divided into five modules:
1. WHO Policy Update on TB Screening for Early Case Finding: Recommended Tools and Algorithms
2. Introduction to Computer-Aided Detection (CAD) and Ultra-Portable X-Ray
3. Program Planning and Implementation Considerations
4. Introduction to Threshold Selection
5. Integration of CAD-enabled X-ray into diagnostic algorithms and monitoring & evaluation frameworks

This training is based on and intended to serve as a complement to the Screening and Triage for  TB using Computer-Aided Detection (CAD) Technology and Ultra-portable X-Ray Systems: A Practical Guide developed by the Stop TB Partnership. Two versions of the modules are available: one for decision makers and one for end users. This version of the facilitator guide is for the end-user version of the training modules. 
[bookmark: _Toc106492030]Training Schedule
	
	Estimated Instructional Time
	Participants

	Module 1
	2 hours
	[bookmark: _heading=h.1fob9te]Clinicians and radiology personnel (optional)

	Module 2
	2 hours
	X-ray technicians, radiographers, clinicians

	Module 3
	4 hours
	X-ray technicians, radiographers;     

	Module 4
	4hours
	Clinicians and radiology personnel (optional)

	Module 5
	2 hours
	Clinicians, radiology personnel, technicians, radiographers (optional)



[bookmark: _Toc106492031]Customizing this Training
This training is designed to be customized by countries to meet their individual needs and two different versions are available, tailored to decision makers and end-users respectively. In the PowerPoint slides, text that is highlighted in yellow is intended to be replaced with information pertinent to the country. All other text should also be reviewed by national program managers and may also need to be customized.
Countries will, through the course of the training, develop a CAD / X-Ray implementation plan that identifies items such as where in the diagnostic network ultra-portable X-ray instruments will be placed, who will be trained to use ultra-portable X-ray, which forms and reporting tools need to be developed, and how patients and results will flow through the diagnostic network. 
The PowerPoint slides use a basic template that was designed to convey information visually and be easy to understand. Countries might consider uploading their logo to the existing template using the Slide Master. They can also change the template to a national one using these instructions from Microsoft. The slides use the Montserrat font – if this font is not installed on training facilitators’ computers, it can either be downloaded or installed or the font can be changed in the slide master. Similarly, colors can also be changed in the slide master and then using the “reset function” on each slide.
Please note that any customization to the training may require changes to the facilitator guide and PowerPoint slides.
[bookmark: _Toc106492032]Training Format
This training is designed to be delivered in person but can be slightly modified to be delivered virtually if preferred. The main changes that need to be considered will be to the activities and discussion questions. Instructors should consider using features such as breakout rooms, poll questions, and the chat function. Participants should be encouraged to participate as much as possible, preferably by coming off mute in a small group, or through the chat if in a large group.
[bookmark: _Toc106492033]Facilitator Preparation
Instructors can use the checklist below to help successfully plan and deliver each training module. 
	SESSION PREPARATION

	
	Customize PowerPoint slides and facilitator guide as needed

	
	Familiarize yourself with the facilitator guide and the Stop TB Practical Guide

	
	Review and test materials requiring technology (website links, video links, etc.)

	
	Confirm meeting room and technology equipment for date and time of session (if needed)

	REGULAR SESSION MATERIALS

	Gather the following materials for each session:

	
	Facilitator Guide

	
	Stop TB Practical Guide

	
	Nametags or name tents 

	
	PowerPoint presentation

	
	Timer (watch, clock, or phone app) (Use the timer to keep activities within the time limits)

	
	Pens or pencils

	
	Index cards

	DAY OF SESSION

	
	Arrive early

	
	Arrange tables and chairs in a formation that invites large and small group discussion.

	
	Test technology (computer, projector, internet) to make sure it is working. 

	
	Write down needed text on a flipchart or whiteboard to prepare for session activities, if needed

	
	Greet participants


[bookmark: _Toc106492034]Course Introduction
Before beginning the course, the instructor should provide a basic overview of the training, including what ultra-portable X-ray and artificial intelligence are, why the training is being delivered, how long the training will last and the schedule/structure of each day should explain to participants that note-taking is encouraged. The instructor should emphasize that this is a highly participatory training and facilitate an “ice breaker” for participants to get to know one another. If the training is being delivered virtually, an overview of the technology should also be provided.

The audience should be aware that these trainings are designed to complement those given by the manufacturers of the relevant products and are not intended to give detailed, hands-on training with the products, but provide a comprehensive, impartial background.


[bookmark: _Toc106492035]Module 1: WHO Guidance on TB Screening for Early Case Finding: Recommended Tools and Algorithms
[bookmark: _Toc106492036]Target Audience
The target audience for this course is:


     
               Learning Objectives
Terminal Objective
· At the end of this session, participants should understand the WHO-recommended screening methods       for TB case detection.

Module Objectives
· By the end of this module, participants should be able to 
· Understand the requirements and role of systematic screening in the global TB response. 
· Describe the advantages and disadvantages of each of the WHO-recommended screening tools. 
· Recognize the different TB screening algorithms appropriate for the general population, persons living with HIV, and children.  
· Describe the current TB situation in the country, including screening and diagnostic practices. 
[bookmark: _Toc106492038]Materials 
· Facilitator Guide
· Pens/Pencils
[bookmark: _Toc106492039]Advance Preparation
· Instructors will need to customize slides in      module for the country’s TB context and challenges (slides 28     , 29     , 30, 31     , and 32     ). 

[bookmark: _Toc106492040]Lesson Plans
NOTE TO PRESENTER: 
Wherever you see highlighted text, please adjust your language to refer to your specific country and data/context.
[bookmark: _Toc106492041]Introduction

	Introduction
	Slide: 2
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	SAY: Our first topic is discussion of TB screening in general and the challenges with detecting TB globally and in our country. We will discuss the current WHO recommendations for TB screening and look at some algorithms for systematic screening across various populations. 
The ultimate goal of this training is to determine how ultra-portable x-ray technology may be integrated into our country’s screenings for tuberculosis.



	Introduction
	Slide: 3
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	SAY: In this module, we will look at WHO’s recommendations for screening, introduce recommended tools, including the use of x-ray, and explore screening algorithms and tools for the general population, as well as higher risk populations, such as those with HIV and children. Finally, we will take a look at this information in the context of your country and explore how ultraportable x-ray might fit into your existing efforts.




 
	Introduction
	Slide: 4 

	[image: ]

	SAY: By the end of this module, you will be able to:
· Understand the requirements and role of systematic screening in the global TB response. 
· Describe the advantages and disadvantages of each of the WHO-recommended screening tools. 
· Recognize the different TB screening algorithms appropriate for the general population, persons living with HIV, and children.  
· Describe the current TB situation in your country, including screening and diagnostic practices.

	ASK: What questions do you have before we move into the first lesson for this training?

	DO: Allow participants time to ask questions and respond appropriately. 
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	Global TB Situation: Global Context
	Slide: 6 
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	SAY: Let’s take a look at the current tuberculosis situation around the world. 

	ASK: How many people do you think are infected with TB every year, globally?

	DO: Collect responses from participants. Click on the slide for animation to bring up the content.

	SAY: 10 million people fell ill with TB in 2020.

	ASK: How many of you were close in your estimation? (show of hands)

	SAY: 10 million infected, and yet only 5.8 million diagnoses…

	ASK: How many of you were closer to the 5.8 million figure in your estimations? (show of hands)

	DO: Ensure that participants record the numbers of ill versus diagnosed in their notes.

	SAY: TB is the world’s second-leading cause of death from an infectious disease; second only to Covid-19. One and a half million people die from TB each year. Statistics show that TB is the leading cause of death of people with HIV. It also contributes to antimicrobial resistance. IT is also a leading cause of maternal and childhood mortality.

	SAY: We will discuss your country’s TB context in a while, so write in your notes what you think these statistics may look like in our country. We will come back to these estimates later. 

	Global TB Situation: WHO Guidelines on Systematic Screening
	Slide: 8 

	[image: ]

	SAY: The World Health Organization (WHO) begins its recommendations by defining systematic screening for TB. You will see that a keyword in this definition is “rapidly.”
Within these recommendations, the WHO states, “screening tools should efficiently distinguish between persons likely to have active TB from those who are unlikely to have active TB.” In other words, these tools should offer both high sensitivity and high specificity.
Persons screening positive for TB need to be evaluated bacteriologically and clinically for diagnostic confirmation for high accuracy. This should follow soon after the screening process.



	Global TB Situation: WHO Guidelines on Systematic Screening
	Slide: 9 
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	SAY: TB screening helps to close the gap of the “missing millions.”  It can be tailored to vulnerable and under-served groups and enable preventive treatment. As we discussed earlier, only 5.8      million of 10 million cases were diagnosed worldwide, meaning roughly 42     % were not reported. The COVID-19 pandemic has exacerbated the problem; a modeling study conducted by Stop TB has predicted that TB-related deaths will increase 4-16% over the next 5 years. This further stalls progress towards achieving the United Nations high level meeting targets set in 2018.

	SAY: Screening is a valuable tool for reaching      the most vulnerable groups,      with the highest levels risk often have the least access to care. Additionally, for those who are high risk but screen negative for TB, we should be engaging with them to initiate preventative care to halt the chain of transmission.



	Global TB Situation: WHO Guidelines on Systematic Screening
	Slide: 10 
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	SAY: In March 2021, the WHO released guidelines and operational support for systematic screening for TB disease in.  In these documents, recommendations were made for which populations should be subject to screening: those in close contact with TB patients, those living with HIV, those with occupational risks (like miners exposed to silica dust), and those who have been internally displaced (such as prisoners). The questions on our minds should be: What tools, models, and algorithms can be used? How often should we engage in screening? How can we link preventative and disease treatment with those who have undergone the screening process?



	Global TB Situation: WHO Guidelines on Systematic Screening
	Slide: 11 
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	SAY: Systematic screening is also conditionally recommended, in consideration of these factors. [If these cannot easily be read by participants, read them aloud, and/or summarize them]. When deciding whether systematic screening is appropriate for these portions of the population, we need to weigh the benefits and risks of screening, consider opportunity costs, and prioritize those with the greatest risk/vulnerabilities.

	SAY: Let’s pause and reflect from these global recommendations and guidelines to your experience? 

	ASK: To what extent do you think your country is meeting the WHO-recommended goals for TB screening? 

	DO: Allow participants to share their experiences.

	ASK: To what extent has the Covid-19 pandemic impacted your TB efforts in this country?

	DO: Allow participants time to respond. Encourage them to take notes. 

	ASK: In your country, what populations and groups are targeted for screening? What tools and methods are currently used? 

	DO: Allow participants to share their experiences. Encourage them to take notes. 

	ASK: What conditionally recommended populations are prevalent in your country? Which (if any) would you recommend as priorities for screening at this point? Or if, not at this point, which would be priorities in the future?

	DO: Allow participants to share their experiences. Encourage them to take notes. 


[bookmark: _Toc106492043]TB Screening Tools

	Recommended Tools to Screen
	Slide: 13 
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	SAY: The four WHO recommended tools to screen general populations aged 15 or older and high risk groups excluding those with HIV include symptom screening, chest x-ray, computer-aided detection, and rapid molecular diagnostics.



	Symptom Screening
	Slide: 14
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	SAY: When implementing symptom screening as a tool, we are looking for common symptoms of TB, such as cough (any or for longer than 2 weeks), hemoptysis, weight loss, fever, or night sweats. This tool is generally beneficial in that it is rapid, simple to implement, non-invasive, requires minimal resources, generally acceptable in most settings and risk groups. However, it faces limitations in sensitivity and will not identify asymptomatic individuals or those with atypical symptoms.





	Chest X-ray
	Slide: 15 
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	SAY: Chest x-ray is one of the most commonly used tools for TB screening and has been part of the diagnostic algorithm for decades. It has relatively high sensitivity, can identify asymptomatic individuals or those with atypical symptoms, serves as triage to improve molecular rapid testing efficiency, can provide potential diagnosis of non-TB lung conditions, and demonstrates potential in treatment monitoring. 

Chest x-ray is not without limitations. It cannot detect extra-pulmonary TB, is not highly specific, and involves some – though minimal – exposure to radiation. Its largest limitations reside in the resources required for proper implementation. Radiologists must be sufficiently trained, and there is often a shortage of trained readers, and a disparity among those trained in their efficiency and accuracy. Access to high quality digital CXR imaging is also quite limited in certain settings.

	ASK: To what extent are digital chest X-rays available in your country?

	DO: Allow participants time to respond. Encourage them to take notes. 



	Computer-aided Detection Software
	Slide: 16 
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	SAY: CAD software is a way to help reduce the burden on radiology resources. It can be used as an interpretation tool for chest X-ray, providing rapid, automatic interpretation of screening x-ray results. Validation studies have shown that CAD performance is similar to, and in some cases better than that of human readers; thus, CAD technology enhances and facilitates human resource capacity when used with trained human reader (decision support, prioritization, workflow management) and can be used in place of a human reader when none is available. This increased availability can improve CXR screening intervention case detection. Results are provided in less than a minute, allowing for quick clinical decision-making, and standardized reporting reduces inter- and intra-reader variability. 
However, this technology is not without limitations. For example, it is not yet validated or recommended for children under 15 years of age and may be less accurate for patients with TB scarring but no active disease. Further research is also needed to ensure that CAD performs well in key populations, such as persons living with HIV. A TB CAD product may not give an indication on the presence or absence of other diseases and even if it does, the accuracy of differential diagnosis is not validated. Finally, we cannot ignore the cost. This tool requires specialized software and there is a “per screen” pricing structure when procured directly from the manufacturers, though a lower price and more appropriate pricing structure is available through Stop TB Partnership’s GDF Catalog.     



	Molecular WHO-recommended Rapid Diagnostics
	Slide: 17 
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	SAY: mWRDs are rapid and sensitive molecular tests suitable for screening. These are rapid, sensitive molecular tests, including Xpert, Xpert Ultra, and Truenat. [if country uses them for diagnosis, mention here]. mWRDs have different accuracy when used for screening than when they are used for diagnosis, with different predictive values are associated with a positive test and a negative test due to differences in the prevalence of TB in the populations being tested. When screening, they are highly specific, and some rapid molecular tests are becoming decentralized. However, these tests require significant resources – financial and infrastructure - and cannot serve individuals who are unable to produce sputum. Additionally,      these tests can result in false positives if used alone in a low prevalence setting or among those with HIV. Finally, we must remember that these tests cannot be used to exclude TB for people living with HIV and AIDS.

















	Tools for Screening People Living with HIV
	Slide: 18 
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	SAY: Because many of the tools already discussed have limitations involving people living with HIV, we need to employ different tools to serve this portion of the population. We start with the recommended 4-symp     om screen, which looks for cough, fever, night sweats, and weight loss. Then we can use the C-reactive protein test, which measures the occurrence of this indicator in the blood. Chest x-ray and molecular rapid tests can also be used. 



	C-Reactive Protein
	Slide: 19 
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	SAY: As we just discussed, the C-reactive protein test is best used as a follow-up to a 4-symptom screening. This test has a higher specificity in people with HIV compared to the 4 symptom- screen          , especially in those not on antiretroviral therapy.














	Tools for TB Screening in Children
	Slide: 20 
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	SAY: Just as the general population screening methods are different  methods for those living with HIV, we also need alternate tools when screening children. The WHO strongly recommends TB screening for two groups of children: those under 15 in contact with people who have TB, and those living with HIV -especially those under 10. 

For children in contact with TB-positive patients, we use symptom screening and chest x-ray. We look for symptoms in older children, such as cough, fever, and poor weight gain, and in young children, reduced playfulness or lethargy may also be considered symptoms. 

Children living with HIV should undergo symptom screening for TB at every encounter with a health care worker, as they are at high risk of TB and mortality. They should also be screened if they are a close contact of someone with TB. 

However, we must remember that children frequently have extrapulmonary TB disease, so we must be aware of symptoms that indicate TB at other sites, such as lymphatic, abdominal, meningeal, and osteoarticular TB.

	ASK: Thinking back on all the screening tools that we discussed in different populations, which of these are being used in your country? What do you think are the advantages and disadvantages of these tools? 

	DO: Allow participants to share their experiences. Encourage them to take notes. 
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	Overview of TB Screening Algorithms
	Slide: 21 
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	SAY: We have talked a great deal about the tools recommended by the WHO, now let’s pivot a bit and discuss how screening is performed by applying those tools into a screening algorithm.



	Overview of TB Screening Algorithms
	Slide: 22 
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	SAY: Screening algorithms combine one or more screening tests and diagnostic evaluation for active TB disease. Different configurations of screening tests have different implications for the algorithm’s accuracy and cost.
 There are 4 general types of screening algorithms: Single, Parallel, Sequential Positive, and Sequential Negative. 
· A Single screening algorithm uses just one screening test, using any of the tools we previously discussed. In this algorithm, a positive screen result requires diagnostic evaluation. 
· Parallel and Sequential algorithms each employ 2 screening tests, but the sequencing varies. In parallel screening, these tests are run at the same time. A positive result on either or both requires diagnostic evaluation. 
· Sequential algorithms employ two tests, one after the other. 
· In sequential positive serial screening, a positive result on the first screen results in referral to the next test. Diagnostic evaluation follows for anyone screening positive on both tests. 
· In sequential negative serial screening, a negative result on the first test results in referral to the second screening test. A diagnostic evaluation follows for anyone screening positive during either the first or second test. 
Sequential negative serial screening reduces costs of parallel and sequential positive screening by limiting the numbers of people referred for a second test.


















	General Population (aged 15+) and High-risk Groups (not HIV+)
	Slide: 23 
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	SAY: And here we present an example of each algorithm for use in the general population (15+ years old) and high-risk groups (not HIV). All use symptom as the initial screen. CXR is used as a secondary screen, and mWRD for diagnosis.      

	ASK: Do any of these algorithms represent the way you are currently screening for TB? What considerations have led to the employment of these methods?

	DO: Allow participants to share their experiences. Encourage them to take notes. 



	General Population (aged 15+) and High-risk Groups (not HIV+)
	Slide: 24 
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	SAY: When we look at the general population and high-risk groups, we may also use chest x-ray or molecular diagnostics as an initial screening tool. [walk through an example of each].





	Screening Algorithms for Adults and Adolescents Living with HIV involving X-ray
	Slide: 25
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	SAY: For adults and adolescents living with HIV, chest X-ray may be used in combination with other recommended screening tools for this group. For example [walk through an example]     



	Screening Algorithms for Children involving X-ray
	Slide: 26
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	SAY: When screening children, we may also employ chest X-ray in a single screening algorithm or in combination with other recommended screening tools for this group.      [walk through an example     ].



[bookmark: _heading=h.2jxsxqh]
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	TB Data/Prevalence
	Slide: 28     
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	SAY:

	ASK: How does this data compare with your initial estimates you logged in your notes from the beginning of this session? Do any figures surprise you?

	DO: Allow participants to share their experiences. Encourage them to take notes. 



	National Priorities
	Slide: 29     
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	SAY:

	ASK: How do these priorities align with your experiences?

	DO: Allow participants to share their experiences. Encourage them to take notes in their guide.














	Project TB Screening Population      
	Slide: 31     

	      

	SAY:

	ASK: Does this      project align with your notes from earlier? What information stands out to you? 

	DO: Allow participants to share their experiences. Encourage them to take notes.








Plenary Session
	Key Challenges
	Slide: 32     
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	ASK: Along the way, I have asked several times that we pause and jot down our challenges and lessons learned. Can anyone share with me some of the challenges you have note? Would you say this challenge aligns with one of the challenges listed here?

	DO: Allow participants to share their experiences. If possible, record the responses and their prevalence.
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	Summary
	Slide: 33     
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	SAY: 
· Systematic screening plays a key role in the global TB response, especially for identifying the “missing cases” of TB. 
· The gap is substantial, and further exacerbated by COVID 19. In 2020, we saw more than 4 million missing cases, but even before that - in 2018 and 2019, we saw roughly 3 million missing cases. To close the gap, we will need better screening tools.
· Screening interventions should be tailored.
· Remember, identifying the target population to be screened is the first step. Once we have identified this target population, we can design a screening intervention that will accommodate that population’s needs and work through the barriers.
· The four WHO-recommended screening tools for TB (symptom screening, chest x-ray, CAD, and rapid molecular diagnostics) can be used alone, in parallel, or in sequence within screening algorithms.
· These tools are meant for individuals 15 and older, and not intended for those living with HIV.
· Different screening tools and algorithms are recommended for screening people living with HIV and at-risk children.


[bookmark: _Toc106492048]Knowledge Check

	Knowledge Check
Slide: 35, 36, 37, and 38     

	DO: Explain that you will ask participants four knowledge check questions and may call on participants randomly to provide an answer. (These can also be programmed as poll questions in a virtual training – ensure that all participants respond before proceeding if using the poll feature). 
 
If an answer provided is incorrect     , ask if other participants would like to answer. Correct any incorrect answers that are given. If multiple participants get a question wrong, you may need to revisit the topic. 
 
Note that knowledge check questions are not included in participant guides to avoid participants seeing them during the lesson and only focusing on those pieces. Encourage participants to write down the answers in their guides in the notes field for future reference. 
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	Answer: A, C, E ,G are correct
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	Answer: B correct
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	Answer: All except E

	[image: ]

	Answer: All except B are correct, specificity is poor not sensitivity
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[bookmark: _Toc106492050]Target Audience
The target audience for this course is:
·       X-ray technicians, radiographers
Clinicians

     
[bookmark: _Toc106492051]Learning Objectives
Terminal Objective



Module Objectives
· By the end of this module, participants should be able to 
· Describe what CAD technology is and how it can be applied in TB screening.
· Know the key features of the CAD products available from the GDF catalog.
· Understand what is meant by “ultra-portable X-ray” and the advantages and disadvantages of using it.
· Detail the components and pricing of the ultra-portable X-ray systems available in the GDF catalog.
· Understand the different ways CAD and ultra-portable X-ray can be integrated for use in TB screening and triage. 

[bookmark: _Toc106492052]Materials 
· Facilitator Guide
· Pens/Pencils
[bookmark: _Toc106492053]Advance Preparation
·      Instructors will need to customize slides for where CAD is used in the project screening algorithm (slide 15) 
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	Introduction
	Slide: 2
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	SAY: In this module we will get to grips with how to use the new TB screening tools – CAD and ultra-portable X-ray- with a focus on products available in Stop TB Partnership’s GDF Catalog. The ultimate goal is to provide a foundation of knowledge that we will draw upon in Modules 3-5.



	Course Outline
	Slide: 3

	[image: ]

	SAY: We will start this module with a focus on CAD technology, how it works, and how to use the CAD output, before looking at the specifics of the CAD product (CAD4TB) that is provided through Stop TB’s GDF Catalog. Next, we will summarize X-ray technology in general before introducing and contextualizing the new ultra-portable X-ray technology. Again, we will narrow our scope to focus on the [either Delft Light/Fujifilm Xair] which this project will be using.





	Learning Objectives
	Slide: 4
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	SAY: By the end of this module, you will be able to: 
· Describe what CAD technology is and how it can be applied in TB screening
· Know key features of CAD products, particularly those available from the Stop TB’s GDF catalog
· Understand what we mean when we say “ultra-portable X-ray” as well as the advantages and disadvantages of using it. 
· Detail the components and pricing of the [Delft Light/ Fujifilm Xair] provided through the GDF catalog
· Understand how CAD and ultra-portable X-ray can be integrated and used together for TB screening and triage.

	ASK: Before we briefly recap the relevant content from Module 1, are there any questions?

	DO: Allow participants to ask questions and respond appropriately.

	

	Reminder: WHO Guidelines on Systematic Screening
	Slide: 5
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	SAY: First, let’s revisit Module 1. Here, we introduced five WHO-recommended screening tools for TB as per the March 2021 TB screening guideline update. You can see that CAD is recommended for the first time alongside symptom screening (any symptom or prolonged cough), chest X-ray, and molecular WHO-recommended rapid diagnostic tests.  These may be used to screen for TB alone or in combination. 

According to the policy update, CAD can be used in place of human readers for screening chest X-rays for TB in individuals 15 years and older.      How exactly this can be done will be explored in this module.


[bookmark: _Toc106492055]Computer-Aided Detection (CAD) Software for Screening and Triage of TB
	Overview of CAD as a Tool to Screen and Triage TB
	Slide: 7
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	SAY: We will start by understanding the technology behind CAD’s decision – artificial intelligence (AI). Though AI is often the stuff of science fiction, it is increasingly used in today’s world, for example for personalizing music or film recommendations, social media feeds, and increasingly in health care. 

The type of AI used in CAD is a called a deep learning neural network. 

	DO: Direct the audience (through mouse, pointing) to the figure on the slide when talking about deep learning networks.

	SAY: This diagram shows us a simplified deep learning neural network. Modelled on those in the human brain, you can see it is structured in layers: the orange layer receives the input – the chest X-ray- the green layers process the input, and provide their collective analysis to the red layer, which generates the output. 

The neural network is perfected by training AI on vast quantities of data to perform the desired task, with the neural network evolving during training. For our purpose AI is trained to identify TB in chest X-rays. 

Before using CAD, it is essential to know that the CAD result is      NOT for diagnosis of TB and individuals identified by CAD as possibly having the disease should receive a diagnostic test. 

















	CAD Output
	Slide: 8
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	SAY: CAD receives the input- digital X-ray or digitized analog X-ray films- and analyzes them for signs of TB. 

For each X-ray image provided, CAD provides: 
· An abnormality score (between 0-1 or 0-100) indicating the likelihood of TB presence in the image. 
· A heatmap or bounding box diagram showing where abnormalities are detected, if any. 
· Some CAD provide a classification “Possibility of TB” or “No TB”

These are often summarized in a customizable radiologist-style report format by the program. In addition to these outputs, the AI analysis is often provided within a package of add-on tools, such as data dashboards. 



	How to Understand the CAD Output
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	SAY: Let’s take a closer look at the abnormality score and classification outputs. 

First, the abnormality score is a number calculated by CAD for each chest X-ray it reads. A high score indicates a high likelihood of TB in the X-ray.
When interpreting the abnormality score an important thing to keep in mind is that the scores are not standardized across the X-ray datasets nor across different CAD products. This has two important implications: 
1. An image with a score of      40 is not twice as likely to contain TB as an image with a score of      20 
2. A score of      50 from CAD product A does not mean the same as a score of      50 from CAD product B. 

Turn your attention to the lower half of the slide. A threshold abnormality score can be selected, which CAD uses to classify X-ray images depending on whether their abnormality score is above or below the threshold. This helps with interpretation of the continuous abnormality score output, translating the number into the text “Possibility of TB” or “No signs of TB” which is also assigned to the X-ray.


	DO:  Direct audience to the diagram on the slide 

	SAY: In this diagram the chosen threshold score is      45. This means that all images assigned a score higher than this, for example an image with a score      56, will receive the classification “Possibility of TB” by CAD. The opposite is also true,  X-rays with a score lower than      45, for example      19 would be assigned the      classification “No signs of TB” by CAD.

How to choose this threshold score will be explored in Module 4.



	Detecting Non-TB Abnormalities by CAD
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	SAY: So far, we have only talked about CAD’s ability to detect TB. Increasingly, CAD products can also detect non-TB lung abnormalities (calcification, cardiomegaly, pleural effusion, for example), bone and heart abnormalities, and non-TB lung diseases (including Covid-19). The range of abnormalities identified depends on the brand and version of the CAD product.

However, CAD has currently only been validated for detecting TB-related abnormalities and its accuracy when detecting other abnormalities and diseases (including Covid-19) remains unknown.



	Validation of CAD for Interpreting Digital X-ray
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	SAY: Next, we will discuss to the accuracy of CAD in identifying TB in chest X-rays. Preceding the update of the WHO guidelines in 2021, the Guidelines Development Group evaluated three independent evaluations of three different CAD products (CAD4TB, qXR, and Lunit INSIGHT CXR). The results are shown in this table and demonstrate the comparable range in sensitivity and specificity of human readers and CAD software.

It is also important to evaluate CAD in context: trained human readers are not available or in low number in many settings with high TB burden while non-specialist human readers may be used that would not perform as well as the “gold standard” human readers against which CAD is frequently compared.

Based on this, WHO made the decision to recommend CAD in the most recent update of the systematic TB screening guidelines. 



	Validation of CAD for Interpreting Digital X-ray
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	SAY:      One of the latest peer-reviewed      paper published on Lancet Digital Health evaluated the latest versions of the two      CAD products provided through GDF. The evaluation was done in Bangladesh, Dhaka, among people referred by private physicians to test for TB. The prevalence of TB was around 15% - higher than that of a regularly ACF. This study      found that CAD:
· Significantly outperformed local radiologists
· Was able to halve the number of confirmatory tests required, while maintaining high sensitivity. 
· Performed worse in older age groups and those with a history of TB. 

CAD literature also provides insights on how different software perform relative to each other. For example, (shown in the box on the right-hand side) qXR and CAD4TB were the top performing CAD products in this evaluation. 
Another insight that can be gleaned from CAD literature is that product performance can vary based on population, epidemiological, and programmatic factors and so results from one evaluation may not hold true for all evaluations and for your prospective implementing population.
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	SAY: Given our new knowledge of CAD, we will now move on to discuss how CAD can be integrated with TB screening algorithms. 

As previously mentioned, CAD can be used      in place of trained human readers according to WHO’s recommendation, but CAD can also be used WITH human readers.      
· Alongside human readers, CAD can be useful for helping radiologists optimize their workload and flow, prioritizing follow-up of abnormal images, providing image quality checks, pre-reading and reporting assistance. 
· CAD is only recommended to be used in place of trained human readers for individuals aged 15 years and older. Here, it can be used as a rapid screen particularly among asymptomatic individuals without significant risk factors (e.g., in active case finding), or for triage in individuals with symptoms, or risk factors. 

Any CAD algorithm used must meet the standard of those evaluated by WHO for the guideline update.






	Where to Place CAD in the TB Screen Algorithm
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	SAY: There are advantages to both approaches. 

When used alongside with human readers, CAD outputs can inform the triage decisions of trained human readers, potentially improving upon performance, while the human reader judgement may be helpful to supplement CAD where an output is near the threshold, in children, or for identifying non-TB abnormality. 

Meanwhile, when used without experienced human readers, or with non-radiologist personnel, CAD outputs can      determine the triage outcome      . This approach is particularly helpful where there is a scarcity of trained human readers, or none at all, as well as in high throughput settings.


	ASK: With our combined knowledge of [this country’s] current TB recommendations and practices, where are some potential places CAD could supplement our workflows?

	DO: Receive answers, encourage note-taking



	Where is CAD used in the project TB screening algorithm?
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	SAY: Thanks for your suggestions of where CAD could be used. For this particular project CAD will be used following the algorithm on this slide 


	ASK: 

	DO: Describe how CAD will be used in the project.
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	SAY: Now we will stop talking about CAD generally and focus on the products available through Stop TB Partnership’s GDF Catalog. The manufacturer will provide details in their hands-on training so today we will give an overview.

The CAD software provided is CAD4TB by Delft Imaging Systems.

	ASK: Does anyone in the room have experience with CAD4TB?

	DO:  Receive answers and prompt them to provide an overview of where and how they used it.

	SAY: The latest version of CAD4TB is version 7 and this is the version procured under this project.

CAD4TB can be used to read chest X-rays from any kind of machine (not just Delft’s own) and reads postero-anterior (PA) digital images in DICOM, JPEG or PNG format. For sites using analog X-ray, an app can be used to take a picture of the film for reading by CAD4TB.  This feature exists but not provided through the GDF package.

In terms of output, CAD4TB provides an abnormality score between 0-100 and “No TB” or “Possible TB” classification, as well as a heatmap highlighting areas of abnormality. The threshold score is fully customizable.

CAD4TB can be used online, offline, or in a hybrid mode. Hybrid allows use in areas without internet connection, followed by result synchronization when internet connection is restored.

During installation, CAD4TB can be configured by the manufacturer to integrate with health information systems such as PACS.

Finally, the AI reading is provided within a software package that also includes patient registration, a space to input confirmatory test data, and a program management dashboard. 

On subsequent slides we’ll show some brief snippets of the software for the purposes of this training. The manufacturer will provide comprehensive training as part of their training package.
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	SAY: This first screen shows us the patient register on the CAD4TB software. A complete list of registered patients is provided, the patient ID is automatically generated by the software upon patient registration, while personal information (name, birthdate, sex) are all inputted into the system by community health workers at the screening site. 

The final two columns show the corresponding CAD4TB abnormality score and classification (either “No TB” or “Possible TB”) for each patient.



	CAD4TB Viewer Window Showing Heatmap and Score
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	SAY: This is an example output from CAD4TB. The abnormality score and classification are provided in the top left corner.

	ASK: Look closely at the image, can someone tell me whether this image shows TB according to CAD?

	DO: Give time to receive an answer to the question, prompt the person answering to give a reason why (e.g., the abnormality score is low, the classification assigned is “No TB”, there are no areas highlighted on the heatmap).
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	SAY: This is an annotated example of a heatmap showing TB. We can see the abnormality score is much higher in this image than the previous one, the classification by CAD4TB is “Possible TB” and the heatmap shows areas in yellow and orange which indicates abnormality has been detected.

This person should be directed to receive a diagnostic test.



	CAD4TB Symptom and GXP Report
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	SAY: As mentioned previously, CAD4TB can summarize findings in a radiologist style report. 

On the left-hand side “Patient Information” shows information inputted into the CAD4TB system during registration, including patient details and symptoms, as well as confirmatory test results, which can be manually inputted later. The ID and barcode is automatically generated by CAD4TB and can be printed and used with a barcode scanner to link the CAD output with subsequent diagnosis and follow-up.

On the right-hand side “CAD4TB Assessment” shows the 3 CAD outputs: abnormality score, classification, and heatmap.

This report sheet could be printed and kept with paper-based records or stored in electronic health information systems.





	CAD4TB Insights Module
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	SAY: Finally, new to version 7, is the CAD4TB program management dashboard which displays aggregate data from the screening program, including the gender, age, and CAD4TB abnormality score distributions.


[bookmark: _Toc106492057]Introducing Ultra-Portable X-Ray
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	SAY: Taking a break from CAD, we will now move on to discuss the other innovative screening tool provided: ultra-portable X-ray technology. X-ray technology is featured alongside CAD in the WHO recommendations and is widely used for TB screening. 

Four different types of X-ray equipment can be used in TB programming: analog, computed, retrofit, and digital. Each has its advantages and disadvantages, though consensus is that digital systems provide rapid, automatic image processing and generation, higher radiation dose efficiency, and can be more portable than computed or analog radiography.

The digital images generated from digital and computed equipment can be automatically inputted into CAD. Digital equipment, however, may not yet be available at all sites and some CAD (CAD4TB included) provide the ability to digitize analog chest X-ray films for reading by AI using a mobile phone app.

	ASK: What kind of X-ray equipment is most available in your setting?

	DO:  Encourage participation and receive answers.




	Introducing Ultra-Portable X-Ray (UP-XR)
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	SAY: Digital radiography (DR) systems can be further classified as stationary, mobile, or more-recently ultra-portable. 

As the name suggests, stationary X-rays are those that remain in a facility with stable electrical connection and are capable of delivery high quality images and a high workload. Meanwhile, mobile X-rays can be rolled around or transported in vans and are capable of a moderate workload and high image quality, with access to an intermittent electrical connection.

Ultra-portable systems are a new generation of “field friendly” X-ray technology, recognized by WHO and the IAEA as a sub-type of DR system alongside stationary and mobile X-ray. These are battery-powered, lightweight, and can be packaged into a backpack or carry case; they also emit less radiation while producing images of adequate quality. Unlike alternatives, ultra-portable systems are not designed for high workload and have limited exposure capacity without electrical connection. 

The portable digital radiography system technical requirements published in August 2021 provide more details to support the selection, allocation, and use of ultra-portable X-ray systems.


	As with any new tool, there are certain advantages and tradeoffs of using ultra-portable X-ray. 

We already touched upon the advantages, ultra-portable X-ray systems: 
· Can decentralize X-ray screening and expand access to hard-to-reach populations. 
· Have lower weight, reduced radiation exposure, while maintaining image quality similar to stationary systems.

As a consequence of their smaller size, a few compromises are made with ultra-portable X-ray systems including: 
· Limited battery life, meaning ultra-portable systems are not suitable for high throughput settings with more than 200 exposures a day. 
· More manual operation required of generator and detector stands. 

When selecting sites for ultra-portable systems, it will be important to consider both advantages and limitations of the devices.

	ASK: Before we continue on to learn more about [Delft Light/ Fujifilm Xair] does anyone have any questions about ultra-portable X-ray systems?

	DO: Leave time for respondents to ask questions and provide adequate responses.



[bookmark: _Toc106492058]Delft Light

	Core System
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	SAY: Now, we will focus on the Delft Light ultra-portable X-ray system which is available through the GDF catalog. The components provided through GDF can be seen on the slide.
· The core system consists of an X-ray generator, detector, and HP laptop. All have built-in lithium-ion batteries to allow for use in settings without electrical power connection.
· Exposures can be taken from a safe distance using the generator hand switch.
· A generator stand is also provided that is capable of 360-degree rotation and can be dismantled for transport in its own bag. 
· To position the detector, a panel hanger is provided that can be used to hang the detector from improvised surfaces (walls or doors for example) and can be adjusted vertically.
· The console comes with a software package that allows for chest X-ray image optimization and provides the connection to the AI software.

You will have the opportunity to gain hands-on practice with this equipment during the manufacturer training.

	DO: Point out each component while describing them.
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	Slide: 29

	[image: ]

	SAY: As well as the core components, several accessories are also provided free of charge when the system is procured through GDF. These include: 
· A backpack for packaging up all components except the generator stand which comes with its own bag, for transport. 
· Radiation safety equipment: lead apron, shock stickers, hazard signs. These can be used in conjunction with any equipment already available on site. 
Supplementary and external power sources to prolong operation in settings without electrical connection. These include one set of replacement detector batteries, with charger, and a combined solar panel/ power bank capable of recharging the generator, detector, or laptop in the field.

	DO: Point out each component while describing them.
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	SAY: We will now move on to discuss using the two innovations- CAD and ultra-portable X-ray- together to aid TB screening. For each X-ray exposure taken two different results will be generated: the first is the black and white X-ray from the Delft Light, the second is the output from CAD4TB. 

How the Delft Light sends the chest X-ray to the CAD4TB system depends on whether CAD4TB is used online (images analyzed on secure cloud server) or offline (images analyzed on box).
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	SAY: The schematics on the slide show how the ultra-portable X-ray and CAD systems interact with each other. 
· On the left, CAD4TB is being used online. Chest X-ray images taken by the Delft Light are uploaded to the CAD4TB cloud from the console laptop. Both the X-ray image and CAD4TB result can be viewed on the console laptop of the Delft Light.
· If using CAD4TB offline, the offline box containing the AI will be connected to the Delft Light console computer so chest X-ray images can be transferred from the computer to the AI box without internet connection. Both the X-ray image and CAD4TB result can be viewed on the console laptop for the Delft Light.
· Hybrid mode will use the offline equipment configuration.
During the manufacturer training, installation, and integration of the two systems will be completed.



	CAD and UP-XR
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	SAY: To conclude this module, together CAD and ultra-portable X-ray can increase the reach of TB screening programs by replacing or supplementing trained human reader resources and by being portable enough to reach hard-to-reach communities.

The use of the two technologies, alongside emerging portable confirmatory diagnostics, could decentralize TB screening and diagnosis. With appropriate planning and funding, these have the potential to vastly increase public access to sensitive screening and diagnostic tools.
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	SAY: In summary of this module: 
· CAD software is an interpretation tool using AI to detect TB on chest X-rays.
· CAD software has accuracy similar to, or better than, human readers. 
· WHO recommends CAD to be used for TB screening and triage in place of human readers for individuals >15 years old. 
· Ultra-portable X-ray is a WHO-recognized sub-type of digital X-ray. 
· Ultra-portable X-ray systems are “field friendly”: They operate on battery alone, emit less radiation, and produce images of comparable quality to stationary machines. 
· Ultra-portable X-ray systems procured from GDF include the core system components and accessories. 
· Ultra-portable X-ray and CAD can be integrated in two different ways depending on whether CAD is used online or offline/hybrid. 
Together, ultra-portable X-ray and CAD provide an opportunity to decentralize TB screening and care.

	ASK: Before we move onto the knowledge check, are there any questions about the content covered in this module?

	DO: Receive questions and respond appropriately.



[bookmark: _Toc106492060]Knowledge Check

	Knowledge Check
Slide: 35, 36, 37, 38, and 39

	DO: Explain that you will ask participants five knowledge check questions and may call on participants randomly to provide an answer. (These can also be programmed as poll questions in a virtual training – ensure that all participants respond before proceeding if using the poll feature). 
 
If an answer provided in incorrect, ask if other participants would like to answer. Correct any incorrect answers that are given. If multiple participants get a question wrong, you may need to revisit the topic. 
 
Note that knowledge check questions are not included in participant guides to avoid participants seeing them during the lesson and only focusing on those pieces. Encourage participants to write down the answers in their guides in the notes field for future reference. 
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	Answer:  No, because the CAD output is not linearly related to the probability of having TB. There is no relationship between the two scores.

	

	Answer: No, CAD is not validated to diagnose TB and is not recommended by WHO to do so. Anyone with a high score on CAD should receive confirmatory diagnostic testing, for example using Xpert or Truenat.

	      

	Answer: Answer: all     
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	     Answer: digital (DR), computed (CR), retrofit, analog
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	Answer: All are benefits of ultra-portable X-ray except for number 2 as throughput tends to be lower than stationary with these devices.
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Module 3: Program Planning and Implementation Considerations
[bookmark: _Toc106492062]Target Audience
The target audience for this course is:

 X-ray technicians
Radiographers
Clinicians
[bookmark: _Toc106492063]Learning Objectives
Terminal Objective
At the end of this module, participants will have a better understanding of key considerations when using ultra-portable X-ray systems with CAD software to screen and triage for TB

Module Objectives: 
By the end of this module, participants should be able to
Understand the general screening workflow involving CAD and UP-XR programs.
Be aware of key implementation considerations for CAD and UP-XR.
Be aware of some challenges and lessons learned from pilot projects.

[bookmark: _Toc106492064]Materials 
· Facilitator Guide
· Pens/Pencils
[bookmark: _Toc106492065]Advance Preparation
Instructors will need to customize slides in this module for the project screening workflow (slides 5 and 6), as well as any experiences from early implementers in the country (slide 19). 
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	SAY: Now that Module 2 has given us an overview of ultra-portable X-ray and CAD, we will now move on to consider how to best use these two technologies for TB screening and triage. 

This module offers a menu of considerations when using ultra-portable X-ray systems with CAD software to screen and triage for TB.



	Outline
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	SAY: We will start by describing a general screening workflow using the two tools, and then we will conclude with key implementation considerations, and challenges and lessons learned from early users of the tools.
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	SAY: By the end of this session, you should be able to: 
· Understand the general screening workflow. 
· Be aware of key implementation considerations for CAD and ultra-portable X-ray. 
· Be aware of some challenges and lessons learned from pilot projects.

	ASK: Before we start, are there any questions about this session?

	DO:  Allow time for people to ask questions and respond appropriately.
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	General Screening Workflow
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	SAY: Describe general screening workflow for using X-Ray and CAD in the project across this slide and next 

	ASK: 

	DO:  
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	SAY: Describe general screening workflow for using X-Ray and CAD in the project 

	ASK: 

	DO:  
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	Electricity and Power
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	SAY: During the second part of our session, we will discuss some key implementation considerations of CAD and ultra-portable X-ray to keep in mind during program planning. 

The first is electricity and power. As mentioned before, operating ultra-portable X-ray devices on battery power may limit the throughput the system is capable of in the field as batteries become flat after a large number of exposures.
 
· The Delft Light generator battery is capable of approx. 200 exposures without recharging and takes around 4 hours to recharge. Note that the generator cannot be charged and operated at the same time, so while recharging is occurring screening should be paused.
· The Delft Light detector battery is capable of approx. 100 exposures per set of 2 batteries. Recharging batteries takes approx. 2.5 hours. But, a second set of detector batteries is provided with the detector, meaning up to 200 exposures are possible in the field by exchanging the set of batteries. 
· The CAD4TB offline box is not capable of storing its own power and must be connected to an AC power source to operate at all times.



	Electricity and Power
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	SAY: Because operating on battery power limits the number of exposures the system is capable of in the field, manufacturers have provided innovative ways of recharging the system in situations without access to electrical mains. 

For the Delft Light, a water-resistant MobiSun solar panel with built-in power bank is provided that can recharge all system components, including the generator, detector, and console laptop. Solar charging cannot occur while operating the system, meaning a pause in screening will be necessary to recharge the system.

The solar panel itself takes 16 hours to fully charge in direct sunlight, or can be charged through connection to electrical power sources in approximately 2.5 hours. 

Because of the limitations of battery power, it is advised not to use ultra-portable X-ray systems at sites with high throughput (greater than 200 exposures per day). A 12 second gap is also required between exposures as per the generator cycle time.



	Portability and Setup
	Slide: 10

	[image: ]

	SAY: Another essential consideration is the portability of the system. Although, as the name suggests, “ultra-portable” X-ray systems are easier to transport than alternatives, they are not compact nor light enough to be carried by hand by one person alone. 

The entire Delft Light system (including all components listed in the table and the CAD4TB box) weighs just over 34kg and can be packaged into two bags: a backpack and carry case. Some transport solutions include a dividing the components over a small team of people (2 or more) to carry by hand or using motorbikes.



	Portability and Setup
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	SAY: Another innovation for portability made in the Delft Light system package is the replacement of the detector stand with the Versarix detector panel hanger. This must be hung onto a mount such as a wall or tree at the screening sites, meaning sites should have suitable surfaces to enable this. 

After identifying a field site, set up of the Delft Light reportedly takes around half an hour using a team of two people. Further time may be used to clean up at the end of the session. 

During their training, the manufacturers will provide time for radiographers/X-ray technicians to get hands-on with the equipment set-up.



	Radiation Safety
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	SAY: Continuing, some ideas of best practices for safe operation of X-ray equipment include:
· Choosing a screening site far from residential areas, barricading the location with exposure risk, and ensuring no-one enters the radiographic assessment zone. 
· Safe operation of the X-ray system such as wearing appropriate safety equipment and operation from a distance using the handswitch. 
· Controlling patient flow to minimize exposure to radiation, including planning the patient entry/exit route around the X-ray beam direction. 
· Adhering to the minimum safe distance when setting up the generator and detector. 
· Ensuring no more radiation than necessary is used to obtain images of adequate quality.

	ASK: Can anyone think of any additional radiation safety requirements that we could all take note of?

	DO: Allow time for participants to volunteer additional safety measures and encourage participants to note these down.
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	SAY: Using CAD requires collection, storage, and transfer of patient medical data. It is the responsibility of the project to keep patient data private and secure. 

First, we will take a look at these two terms: 
· Data privacy is the right to restrict the use, access, disclosure and dissemination of information; 
· Whereas, data security is the technological and legal mechanisms that limit use, access, disclosure, and dissemination of information.

Employing these two concepts, we can ensure patient data is protected using legal and technological methods.
When procuring from the GDF catalog
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	SAY: Briefly, two final considerations when setting up your X-ray and CAD screening site are internet requirement and patient privacy. 

When using CAD products online or even in hybrid mode, a strong and stable internet connection is required in order to successfully transfer and process the large X-ray image files. If such a connection is not available, an offline CAD product should be purchased. 

Finally, when considering patient flow through the site it is important to ensure a private space is available near the area where the exposures are taken so any clothing or accessories containing metallic components can be removed before taking a CXR.

	ASK:

	DO: 



	What to Expect from Suppliers
	Slide: 15

	[image: Text

Description automatically generated]

	SAY: As we talk about implementation of CAD products, you may be left wondering what is the role of the CAD and X-ray suppliers? 

Under the terms negotiated by GDF, the suppliers are expected to provide support with the following: 
· Onboarding training and installation. Training and installation occur in the same session. Training is both theoretical and practical, so it is important to have the tools on-hand to get the most out of the training session. 
· In addition to onboarding training, Delft also provide additional training through their eLearning platform. 
· Delft also provide a monthly virtual support call that project staff can dial into. We hope this will facilitate organizational knowledge sharing and allow for any concerns to be addressed swiftly by the manufacturer. 
· The CAD manufacturer also provides some support for the selection of an initial threshold score for operation. 
· An onboarding toolkit will also be provided that includes the IT, infrastructure, and human resource requirements for successfully running CAD. 
· A user manual for both the CAD and ultra-portable X-ray. 

If you have any questions relating to the type or level of service from the manufacturer, these can be answered by the manufacturer themselves during their training sessions.

	ASK:

	DO: 
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	SAY: Lastly, we wanted to share with you the preliminary findings from interviews with implementers of CAD and ultra-portable X-ray in pilot studies. These are related to particular topics as shown on the slide. Direct quotes are in blue: 
· Some sites experienced reluctancy from radiologists due to the perception that CAD will replace their role. This underscores the importance of engaging and sensitizing these medical professionals and associations with emphasis on the fact that in many use cases AI is a tool to supplement the work of human readers, rather than replace them. 
· Some sites struggled to identify a suitable number of trained operators for the ultra-portable X-ray and so had to train additional community health workers to operate the system. 
· Though the ultra-portable devices are easier to transport than their predecessors, especially those systems used in specialized vans/trucks, sometimes sites felt they were not as portable as marketed due to the number of components and their combined weight. A small team of people was still required to transport them. 
· Overall, the system was found to be easy to assemble and use. 
· And image quality was described as being comparable to stationary devices, even though is sometimes a concern due to the reduced size and power of the generator.

















	[bookmark: _Hlk105949833]Challenges and Lessons Learned
	Slide: 18

	[image: ]

	SAY: Continuing, 
· Threshold score selection was a pain point for new implementers, with most choosing to use the score recommended by the manufacturer and later adjust through operational research (as recommended by WHO) as their confidence grows. We’ll address threshold score selection in Module 4 of this training. 
· Another key concern was those receiving the CAD result interpreted it as diagnostic, even though CAD is only validated and recommended as a screening tool. 
· Because of the speed at which the CAD result is available, to facilitate instant linkage to further diagnosis and care many sites had to print the X-ray and CAD result for referral to diagnostic facilities, or have the resources and systems to collect sputum on the spot at the screening site, and use a unique patient identifier to link the de-identified data from CAD and X-ray to the confirmatory test result. 
· A key by-product of CAD for sites operating online using the CAD cloud was that X-rays and CAD results stored on the cloud could be accessed through web browsers by non-field-based colleagues. This facilitated remote consultation on particular images. Through GDF, 5 additional viewing licenses are provided for this purpose.
· Finally, though CAD has come a long way and can be integrated in PACS systems, it is not currently possible to integrate with existing national TB databases (for example DHIS2) or project electronic medical record systems (for example openMRS).
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	SAY: Early implementers were also asked whether they encountered any equipment fault or reading errors during their pilot projects. Some faults reported included: 
· The Bluetooth connection between the detector and computer resulting in delayed or failed image transfer. 
· Loss of connection between the X-ray console and CAD laptops
· Failing X-ray generator batteries – though these were quickly replaced thanks to the service and maintenance contract. 
· Failing battery life of the battery in the console laptop
· Slow recharging of the solar panel without direct sunlight or in winter- it should be recharged by electricity where possible and could be supplemented with an additional power bank. 
In general, experience with manufacturer support and customer service were all good, however access to this service can be limited if work is in a setting with little or no internet connection.
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	SAY:  

	ASK: Does anyone here have any experience with either CAD or Ultra-Portable X-Ray

	DO: Encourage any local implementers with experience of CAD and/or UP-XR to present their use case and experience as an example
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	SAY: That concludes the third module of our training summarizing the implementation aspects of ultra-portable X-ray and CAD. To summarize: 
· When implementing CAD and ultra-portable X-ray, some key considerations include electricity and power, portability and set-up, radiation safety, data management and privacy, internet access, and the availability of private spaces. 
· You should expect CAD suppliers to provide installation, training, and technical help to support the operation of CAD programs. 
· Preparations for implementation include identifying key stakeholders, performing a situational assessment, and analyzing field site readiness and suitability. 
CAD and ultra-portable X-ray projects require a blend of clinical, IT, scientific, and legal expertise.

	ASK: There are no knowledge check questions for this module, are there any questions on the topics covered?

	DO: Receive and answer questions appropriately.





[bookmark: _Toc106492071]Module 4: Introduction to Threshold Selection
[bookmark: _Toc106492072]Target Audience
The target audience for this course is:
Clinicians
radiologists
radiographers
X-ray technicians
[bookmark: _Toc106492073]Learning Objectives
Terminal Objective
· At the end of this session, participants should understand the basis behind threshold score selection and what threshold selection strategies may work best in their context.

Module Objectives
· By the end of this module, participants should be able to 
· Understand what a threshold score is and how to set it. 
· Know the effect of changing threshold on key screening targets.
· Describe why a threshold score needs to be chosen based on the local context. 
· Understand some of the current strategies for adapting and optimizing a threshold in the local context.
[bookmark: _Toc106492074]Materials 
· Facilitator Guide
· Pens/Pencils
[bookmark: _Toc106492075]Advance Preparation
Instructors will need to customize slide 17 in this module describing the threshold score set for the country/project  


[bookmark: _Toc106492076]Introduction
	Course Outline
	Slide: 2

	[image: ]

	SAY: Our outline for today is threshold score selection, how to select a threshold score suitable for the local context, how to analyze programmatic data for threshold selection, and planning for screening. 



	Introduction
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	SAY: This module introduces the key concepts of threshold score selection when using computer-aided detection and proposes several different strategies for how a threshold score should be selected that is suitable for the local context.





	Learning Objectives
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	SAY: By the end of this modules, you should be able to:
· Understand what a threshold score is and how to set it. 
· Know the effect of changing threshold on key screening targets.
· Describe why a threshold score needs to be chosen based on the local context. 
· Understand some of the current strategies for adapting and optimizing a threshold in the local context.
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	SAY: Let’s start with the basic question: what is a threshold score? It is a value that the CAD system uses (on a scale of Zero to One or Zero to 100     ) to identify what is an abnormal reading based on whether an image has an abnormality score greater or less than the threshold value.      Depending on this, the system      provides      a classification, either:     
any x-ray score above the threshold value. 

· “No TB”: Any x-ray scores lower than the threshold value     . 
Any images classified as “Possibility of TB” or similar should receive      further confirmatory diagnostic testing based on your algorithm, ideally with rapid molecular testing. 
Where CAD classification alone informs the triage decision, the threshold score will determine key outcomes for an intervention, such as the number of confirmatory diagnostic tests needed.      More on this later. 



	
	Basic Concepts in Threshold Selection
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	SAY: Let’s understand the basic concepts in threshold selection. When you are using CAD classification alone to determine triage     , the threshold should be chosen based on programmatic goals. When identifying programmatic goals, you want to think about the sensitivity      of the test, cost efficiency, test positive rate, and critically, your capacity to do confirmation tests. Every image classified as “Possibility of TB”       based on your threshold selection should then be immediately referred for confirmatory testing. 

	ASK: Start to think about what your programmatic goals may be, based on these or other factors. Write down a few ideas. 



	Impact of Threshold Selection
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	SAY: Let’s talk about the impact of your threshold selection. In general, a low threshold score (for example, 30)     results in high sensitivity but low specificity.      Since, more X-rays will have scores above the threshold, but a smaller proportion of these will have TB based on a diagnostic test. You will need to test more people to find a positive case and need more diagnostic tests, increasing the likelihood of over-diagnosis, so more false positive tests. 

f you set a high threshold score, that leads to low sensitivity but high specificity Therefore, you will conduct fewer confirmatory tests but that means likely underdiagnosing TB and missing cases. 

This creates a clear trade-off between key programmatic considerations, with the most appropriate threshold score likely anywhere between these extremes.      You will need think about adjusting your threshold score in an informed way. 

	ASK: Are you comfortable with more false positives or more false negatives? Why? 



	Threshold Score Trade-offs in Action
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	SAY: We can now look at these trade-offs in action using a small hypothetical population     . Persons without TB are color-coded in yellow, and persons with TB are color-coded in blue. 
· In situation A, what we have done is set our threshold score fairly high at 75. As a result, we only identified 1 person with TB who had an abnormality score of 86 according to CAD. This does result in savings on diagnostic tests. It gives us a fairly low sensitivity at 33% but very high specificity at 100%. Therefore, we need one confirmatory test, but      we miss two other TB cases with scores lower than the threshold. 
· Let’s say we lower      our threshold score to      50      in situation B. We end up with a higher sensitivity and a somewhat lower specificity, identifying two of the possible three TB cases.      We need three times as many confirmatory tests as with the threshold set at 75, but we cut the missed cases.      . 
In situation C, we really have no limit on our testing resources. We set our threshold low to make sure that we  as many people as possible. That means that we end up  seven confirmatory testse tested four people that did not have TB,.No missed cases, but higher confirmatory test numbers. 

Again, we are trying to figure out what threshold score is most suitable for out context, in line with our testing capacity and      prevalence     
.      

	ASK: Before we get into specific ways of adjusting your threshold score, which of these situations do you think would make the most sense for your context? 



	Factors that Influence CAD Performance
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	SAY: There are a number of factors that influence CAD performance, and we need to take those factors into account when setting the threshold score. We know this because the CAD performance does vary in different demographics and populations, studies show that CAD is less able to detect TB in older age groups, for example.      Although,      we      don’t have evidence to predict how much certain factors affect the      performance of CAD, we do know what are the known influence factors.                



	Factors that Influence CAD Performance
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	SAY: What affects CAD performance? There is the underlying TB prevalence (how many cases are in the population). There is the presentation of TB in individuals with prior TB history (those with prior TB will often get a false positive result, so we need to be mindful of that) and persons with co-morbidities (may often get missed in an x-ray situation). There’s also the prevalence of other lung diseases (silicosis, COVID-19, pneumonia, and lung cancer). We also need to look at the prevalence of risk factors for TB in specific populations. All these factors can impact CAD performance, so we must take them into account when we set our thresholds. 
If we are going to think about choosing our threshold, the best way to do it is to      test performance in the target population. 



	Performance Change between Versions
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	SAY:  CAD4TB, the Delft software product, version 6 and version 7.  that version 7 has significantly outperformed version 6 when compared to the reference standard. This tells us that the machine learning is improving over time. 

For threshold selection, this means that operating at the same threshold between the two versions would not necessarily produce the same results. As shown in the table, if using a threshold score of 50 with version 6 sensitivity is around 97% and 30% of confirmation tests would be saved. Using the same threshold with version 7 results in lower sensitivity (90%) but higher confirmation test saving.     
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	How to Choose a Threshold Score
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	SAY:      How are we going to pick the right threshold score for our context? 
Start      to recognize the question of how we choose a threshold score      can be challenging. It because      it’s impossible to select one threshold score that will apply to all CAD products because there is no relationship between the scores of different products, and different versions of the same product may also be vastly altered,     , and there are also different use cases. 

Optional: 
·      Every CAD product is developed differently—an X-ray assigned 30 (or 0.3) by one CAD is not equally likely to have TB as an X-ray assigned 30 from another.
· Every CAD product performs differently in different sub-populations (for example older ages, HIV+), depending on the data used to develop it. CAD is developed by using thousands of x-ray screens (confirmed positive or negative) and learns from them. If these screens come from different populations, the computer will learn based on those populations. 
· Different versions of the same product may even be developed differently and perform differently in different sub-populations. For example, earlier versions may have been developed using smear microscopy for confirmation, which is less sensitive than rapid molecular tests. 
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	SAY: What we want to offer to you are four main strategies for selecting your threshold score. Again, there is no right answer because there are variations and trade-offs. Some of these strategies may require substantial investment. 

Starting with the first one, we have set and forget. Then there is reactive adjustment. We could do an iterative threshold score calibration. Finally, we have comprehensive CAD calibration study TDR toolkit. 

As you think about how you are going to set your threshold score, you need to think about the availability of your resources. You need to make sure you have staff with the correct skills—skills we will discuss. You need to determine the time available and what data can be collected, as well as the availability of the confirmatory tests. 



	Threshold Score Selection Strategy
	Slide: 15

	[image: Graphical user interface, text, application, email

Description automatically generated]

	SAY: Keep in mind that as we increase the complexity of the threshold selection strategy, it does require additional data resources and analytical skills. At the same time, it does allow you to better optimize the threshold. There are clear benefits to using a strategy like comprehensive operational research, but that comes at programmatic costs for data collection, data review, and the time required to conduct the tests. 

	ASK: What would be your primary consideration in deciding a threshold score selection strategy? 
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	SAY: State selected threshold score and how it was arrived at  
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	SAY: I’d like to try and summarize here for us all:
· First, a threshold score is a numerical output score used by CAD to classify chest X-ray images as “No signs of TB” or “Possibility of TB” based on how the abnormality score compares to the threshold. 
· If using classification alone to triage patients, the threshold score will determine key programmatic outcomes for a CAD screening intervention.
· Lower threshold scores result in higher sensitivity and needing to test more people, so there is reduced cost savings and increased likelihood of over-diagnosis. (Low threshold scores mean more false positives.)
· A threshold score can and should be chosen to meet a programmatic goal, but research using locally collected data from the target population is required to do this accurately. 
· We have presented to you four strategies for selecting a threshold score. Some of these strategies require large amounts of data and detailed statistical analysis. Do not be frightened by these needs but understand that there are trade-offs that are made. 
· Finally, you may use the Decision Analysis Framework, which suggests some key indicators that can be calculated to monitor a CAD intervention and may be used to adjust the threshold score over time.

	ASK: Any questions or topics you need a few more minutes with?

	DO: Allow participants time to think and respond.
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Knowledge Check

	Knowledge Check
	

	DO: Explain that you will ask participants three knowledge check questions and may call on participants randomly to provide an answer. (These can also be programmed as poll questions in a virtual training – ensure that all participants respond before proceeding if using the poll feature). 
 
If an answer provided in incorrect, ask if other participants would like to answer. Correct any incorrect answers that are given. If multiple participants get a question wrong, you may need to revisit the topic. 
 
Note that knowledge check questions are not included in participant guides to avoid participants seeing them during the lesson and only focusing on those pieces. Encourage participants to write down the answers in their guides in the notes field for future reference. 
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	Answer: False, a universal threshold score is not recommended for all CAD products because there is no relationship between the abnormality scores assigned by different products.
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	Answer: All are correct
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	Answer: Adjust the score up, so fewer images are classified as “Possibility of TB” by CAD so the CXR receiving this classification are more likely to have TB. This will reduce the number of confirmation tests needed and increase the confirmation test positive rate.
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	Answer: A and C are the answers

















[bookmark: _Toc106492082]Module 5: Monitoring & Evaluation for CAD-enabled digital X-ray as part of TB screening​
[bookmark: _Toc106492083]Target Audience
The target audience for this course is:
· Clinicians 
· Radiologists
· Radiographers 
· X-Ray technicians 
[bookmark: _Toc106492084]Learning Objectives
Terminal Objective
· At the end of this session, participants should understand how CAD-enabled X-ray can fit within their national monitoring and evaluation systems.

Module Objectives
· By the end of this module, participants should be able to 
· Describe how to integrate CAD-enabled X-ray into the diagnostic algorithm.
· Describe monitoring & evaluation requirement for a CAD-enabled X-ray system.
· Select indicators to use when establishing a screening program using CAD-enabled X-ray. 
· Describe how they would do these in their own country.
[bookmark: _Toc106492085]Materials 
· Facilitator Guide
· Pens/Pencils
[bookmark: _Toc106492086]Advance Preparation
Instructors will need to customize slides 7, 8, and 9 in this module.
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	SAY: In this module, we will discuss how national programs can track and monitor the impact of their usage of computer-assisted detection      and ultra-portable digital x-ray to screen for pulmonary tuberculosis. 



	Course Outline
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	SAY: Our course outline consists of, first, connecting screening to confirmatory diagnosis; second, monitoring and evaluation across the cascade of care; next, the right indicators for a screening program that uses these tools; and finally, putting it all together with a team exercise.  
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	SAY: By the end of this modules, you should be able to:
· Describe how to integrate CAD-enabled X-ray into the diagnostic algorithm.
· Describe monitoring & evaluation requirement for a CAD-enabled X-ray system.
· Select indicators that you would use when establishing a screening program using CAD-enabled X-ray. 
· Finally, describe how you would do these in your country.



	Reminder: WHO Guidelines on Systematic Screening
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	SAY: Let’s go back and review. Remember, WHO guidelines on systematic screening: in general populations without HIV aged 15 years and older, where TB screening is recommended:
· Systematic screening for TB disease may be conducted using a symptom screen, chest X-ray with computer-aided detection software, or molecular WHO-recommended rapid diagnostic tests, alone or in combination, through parallel or sequential screening techniques 
· CAD software may be used in place of (or to augment) human readers for interpreting digital chest X-rays for screening and triage for TB disease
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	Putting it all together: National screening algorithm using CAD and X-ray
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	SAY: Describe national screening algorithm 

	DO: Invite participants to take notes 



	CAD-Enabled X-Ray Results Lead to Confirmatory Testing 
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	SAY: The most important thing is that any CAD-enabled x-ray result that is suggestive of TB symptoms needs to lead to confirmatory testing by the reference standard. Then how do we make the connection between screening and diagnosis? If someone is presenting at a healthcare clinic that has both x-ray and confirmatory testing, they can do both in a single stop. If this is not the case, do patients that get an x-ray suggestive of TB have to make the trip to a nearby lab for confirmatory testing, or can we collect the sputum specimens at the screening site to be transported to the lab for confirmatory testing? 
Once we’ve done that part (the test to wherever the laboratory is), how are we getting those results transmitted back to the patient and to the provider? Do we need a printed x-ray or CAD report? Do we only want x-ray reports for patients above the threshold, or for all patients? 
In addition, how are we linking our x-ray data with diagnostic data? Are patients registered for x-ray screening? Are patients registered for lab diagnosis? How do we go from one to the other? Do we have unique patient identifiers for both the X-ray/CAD system and all diagnostics? 
Lastly, I can’t stress this enough: who is responsible for this process? How does this work when a patient gets an x-ray presumptive of TB, and how do they get to the point where they are able to access confirmatory testing? If they do not close that loop, how do we ensure that the loop is closed? How do we ensure that someone with an x-ray suggestive of TB (whether CAD-read or radiologist-read) gets to confirmatory diagnosis? 

	ASK: Start to think about how these systems for getting the patient from screening to confirmatory testing are already set up for your program? Will it need to be changed with the introduction of CAD? Write down a few notes. 



	How is CAD data linked to confirmatory test data? 
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	SAY: Let’s talk about how we are going to connect CAD-enabled x-ray to confirmatory diagnosis. Starting with, how are we using CAD-enabled x-ray? Let’s be sure that we have integrated it into the diagnostic algorithm. We spoke earlier in module one about the algorithms and how this new technology would fit into use with symptom screening or replacement of symptom screening. Know that the integration may look different whether we are talking about active case-finding or passive case-finding. However, the outcome should be the same, and that is the x-ray results informing diagnostic decision-making. X-ray can also augment or replace symptom screening. Often times, symptom screening has been shown to be less effective in prevalence surveys, where we have seen 50 percent to 70 percent of persons with confirmed TB are actually asymptomatic. 
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	Ask Yourself
	Slide: 10
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	ASK: As we go through this exercise, I’d like you to ask yourself the following questions:
· Do I think CAD and X-ray will help to identify more TB cases?
· Where does CAD and X-ray fit in with my role in the TB programme?
· What steps do I have to take to ensure screen positive people receive diagnosis? 
· What adaptations to our current protocols are needed to use CAD and X-ray fully?
· What do I want to learn from the manufacturer training?




	Closure
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	SAY: We are about to close, but first we are going to break up into teams to review this exercise. We will then do team presentations, and we will come back at that point. Thank you. 

	DO: Split participants into small teams to work through these questions. 

	SAY: [following the exercise]: Welcome back from the exercise. I hope you found the process helpful and thought-provoking as you considered the practicalities of introducing CAD-enabled x-ray in your country. The exercise asked several questions [can return to the previous two slides to show the questions]:
· What changes would be needed to adopt CAD-enabled X-ray?
· How will you track CAD-enabled X-ray outputs and link them to confirmatory testing?
· What screening threshold would you use? How would you decide the threshold? 
· What indicators will you use to track the process and outputs of the implementation?  
· What adaptations to your current national M&E system would be needed to capture these indicators?
· What is the use case? Will CAD-enabled X-ray be used in active and / or passive case finding strategies? Does the strategy impact the implementation?
· How will you inform stakeholders about the opportunities from and availability of CAD-enabled X-ray? We need to think about communities, radiologists, and clinicians. How will results be interpreted and used?  
· How will we ensure that clinicians are aware of and accepting of the technology? We are used to working with human readers, and we are asking people to take the step of accepting a computerized result. What information do we need to share to ensure that people are comfortable and trusting of the software. 
I’m looking forward to hearing the outcomes of these exercises and hope these exercises will inform how we proceed with use of this technology. Thank you. 

	DO: Ask participants to share what they discussed in their groups as a wrap-up to the training. 
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Performance Change between Versions
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How to Choose a Threshold Score

Selecting an appropriate threshold score is often described as
challenging.

It is not possible to select one threshold score that applies
between all CAD products, different software versions of the
same CAD product, and different use cases and achieves the
same results.

* Every CAD product is developed differently—an X-ray assigned
30 (or 0.3) by one CAD is not equally likely to have TB as an X-ray
assigned 30 from another.

* Every CAD product performs differently in different sub-
populations (for example older ages, HIV+), depending on the
data used to develop it.

» Different versions of the same product may even be developed
differently and perform differently in different sub-populations.
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How to Choose a Threshold Score

There are four main strategies for selecting a threshold score:

1. Setand forget

2. Reactive adjustment
3. lterative threshold score calibration (ITsC)
4. Comprehensive CAD calibration study (“TDR” toolkit)

The most appropriate strategy to use depends on the availability of resources, such as:

* Staff with the correct skills
¢ Time available
¢ Data collected

* Availability of confirmation tests.
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Threshold Score in [country name]- for NTP
customization
The current threshold score is X.

This threshold score was arrived at [insert how:

recommended by the manufacturer? Based on previous

experience? Based on operational research?]

* The more details the better — could present research
results.

All people with chest X-ray images with scores >X will be

classified by “TB” as Al and need confirmatory testing.
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Summary

A threshold score is a humerical output score used by CAD to classify
chest X-ray images as “No signs of TB” or “Possibility of TB” based on
how the abnormality score compares to the threshold.

If using classification alone to triage patients, the threshold score
determines key programmatic outcomes for a CAD screening intervention.

* Low threshold scores result in higher sensitivity and needing to test more
people, so there is reduced cost savings and increased likelihood of over-
diagnosis.

+ A threshold score can be chosen to meet a programmatic goal, but
research using locally collected data is required to do this accurately.

» There are four strategies for selecting a threshold score. Some of these
strategies require large amounts of data and detailed statistical analysis.

» The Decision Analysis Framework suggests some key indicators that can
be calculated to monitor a CAD intervention and may be used to optimize
the threshold score.
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Knowledge Check—Question 1
True or False

Although it is recommended, a universal threshold score
has not yet been decided on for all CAD products.
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Knowledge Check—Question 2
When might you adjust your threshold score?
(Select all that apply.)

0 Moving from community screening to screening referrals in an
outpatients department

O After a software update alters the CAD algorithm

O After performing operational research using data collected
during the program

O After screening the general population, moving to screening
only older individuals

O If you have a lower-than-expected yield of confirmed TB
cases
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Knowledge Check—Question 3

You are a program manager, and you realize that most of the
cases classified as “Possibility of TB” by CAD are TB negative
using confirmatory tests, so you have decided to adjust your
threshold score.

Do you adjust your threshold score up or down?
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Question 2. If a high threshold score is set,
what are the potential impacts on screening?
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Introduction
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Reminder: WHO guidelines on Systematic Screening
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9 Putting it all together: National screening algorithm
using CAD and X-ray — For NTP to customize

Describe the local screening algorithm using X-ray and CAD.
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the country, including screening and
diagnostic practices.
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Global TB
Situation
in 2020
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WHO Guidelines on Systematic Screening

Systematic screening for TB disease is defined as:

The systematic identification of people at risk for TB disease,

In a predetermined target group, by assessment using tests,
examinations, or other procedures that can be applied rapidly.

From the WHO Consolidated Guidelines on Tuberculosis

e Screening tests should efficiently distinguish people likely to
have TB disease from those who are unlikely to have TB
disease.

e In those screened positive, diagnosis needs to be
established by evaluation using one or more diagnostic
tests and by clinical assessment, which together have
high accuracy.
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Role of TB Screening in Overall TB Care

« Addressing the case detection gap—finding the “missing millions™
o Globally in 2020, 5.8 million people were diagnosed and treated for TB, out of
estimated 10 million cases—significant 18% drop from 2019.
o The COVID-19 pandemic has made the problem much worse, with a predicted 4 to
16 percent increase in TB deaths over the next 5 years, according to a modeling
study done by Stop TB.
o Progress still lags in achieving targets from the UN High Level Meeting, 2018.
« Reaching the most vulnerable groups
o Those with highest risk for TB often have the least access to care.
« Initiating TB preventive treatment
o Systematic screening for TB disease is an essential first step in initiating TB
preventive treatment in eligible populations.
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WHO Recommendation on Population to be Screened

New WHO guidelines and an operational handbook were released
on March 22, 2021 .

Systematic screening for TB disease isstrongly recommended

among:
A 2 R E

Household Miners

and close .
exposed to Prisoners
contacts of

T8 patients silica dust

tuberculosis

Module 2: Screening

The question is using what tools, algorithms, and
implementation models, and how often should screening occ

TB preventive treatment should be provided to those identified to
have TB through subsequent diagnosis and clinical evaluation.
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WHO Recommendation on Population to be Screened

Systematic screening for TB disease is also conditionally
recommended among:

->
->

->

People with untreated fibrotic lesions on a chest X -ray

People with TB risk factors who are seeking health care, in settings
with 20.1 percent TB prevalence

People with malnourishment, diabetes, history of TB, chronic lung
disease, and others

Populations with structural risk factors for TB and limited access to
health care

Urban poor, homeless, refugees, migrants, and other vulnerable or
marginalized groups

General population in settings with 20.5 percent TB prevalence

For these populations, consideration should be given to:

v/ Weighing the benefits and risks of screening

v Considering opportunity costs for other TB and health interventions

v Prioritizing risk groups that represent the greatest burden or have the
greatest vulnerability in a particular setting

Bt

tuberculosis

tuberculosis

Module 2: Screening
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Recommended Tools to Screen
General Population (aged 15+) and High-risk Groups (not HIV+)
There are four recommended screening tools for TB in high-risk populations (and the

general population in high burden settings) that are recommended by WHO for all
individuals aged 15 years and older:

3. 4.
i . 2 Computer-aided Molecular WHO-
fBtom screening Chest X-ray detection recommended rapid
diagnostics

Siop(D)Parinership
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Symptom Screening

Screening individuals for symptoms of TB. This could be any cough,
prolonged cough, or any TB-associated symptom, including any

cough, hemoptysis, weight loss, fever, or night sweats.

Benefits:

« A suitable and
acceptable screening
tool in most settings
and risk groups

«” May be more feasible
to implement (fewer
resources needed
and less costly)

« Non-invasive

Limitations:

« Less sensitive than
chest X-ray or
molecular tests

«” Does not identify
asymptomatic or
pre-symptomatic
individuals, nor
people with atypical
symptoms.

WHO target product
profile

NA

NA

Prolonged cough
(2 2 weeks)

Any cough

40 (6 737)

21(2734)

40 (1 284 181)

21 (768 291)

Any TB symptom (cough,
haemoptysis, fever, night
sweats, weight loss)

28 (3919)

28 (460 878)

Chest radiography
(any abnormality)

22 (4 243)

22(1012752)

Chest radiography
(suggestive abnormality)

Molecular WHO-
recommended rapid
diagnostic test

19(2152)

19 (464 818)

5(8619)
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Chest X-ray

>

Chest X-ray (CXR) is an imaging tool for identifying lung abnormalities. The role of CXR
is improving TB notification in high-prevalence settings.

Benefits: Limitations:
« A sensitive tool for screening and detecting ¥ Cannot detect. (laxtra—pulmonary B
active pulmonary TB + Not very specific
. a . . « Involves exposure to radiation (although risk is
+ Can identif tomat tomat
an identify asymptomatic or presymptomatic minimal)

B iih 1B «” Use and access to CXR is hampered by:

Insufficiently trained radiologists
Shortage of trained readers (usually physician

«” Useful triage tool to improve efficiency of
molecular diagnostic testing

« Can provide differential diagnosis of other lung radiologists) to interpret the images.
conditions outside of TB = Intra- and inter-reader variability
« Potential in treatment monitoring = Limited access to high-quality digital CXR

imaging in low-resource settings
WHO recommends the use of CXR as an effective screening test for pulmonary

tuberculosis, as well as an aid in the diagnostic pathway to complement bacteriological
tests.
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Computer-aided Detection Software

Computer-aided detection (CAD) is an interpretation tool for chest X-ray that can provide rapid,
automatic interpretation of x-ray results and be used in addition to or in place of human readers.

Benefits:

« Validation studies have shown that CAD performance is
similar to, or better than, human readers.

«” Can be used in absence of trained human reader (if not
available) and thereby increase case detection from
CXR screening interventions

«” Can enhance and facilitate human resources capacity
when used with trained human reader (decision support,
prioritization, workflow management)

«” Results are provided rapidly (<1 minute), allowing for
quick clinical decision-making

« Standardized reporting reduces inter- and intra-reader
variability

« Can be used to meet different programmatic goals (e.g.,
halving the number of confirmation tests required or
increase yields)

Limitations:

« Not yet validated nor recommended for use in
children <15 years

«” May not be as accurate in people with TB scarring
but no active disease

« Further research is needed to ensure that CAD
performs as well in key populations, such as
persons living with HIV.

«” A TB CAD product may not give an indication on
the presence or absence of other diseases. Even if
it does, the accuracy of differential diagnosis is not
validated.

« High price and complex pricing structures
Siop{{) Parinership




image13.png
Molecular WHO-recommended Rapid Diagnostics

Molecular WHO-recommended rapid diagnostics (mWRDs) are rapid and sensitive
molecular tests suitable for screening. mMWRDs include Xpert MTB/RIF, Xpert MTB/RIF
Ultra, Truenat, etc.

When used for screening, mMWRDs have different accuracy than when they are used for
diagnosis, and different predictive values are associated with a positive test and a
negative test due to differences in the prevalence of TB in the populations being tested.

Benefits: Limitations:

« Highly specific when used for screening ¥ Require significant resources (machines,
(99 percent) cartridges, consumables)

« Limited in individuals who cannot produce

+« Some mWRDs are becoming more sputum

decentralized.
« Can result in false positives when used
alone in low-prevalence setting for people
living with HIV

«” A negative mWRD cannot be used to
exclude TB for people living with HIV.
stop (1) Parinership
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Recommended Tools to Screen
Adolescents and adults living with HIV

The following tools are recommended for screening W4ss

people living with HIV (for adults and adolescents 10 "l
years and older): 9

» WHO-recommended four symptom screen (W4SS)

o Cough, fever, night sweats, weight loss 9
« C-Reactive Protein (CRP) i
o A point-of-care blood test measuring the occurrence of an g
indicator (CRP) in the blood.
o Improves on the accuracy (particularly specificity) of the
WA4SS for people living with HIV not on antiretroviral

therapy (ART)

» Chest X-ray Night lﬁ:
» Molecular WHO-recommended rapid diagnostic tests sweats

‘sion () Partnership
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C-Reactive Protein

5

A general marker for inflammation, can be performed as a point-of-care test in

some settings

Has similar sensitivity and similar or improved specificity to W4SS in all
subgroups of people living with HIV, depending on cut-off

Represents an improvement in accuracy (particularly specificity) over the W4SS

for people living with HIV not on ART

All people living with HIV
Inpatients

Outpatients on ART
Outpatients not on ART

< 200 CDA cells/uL®

Pregnant women living
with HIV

%0
98
40
89
93
70

50
12
80
54
40
41

83
97
20
82
90
70

65
21
%0
67
54
54
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Recommended Tools to Screen
Children
> There are two groups of children in whom TB screening is strongly recommended:

Child contacts of people with TB

Tools strongly recommended for screening child
contacts (up to 15 years) include:

Children living with HIV

Children with HIV (<10 years) should be screened for T8 at
every encounter with a health care worker given the risk of
TB and of mortality in this group

Tools strongly recommended for screening children living
with HIV (up to 10 years) include:

» Symptom screening (cough, fever, poor weight
gain)
© Inyoung children, reduced playfuiness or
lethargy may also be considered a
symptom.
* ChestXray

= Symptom screening
= Cough, fever, poor weight gain

+  Being a close contact of someone with TB

Children frequently have extrapulmonary TB disease, health care workers must be aware of
symptoms that indicate TB at other sites, such as lymphatic, abdominal, meningeal, and

osteoarticular TB. ‘stop (D) Partnership
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TB Screening Algorithms Overview
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Overview of TB Screening Algorithms

Screening algorithms combine one or several screening tests and diagnostic evaluation for TB disease. Different
configurations of screening tests have different implications for the sensitivity, specificity, and costs of the algorithm.

There are four general types of screening algorithms to be aware of:
1. Single screening algorithm: Uses only one screening test. A positive screen result requires diagnostic evaluation.

2. Parallel screening algorithm: Uses two screening tests in parallel. A positive result on either or both requires
diagnostic evaluation.

3. Sequential positive serial screening algorithm: Uses two screening tests in sequence. A positive result on the
first screen results in referral to the next screening test.
* Diagnostic evaluation for anyone screening positive on both screening tests.

4. Sequential negative serial screening algorithm: Uses two screening tests
* A positive result on the first screening test results in referral to diagnostic evaluation.
* A negative result on the first screening test results in referral to the second screening test and diagnostic evaluation if positive on
the second screening test.
* ltis similar to, but reduces the cost of, parallel and sequential positive screening by limiting the numbers of people referred for a
second screening test.
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General Population (aged 15+) and High-risk Groups (not HIV+)

Initial screen: Cough and all symptoms

CXR is used as secondary screen and mWRD/clinical evaluation as diagnosis

Single screening Parallel screening Sequential positive serial Sequential negative serial
algorithm algorithm with CXR screening algorithm screening algorithm

Negae screen

Evatuate for T

Source: WHO Operational Handbook on
per sloghlty

Tuberculosis: Systematic Screening for
Tuberculosis Disease

el for dognostc evaluaton

ncuding mWRD & crical evauation
asinacotes
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General Population (aged 15+) and High-risk Groups (not HIV+)

Initial screen: CXR Initial screen: mMWRD

Single screening algorithm Single screening algorithm

Source: WHO Operational Handbook on Tuberculosis:
Systematic Screening for Tuberculosis Disease SInn@Punnersnin
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Screening Algorithms for Adults and Adolescents Living with HIV involving
X-ray
Sequential positive screening Sequential negative screening
Parallel screening with W4SS and CXR with W4SS and CXR with W4SS and CXR

Siop{{) Parinership

Source: WHO Operational Handbook on Tuberculosis:
Systematic Screening for Tuberculosis Disease
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Screening Algorithms for Children involving X-ray

Parallel screening with Sequential positive screening Sequential negative screening
symptom and CXR with symptoms and CXR with symptoms and CXR

Single screening with CXR

Child Contacts <15y

Source: WHO Operational Handbook on
Tuberculosis: Systematic Screening for
Tuberculosis Disease
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TB data/prevalence

* Number of cases (TB and
MDR-TB) TB incidence

* Number of TB deaths

e Treatment coverage and
undiagnosed TB cases

« HIV burden and TB
co-infection

* Pediatric TB
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Country TB Context
National priorities

National priorities per the TB
strategic plan
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National TB Screening Tools and Algorithm- TO
BE COMPLETED BY NTP

Please add in slides detailing your

national TB screening and diagnostic

tools and screening and diagnostic

algorithms

+ Recommend: highlight the role of CAD
and X-ray in the algorithm.

Stop (D) Partnership
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Project TB Screening Population— TO BE
COMPLETED BY NTP

A placeholder for slides detailing the

populations and sites selected for TB

screening under this project

+ Recommend: highlight the placement of
CAD and ultra-portable X-ray.
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Insert challenge B Insert challenge

Plenary Session

Key challenges in screening
and diagnosing TB disease in
the country

Insert challenge j Insert challenge
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Summary

P.

Systematic screening plays a key role in the global TB response,
especially for identifying the “missing cases” of TB.

® A screening intervention should be tailored to the barriers and

needs of the target population.

There are four WHO-recommended screening tools for TB in
general population (aged 15+) and high-risk groups (not HIV+).
These can be used alone, in parallel, or in sequence in screening
algorithms.

Different screening tools and algorithms are recommended for
screening people living with HIV and children for TB.
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Knowledge Check—Question 1

Which populations does WHO strongly recommend
to screen for TB? (Select all that apply.)

A.
B.

G mmo o

People living with HIV

People with malnourishment, diabetes, history of TB, chronic lung disease, and
other conditions

Miners exposed to silica dust

The general population in high-burden countries
Contacts of people diagnosed with TB

Migrants

Prisoners

Siop{{) Parinership
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Knowledge Check—Question 2

What tools does WHO recommend be used to screen
children (<15 years of age) who are contacts of
someone diagnosed with TB? (Choose one.)

A.

B
C.
D

Symptom screening only

. Symptom screening and chest X-ray

Chest X-ray only

. Symptom screening, chest X-ray, molecular WHO-recommended

diagnostic tests

Stop () Parinership
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Knowledge Check—Question 3

What is a benefit of using CAD to screen for TB?
(Select all that apply.)

A. Provides results in <1 minute

B. Can be used in the absence of trained human readers

. Can be used to achieve cost savings

C
D. Reduced inter- and intra-reader variability
E

. Can be used in children <15 years of age

Stop () Parinership
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Knowledge Check—Question 4

What are some of the disadvantages of using X-ray
to screen for TB? (Select all that apply.)

A. Trained human readers not available in many settings

B. Poor sensitivity

C. High inter- and intra-reader variability

D

. Requires exposure to radiation

Siop{{) Parinership
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Introduction

This module explores new tools for TB screening:
delving into detail on the use of computer-aided

detection (CAD) and introducing ultra-portable X-
ray (UP-XR) systems. The module also describes
how the two systems may be integrated and their
individual and combined utility for TB screening

and triage.
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Course Outline

—

Overview of CAD as a screening tool for TB

Understanding, interpreting, and using CAD output

Using CAD in TB screening programs

CAD products in the GDF catalog

Overview of different X-ray technologies and introduction to ultra-portable

Ultra-portable X-ray systems in the GDF catalog

Summary
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J
Learning Objectives

By the end of this module,
participants should be able to:
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Reminder: WHO Guidelines on Systematic Screening

> In general populations without HIV aged 15
years and older in which TB screening is
recommended:

» Systematic screening for TB disease
may be conducted using a symptom
screen, chest X-ray with computer-
aided detection (CAD) software, or
molecular WHO-recommended rapid
diagnostic tests, alone orin

combination.
+ CAD software may be used in place of @
human readers for interpreting digital

chest X-rays for screening and triage for
TB disease.

Stop{D)Partnershin
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Overview of CAD as a Tool to Screen and Triage TB

>

Computer-aided detection (CAD) improves the detection of TB by circumventing inefficiencies in the
interpretation of chest X-ray (CXR) images, automating and standardizing X-ray interpretation, and

supplementing existing human health workers.

CAD uses a type of artificial intelligence known as deep learning neural networks to read chest x-rays
and identify signs of TB. Deep learning neural networks take inspiration from the human brain to allow

machines to learn to perform specific tasks.

CAD is not recommended nor validated
for use as a diagnostic tool.

e R R

Stop{D)Parinershin
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CAD Output

CAD receives digital X-ray or digitized analogue X-ray films and uses artificial intelligence to analyze
them for signs of TB. This process can be done with or without an Internet connection.

In general, for each X-ray received, CAD provides:

An abnormality score (between 01, or 0-100). High
abnormality score = higher likelihood of TB.

A heatmap showing where abnormalities are detected
by CAD.

Some CAD products provide a binary classification
(“TB-related abnormalities present” or “TB-related
abnormalities absent”).

These can be summarized in a customizable report
format.

CAD products increasingly also offer a number of add-on
features such as data dashboards.

- -
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How to Understand the CAD Output

> Abnormality score

Abnormality scores are a continuous output (between 0—1 or 0—100) and represent the likelihood of TB being
present in a particular X-ray.

However, abnormality scores are not probability and are not standardized across CAD software, so:

An image with a score of 0.4 is not twice as likely to contain TB as an image with a score of 0.2
A score of 0.5 from CAD product A does not mean the same as a score of 0.5 from CAD product B.

Binary classification

Selecting a threshold score translates this continuous output into a binary classification: “Possibility of TB” // “No
signs of TB.” All X-ray images higher than the threshold are assigned the “Possibility of TB” classification.

Binary classification
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Detecting Non-TB Abnormalities by CAD

>

- Some TB-CAD software products can classify common CXR

Increasingly, more and more CAD products can function far
more like a human radiologist than the simple TB-detecting
tools from which they have evolved.

abnormalities, such as calcification, cardiomegaly, mass,
nodule, and pleural effusion, as well as bone and heart
abnormalities.

- However, there is a lack of independent evaluation data on the

performance of CAD for differential diagnhosis and how
accurately it localizes abnormalities.
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Validation of CAD for Interpreting Digital X-ray

> In 2020, the WHO Guidelines Development Group independently evaluated three independent
evaluations of three different CAD software for detecting bacteriologically confirmed TB in a range

of populations and settings.
The results show the variability of both human readers and CAD software programs across
different settings and populations.

Conclusion: There is substantial overlap in the sensitivity
and specificity of human readers and CAD software,
_-- suggesting that there is little difference between the two.

Screening use case

o omom ozam  Further

CXR with human reader 0.82-0.93  0.14-0.63 In many settings, health providers without training in
radiology are tasked with interpreting chest X-rays.

_-- e These readers may not be as highly skilled as the “gold-
standard” readers used for comparison in the evaluations.

CAD software 0.90-0.91  0.25-0.79 ) i
e So, CAD may perform even more favorably in comparison.

Source: WHO Consolidated Guidelines on Tuberculosis
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Validation of CAD for Interpreting Digital X-ray

Tuberculosis detection from chest x-rays for triaging in a ®
high tuberculosis-burden setting: an evaluation of
five artificial intelligence algorithms

Comparing different CAD products

The performance of different CAD products can be
compared by constructing a Receiver Operating
Characteristic (ROC) curve and calculating the
area under the curve (AUC).

Zhi Zhen Qin, Shahriar Ahmed, Mohammad Shahnewaz Sarker Kishor Paul, Ahammad Shafiq Sikder Adel,Tasneem Naheyan, Rachael Barett, m
Sayera Banu*,Jacob Creswell*

In the latest head-to-head comparison of the

overall performance of the newest version of five CAD performance ranking from high to low:

commercial CAD software products, all CAD CAD product | AUC
products: o o aXR 90.81%
o Significantly outperformed local radiologists CAD4TB 90.34%
Lunit INSIGHT | 88.61%
o Were able to halve the number of Xpert tests Mgt CXR
required, while maintaining high sensitivity ) o CAnaTB
- : ~— InferRead DR InferRead DR | 84.90%
(>90%) : s JFOR1 Chest

~—— Lunit INSIGHT OXR

R JF CXR-1 84.89%

e Performed worse in older age groups and

ot+F—T—T T T T T T T T
0 0102 03 04 05 06 07 0-8 0.9 10

those with a history of TB 1-specificity
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Where to Place CAD in the TB Screen Algorithm

CAD can be used with trained human readers as a decision support tool or in place of
trained human readers.

Alongside human readers In place of human readers

WHO recommends CAD to replace human readers in two

CAD can also work with human readers: broad situations in individuals aged 15 and older:

Screening: CAD can be a valuable tool for screening
asymptomatic individuals without significant risk factors
(e.g., active case finding).

- Helping radiologists to optimize their
workflow

- Alerting human readers to abnormal

images requiring prioritization

Providing reporting assistance

Providing quality control

Performing pre-reading assistance

Triage: CAD can be useful in identifying TB in individuals
with TB symptoms, risk markers, or other positive test
results (e.g., in health care facilities).

YVl

The CAD software used must be to the same standard as those
evaluated by the WHO Guidelines Development Group.

In either situation, there is insufficient evidence to support the use
of CAD with CXR alone for TB diagnosis.
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Where to Place CAD in the TB Screen Algorithm

> There are a number of advantages to either technique.

Alongside human readers

The entire output of CAD, or parts of the output, may
be used to inform triage decisions by trained human
readers alongside clinical information.

Advantages:

» CAD can be used to supplement decision-
making, potentially improving on human reader
performance.

» While human readers’ judgement can be used:

* Where a CAD reading is not conclusive/near
the threshold score

* In populations where CAD is not approved
(e.g., in children <15 years)

» Alongside CAD for reading X-rays that show a
non-TB abnormality

In place of human readers

The CAD output may be used by trained non-radiologist
personnel to decide the triage outcome. A threshold
score is set, and everyone assigned a CAD score higher
than this receives confirmatory diagnostic testing.

Advantages:

» Increased access to chest X-ray where there is a
scarcity of trained human readers or no human
readers

+ May be used to rapidly triage people by non-
radiological personnel in high throughput settings

» CAD does not become exhausted when reading large
quantities of images

» No intra- and inter-reader variability
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Where is CAD used in the project TB screening
algorithm? — for NTP to customize

- Suggested information:
- Will CAD be used alongside or instead of human reader?
- Who will receive and review the output?
- What approach will be taken to screening children <15 years?

. T—
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CADATB

DELFT

S MAGING

Input Output Deployment
e Postero-anterior (PA) digital For each X-ray read, CAD4TB provides: Online, offline, hybrid (offline use
chest X-rays e Abnormality score for TB with online synchronization)
e Binary classification “TB” or “Not ——
e Can be used to read images B’ . . -
from any kind of chest X-ray e Customizable default PACS: CAD4TB is a mini

PACS system that can store

machine threshold score: 60 .
up to 30,000 x-ray images.

e Heat map
o Chest X-ray image format:

DICOM, PNG, JPEG For the screening program, CADATB If the user has their own PACS
provides a full report with screening system, CAD4TB output
e Using an app (SNAP4CAD), results. Advanced management (score, report and heat map)
analog X-ray images can be dashboard to monitor screening progress can be send to the PACS
used as well also available. system.
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« C @ 08
thir Na # | Browser
e x Qs
+ Patient ID + Name + Birthdate + Study Date s Study Time + Institution ~CAD4TB 7 + CADATB Report

010100000002  D. Anonymous 2010-12-13 155852 No TB
010100000006 ~ O. Anonymous 2011-01-25 150733 No TB

b.cad4tb.care/proje ve/serie 0% W

010200000012  W. Anonymous 2012-03-30 173248 No TB
010100000005 L. Anonymous 2016-07-10 081923 No TB
010200000005  H. Anonymous 2010-04-14 080226 No TB
010200000010  U. Anonymous 2006-09-01 151210 No TB
2010-10-17 095222 No TB
2014-08-04 151129 No TB
2014-11-04 130938 No TB
2004-07-04 094515 No TB
2012-03-07 142412 No TB
2012-12-23 102350 No TB
2009-05-20 113118 No TB
2008-09-26 143901 No TB
2016-05-22 174020 Possible TB
2004-07-26 121754 Possible TB
2016-07-21 135043 Possible TB

010200000002  C. Anonymous
010200000013  X. Anonymous
010100000007  P. Anonymous
010100000004 K. Anonymous
010300000001  F. Anonymous
010100000003  J. Anonymous
010200000009  T. Anonymous
010200000011 V. Anonymous
010200000006 1. Anonymous
010100000008  R. Anonymous
010200000001  B. Anonymous
020100000001 Q. Anonymous
010200000007 M. Anonymous
010200000008  N. Anonymous
010100000009  S. Anonymous
010100000001  A. Anonymous

2011-09-26 140704 Possible TB
2016-07-15 171259 Possible TB
2009-05-05 140958 Possible TB
2015-06-11 125748 Possible TB
2006-11-16 164408 Possible TB
010200000004  G. Anonymous 2009-03-06 151306 Possible TB

2012-08-20 094931 Possible TB

F
F
M
M
F
M
F
M
M
F
M
M
F
F
M
M
M
M
M
M
M

N E. Anonymous View Series  +
Online
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CADATB viewer window showing heatmap and score, no TB

& Administrator ~
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010200000008
N. Anonymous
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CADATB Report: Possible TB

Abnormality score
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CAD4TB symptom and GXP report

Patient Information CADATB Assessment

PatientID 010100000001 CADATB 7 90

Name A. Anonymous CADA4TB Report Possible TB
Gender Male
Date of birth 1971-10-12

010100000001

Patient Symptom Information

Cough: Yes (3 days)
Fever: Yes (7 days)

Shortness of breath No
Household TB: No

Patient lab results

GeneXpert: MTB Detected
RIF resistance: Not detected

Partnership
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CADA4TB insights module showing gender, age and score distribution

thir na « & Administrator - @

Gender distribution Age distribution CADATB scores
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Types of X-ray Technology

Latest development in X-ray

technology

o Image receptor: Solid state
detector

o Image processing is automatic
using provided software

e Output is digital (DICOM, JPEG)

e Integration with PACS possible
due to digital image format

e Reading by CAD is automatic

e High image quality and better
radiation dose efficiency

o Portable DR systems available

Rapid image generation time

Existing analog generator and digital detector or CR reader

Combination of analog X-ray equipment and a
new digital detector or a reusable phosphor
plate with digitizer/CR reader

Image receptor: New digital detector (retrofit)
or digitizer/CR reader (CR)

Image processing can be automatic using
software (retrofit) or need digitization using
CR reader (CR)

Output is digital (DICOM,JPEG)

Integration with PACS possible due to digital
image format

Reading by CAD possible after digitization
Lower radiation dose efficiency than DR
systems

Analog radiography

Traditional method of X-ray imaging
Image receptor: Analog film

Analog generator and manual image processing

Image processing: Wet processing

required to generate final image

Because of requirement of wet processing

and need of trained human reader
interpret film, difficult to use in the
Output is the X-ray film

Integration with PACS not possible
Reading by CAD only possible aftel
digitization

Lower throughput possible due to
complex image processing

Poor radiation dose efficiency

to
field

r
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CE-marked for Medical Device Systems and Procedure
Packs

The generator, detector, and console all have built-in
Li-ion batteries, allowing use in the field without electricity
for limited periods of time.

The generator is provided with a handswitch to allow
the remote operation of the system from a distance of 3
meters.

The aluminum generator stand is capable of 360-
degree rotation and can be dismantled for transport in its
own bag (also supplied).

The detector panel hanger (VersariX) can be used to
hang the detector from improvised mounts (walls or
doors) and can be adjusted vertically (40 cm—200 cm
range).

The console has image processing and manipulation
software installed and also provides the link to CAD4TB.

The core system consists of an X-ray generator TR 90/20
(manufactured by Mikasa), X-ray detector CXDI 702-C
with accompanying application software (Canon NE) and
HP laptop, and accompanying software package.
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Detector Generator
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e Backpack, which is able to transport all Delft Light
components except the generator stand (which
comes with its own bag)

Radiation protection equipment
e Including 1 protective lead apron, 10 shock
detection stickers, and 5 water-resistant, durable
and portable radiation warning signs, mentioning
radiation hazard and pregnancy

Supplementary and external power sources
o Replacement detector batteries (x2) and
chargers are provided with the system. The
charger recharges two batteries simultaneously.

e Solar panel and power bank to recharge all
electrical components in screening situations
without access to electricity

Alongside the core system,

accessory equipment is

provided to ensure the smooth

Delft Light A
backpack X-ray '

and safe operation of the system S——=

in the field, including;

Backpack

Radiation protection equipment

Radiation hazard
signs

=T
SHOCKWAICH'2
i
INSPECT IF RED
&

Lead Shock
apron stickers

Supplementary and external power sources

(‘
MobiSun solar

panel with built-in
power bank

’
i 8

Exchangeable generator
and detector batteries
with battery charger




image56.png
Connection with CAD4TB

How Delft Light connects to CAD4TB depends on whether the system is used online or offline.

Online

CADA4TB cloud

+ Images are stored online.

+ Data are analyzed through a secured data
server.

1/

i']l,

CA% CADA4TB box
+ Images are stored locally.

| ]
Offl I n e + Images are synchronized with

CADATB cloud when Internet is
available.

Stop ) Partnership
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Connection with CAD4TB

Online

¢ The Delft Light console receives CXR images from
the detector and is used to upload them to the CAD
cloud containing the artificial intelligence.

¢ Results from CAD4TB are shown on the CAD4TB
web platform, accessed from Internet browsers.

Hybrid
Hybrid setup uses the offline equipment configuration but with pre-configured synchronization of data to a server when the Internet
connection is restored after periods of operating offline.
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Both CAD and UP-XR offer an opportunity to increase the reach of TB screening programs:

* CAD by replacing or supplementing constrained trained human reader resources

* UP-XR by being portable enough to transport to hard-to-reach communities, such as those not in easy
reach of road networks

Furthermore, at lower levels of a health system, the use of the two technologies alongside other emerging
portable confirmatory diagnostic tools (such as the battery-powered Truenat TB assay) will decentralize
screening and detection of TB, and, with appropriate planning and funding, will vastly increase public access to
sensitive scree‘ﬂng aqd diagnostic tools.
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Summary

> e CAD software is an interpretation tool that uses artificial intelligence to detect TB

on chest X-rays.

e CAD software has accuracy comparable to, or even better than, human readers.

® \WHO recommends CAD to be used with human readers or in place of human
readers when screening the general population (>15 years old).

® UP-XR is recognized by WHO as a subtype of the portable digital X-ray.

e UP-XR systems are field friendly. They can be operated on battery alone, emit
less radiation, and produce images comparable to stationary machines.

e \When procured, UP-XR systems come with a complete core system and set of
accessories.

e UP-XR and CAD are integrated in different ways, depending on whether use is
online, offline, or a hybrid of the two.

® Together, UP-XR and CAD are an opportunity to decentralize TB screening and
care.
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Knowledge Check—Question 1
Two chest X-rays are taken from individuals by CAD. One is

assigned a score of 80 and the other a score of 60.

Does this mean the second person is 25 percent less likely to
have TB than the first?
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edge Check—Question 2

D results alone be _used to diagnose TB?
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Knowledge Check—Question 3

What does CAD output usually include?
(Select all that apply)

O Numerical abnormality score
] Classification “Possible TB,” “No TB”
0 Heatmap
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Knowledge Check—Question 4

There are four types of X-r_ay technology.
Can you name them?

Seo Do
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Knowledge Check—Question 5

What are some of the bene_fits of using ultra-portable
X-ray? (Select all that apply)

O Ability to screen high-risk groups in areas
difficult to reach by road

O Higher throughput compared to stationary

8]

Reduced radiation exposure

O

Reduced physical strain on staff operating the
machine
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INTRODUCTION

This module offers a menu of key
considerations to consider when using

ultra-portable X-ray systems with CAD software
to screen and triage for TB.
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Learning Objectives

By the end of this module,
participants should be able to:

putnershi|
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General Screening Workflow — FOR NTP TO
CUSTOMIZE

¥ s

1" Oliteach and promoting 2 Presumptive patient 3 Présumptive patient
X-ray and CAD screening and preparation and X-ray
screening projects and registration exposure
identify presumptive
patients who require
Xeray examination as per
national T8 screening
‘and diagnostic algorithm
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General Screening Workflow — FOR NTP TO CUSTOMIZE

& Post screening TereaIang
diagnostic and care provided
along with monitoring and

5 The X-ray Is then automatically
evaluation (Module 5).

‘Aftr the exposure. the detector receves.

the images and immediately transfers the read by CADATS and generates

Xcray image o the console PC using results.

Bluetooth (or wired connection). The.

console laptop automatically processes and  CADATB results can be displayed
on the console PC (onlin) or

accompanying tablet (offine).

generates the X-ray image.

X-ray images may also be viewed on the tabet
accompanying the CAD4TS box

v —
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Electricity and Power

)

Because of the limited battery capacity and charging options, ultra-portable X-ray may not be suitable for
high throughput settings without power in the field.

The entire Delft Light system has built-in batteries so it can be operated in screening settings without access
to electrical mains.

The charging requirements of the system are:

Generator
battery

Capable of approximately 200 exposures.
Recharging takes approximately 4 hours.

Note: The battery must be removed from the tube for charging and inserted into the
generator charger. This means that the X-ray generator cannot be charged and
operated at the same time.

Detector | Capable of approximately 100 exposures per set of 2 batteries.
battery A second set of batteries means up to 200 exposures are possible. |

Recharging takes approximately 2.5 hours. |
CAD4TB | The CAD4TB box requires an AC connection to operate. It is not capable of
box storing its own power.
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Electricity and Power

If implementers plan to deploy the systems for high throughput in an off-grid setting, external power
sources are critical to ensure continued operation.

MobiSun solar panel and power bank

All system components (generator, detector, workstation, and CAD4TB box) can be recharged
from a portable, water-resistant MobiSun solar panel with built-in power bank in settings without
access to electrical mains.

* The solar panel power bank takes 16 hours to fully charge in direct sunlight.

‘ * There were some difficulties experienced by early users using the solar panel due to
the difficulties and deficiencies of charging by sunlight.

\ » Alternatively, the solar panel’'s power bank can be charged from the electrical grid in
‘ approximately 2.5 hours.
* Solar charging cannot occur while the system is in operation.

Note: 12 second gap is required between exposures.
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Portability and Setup

)

The full kit contains several components in addition to
the X-ray generator and detector. The overall weight of a
complete set can still be too much for a single person
to carry.

The Delft Light comes with two bags for carrying the
system:

o Backpack for the generator, detector, detector
stand, console, CAD box, and accessories

e Carrying case for the generator stand

Photo credit: KNCV Nigeria

X-ray generator 7.0
X-ray generator stand 8.0
X-ray detector (incl. batteries) 3.8
X-ray detector stand 0.4
Console laptop/workstation 1.5
Lead apron 3.0
Battery chargers 1.0
Solar panel/power bank 6.0
Carrying case (empty) 2.5
Delft Light total 33.2
System total 34.2
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Portability and Setup

For portability, a Versarix holder is
provided instead of a detector stand,
and this must be hung onto
improvised mounts at the field
location, such as doors or trees.

Daily set-up can take approximately
30-35 minutes after identifying a
suitable field site, with one person
setting up the detector and stand and
the radiographer preparing the
generator.

A further 35-40 minutes may be
required to tidy up and clean the
equipment after a screening session.
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Radiation Safety

Best practices for safe operation include, but are not limited to:

* Choosing a screening site far from residential areas, barricading
places with an exposure risk, and ensuring that no one can enter
the radiographic assessment zone

* Ensuring the X-ray technician/radiographer operates the machine
safely, using the handswitch, and wearing appropriate safety
equipment/with shielding

* Directing patient flow at screening sites to minimize exposure to
radiation, with consideration to entry/exit route to screening room/
area and beam direction

* Setting up the generator and detector so the minimum safe
distance is adhered to

* Ensuring that no more radiation than necessary is used to obtain
images of adequate quality
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Digital Data—Data Privacy and Security

Patient medical data are collected, stored, and transferred during CAD projects.
It is important that these data are kept private and secure.

Data privacy Data security

is the right to restrict the use, comprises technological and non-technological
access, disclosure, and mechanisms that limit the use, access,
dissemination of information. disclosure, and dissemination of information.

Restricting the use of digital data to a limited set of purposes necessary when using CAD
technologies is essential for data privacy and security.

Patient data can be protected using technological and non-technological (legal) measures.

- For CAD companies in the GDF catalogue, the principal agreement stipulates that CAD
companies can only use implementers’ data to provide CAD services (i.e., to read CXR
images and provide outputs).
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Further Considerations

Internet requirement: When using CAD products online or in
hybrid mode, a strong and stable Internet connection is
required for online mode because X-ray files are large (approx.
10-30 MB). If the intended use is in areas without reliable Internet
access, it is important to purchase a CAD product that can
analyze CXR images and generate results offline.

Privacy: Prospective sites should be assessed for suitability for
mounting the detector in an area where privacy is available for
anyone being screened who needs to remove any clothing with
metallic components, or accessories, before taking a CXR.
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Challenges and Lessons learned

Interviews with six early implementers of CAD with UP X-ray identified through Stop TB’s partner network
revealed the following insights:

Reluctancy from radiologists and fear of being replaced by artificial intelligence can still exist — underscores
the importance to engage and sensitize these medical professionals and associations. Atrtificial intelligence has
many use cases when used WITH human readers.

HR capacity and training: Some countries had a lack of or inadequately qualified radiographer/radiology
technicians and had to train additional community health workers and clinicians to operate the X-ray system.

Portability is a clear advantage, especially compared to previously used solutions which still need specialized
vans/ trucks. Sometimes the UP-XR system was described as not as portable as marketed due to the number
of components and their combined weight.

Assembly and ease of use
Overall, the system was described as easy to assemble and use, but it can take about 30—35 min. It also needs
proper cleaning.

® ‘It’s easy to set up, its easy to consult, and there are less repeats.” —Radiographer

Image quality
Generally, image quality was described as comparable to stationary machines when taking images of most
people.

e ‘“Before we started using the UP XR, we had another stationary one. | think the one that we're using has

better quality images than the one we had before.” —Clinician
Stop{D)Parinershin
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Challenges and Lessons learned

Threshold score selection is difficult: Most new users just start with manufacturer recommendations or adjust in
response to false positives. Once they gain experience, they do operational research.

Potential problematic behavior change: The potential for the interpretation of CAD output as diagnosis was a
concern:

o “My worry is as it’s rolled out, as the WHO has now approved, is that clinicians may interpret a CAD score as TB
and | suspect that we already see that in some places.” —Project Lead

Referral and linkage to confirmatory testing: May need to print X-ray and CAD result, consider collecting sputum
on the spot, and use of unique patient identifier for both x-ray and confirmatory test.

Server and storage: A key by-product of using the CAD cloud was that images stored on the cloud be consulted
remotely by non-field-based staff.

* “| also like with the CAD4TB anyone can help you read the X-ray wherever they are as long as they’re on the cloud,
so it’s easy for consultations as well.”

Although it is easy to integrate the CAD system with the PACS system, it is difficult to integrate CAD results with the
existing national TB database (e.g., DHIS2) or a project-specific electronic medical record system (e.g.,
openMRS).
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Challenges and Lessons Learned

> Equipment fault and CAD reading error:

e Detector to the console connection: Bluetooth resulted in delayed or failed image transfer.
A wire connection would make this more efficient, but the length of the wire can be limiting.

e The connection between the console and CAD laptops can also be a weak point. Some
projects experienced loss in connection prior and fixed it by restarting the laptops.

e X-ray generator battery failed — new product, having a good service and maintenance
contract is important.

e The detector battery is durable, but the battery life of the console laptop may not last with
use. — new product, more actively engage Delft’s client service

e Solar panel charges slowly without direct sunlight or in winter — charge it with electricity
grid or replace with another power bank.

Manufacturer service: All projects reported positive experiences with the supplier’s IT support
system, but access to this service may be limited for implementers who work in settings without
Internet connection.
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Experiences from early users in [country name]

For customization by NTP/MoH

* Encourage any local implementers with experience of
CAD and/or ultra-portable X-ray to present their use
case and experience as an example.

. —
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Summary

> e \When implementing CAD and UP-XR key considerations include:

o

o

o

o

o

o

Electricity and power
Portability and set-up
Radiation safety

Data management and privacy
Internet access

Availability of private spaces

e CAD suppliers provide installation, training, and technical help to support the smooth
operation of CAD programs.

e Preparations for implementation include identifying key stakeholders, performing a
situational assessment, and analyzing field site readiness and suitability.

e CAD and UP-XR projects require a blend of clinical, IT, scientific, and legal expertise.
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Course Outline

—> Threshold score selection

—> How to select a threshold score suitable for the local context

—> How to analyze program data for threshold selection

—> Planning for screening
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INTRODUCTION

This module introduces the key concepts of threshold
score selection when using CAD and proposes several
different strategies for how a threshold score should
be selected that is suitable for the local context.
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Learning Objectives

e Understand what a threshold

By the end of this module score is and how to set it.

participants should be able to: * Know the effect of changing
threshold on key screening
targets.

* Describe why a threshold score

needs to be chosen based on the
local context.

* Understand some of the current
strategies for adapting and
optimizing a threshold in the local
context.
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What is a “threshold score”?

> Itis a numerical abnormality score than translates the continuous output of CAD into a binary.
output (a classification). The scores range from 0.0 to 1.0 (or 0 — 100% depending upon the
software) and the threshold score is a specific value in that range.

The first classification: Any chest X-ray with a score above the threshold value is
automatically classified as “TB" (or similar) by CAD.

The second classification: All X-rays with a score lower than the threshold value are
automatically assigned “No TB” (or similar) by CAD.

All images classified as “TB" by CAD should receive further confirmatory diagnostic testing.

Where CAD classification alone informs the triage decision, the threshold score will
determine key outcomes for an intervention, such as the number of confirmatory diagnostic

tests needed.
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Basic Concepts in Threshold Selection

When using CAD classification alone to determine triage decisions, a threshold
score can be chosen based on programmatic goals.

Some important factors to consider when identifying programmatic goals include:

Accuracy (Sensitivity, Specificity)

Cost Efficiency

(© " Test Positive Rate

“"Confirmation Test Capacity

Please Note: Some CAD systems do not allow for alterations to system-set scores
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Impact of Threshold
Selection

In general, a low threshold score results in:
- High sensitivity but low specificity
* More X-rays will have scores above the
threshold, but a smaller proportion of these will

have TB based on a diagnostic test.

- Needing to test more people to find a positive
case, and therefore needing more diagnostic
tests

- Increasing likelihood of over-diagnosis of TB

There is a clear trade-off between key
considerations for programs, so a
threshold score needs to be adjusted in
an informed way.




image88.png
Threshold Score Trade-offs in Action
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Factors that Influence CAD Performance

CAD’s performance is shown to vary in different
demographics and use populations.

The performance of CAD in a given population is therefore
impossible to predict precisely, because it will depend on a
combination of factors.

Individual variations in CAD performance may also occur.

The best way to choose a threshold score that will lead to a

desired programmatic outcome is to collect local operational data.
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