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Learning Objectives

• Describe the main applications of artificial intelligence and machine 
learning within respiratory medicine.

• Explain how AI/machine learning use fits into everyday clinical 
practice.

• Describe how issues of patient safety and physician liability should be 
addressed.

Medicine is changing



2/18/2024

2

Example: Telehealth vs In-person?

Ugalde IC, et al.  Preference for and impact of telehealth vs in-person asthma visits among Black and Latinx adults. Ann Allergy Asthma Immunol. 2023 Nov;131(5):614-627.e2. doi: 
10.1016/j.anai.2023.07.012. Epub 2023 Jul 23. PMID: 37490981.

TH may be similarly efficacious as and often preferred over IP 
among Black and Latinx adults with moderate-to-severe 
asthma, especially for regular checkups.

Where have we come from?

Strictly Confidential

Exploding area
of interest

Gonem S, Janssens W, Das N, Topalovic M. Applications of artificial intelligence and machine learning in respiratory medicine. Thorax. 2020 Aug;75(8):695-701. doi: 
10.1136/thoraxjnl-2020-214556. Epub 2020 May 14. PMID: 32409611.
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Medscape survey on attitudes to AI

https://www.medscape.com/slideshow/2023-artificial-intelligence-6016743#10 Accessed Nov 5, 2023
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“You caught a virus from your computer, and we had 
to erase your brain. I hope you’ve got a back-up copy!”

AI growing in many areas!

Modifiable risk factors 
identified by the model such 
as increased BMI, operative 
time, anesthesia type, and 
comorbidities can help 
clinicians optimize 
preoperative status.

(AUC = 0.76)

Where and how to be used?

• Radiologic interpretation
• Pulmonary function interpretation
• Asthma vs COPD clinical, biomarker and spirometry
• Others: TB, pneumonia prediction, the list goes on…
• Digital inhalers
• Action Plans
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How about urgent care 
and CXR interpretation?
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Fibrotic lung diseases

• The accuracy of the algorithm on test set A was 
76·4%, with 92·7% of diagnoses within one category. 

• The algorithm took 2·31 s to evaluate 150 four slice 
montages (each montage representing a single case 
from test set B). 

• The median accuracy of the thoracic radiologists on 
test set B was 70·7% (IQR 65·3–74·7), and the 
accuracy of the algorithm was 73·3% (93·3% were 
within one category), outperforming 60 (66%) of 91 
thoracic radiologists.

Walsh SLF, Humphries SM, Wells AU, Brown KK. Imaging research in fibrotic lung disease; applying deep learning to unsolved problems. Lancet Respir Med. 2020 Nov;8(11):1144-1153. doi: 
10.1016/S2213-2600(20)30003-5. Epub 2020 Feb 25. PMID: 32109428.

https://pharmaphorum.com/news/does-my-cough-sound-like-covid-there-could-be-an-app-for-that/

Studies identified corresponded to the area of chronic obstructive pulmonary disease (COPD), in 
particular to COPD and chest computed tomography scans, interpretation of pulmonary function 
tests, exacerbations and treatment, diagnosis of interstitial lung disease, and a few other studies 
were identified on the fields of mechanical ventilation, interpretation of images on chest X-ray and 
diagnosis of bronchial asthma.
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Man vs Machine?

Expert opinion: 

 ML may help to make clinical decisions but will not replace the physician 
completely. 

 Human errors in medicine are associated with large financial losses, and many of 
them could be prevented with the help of AI and ML. 

 AI is particularly useful in the absence of conclusive evidence of decision-making. 

Mekov E, Miravitles M. Artificial Intelligence and machine learning in respiratory medicine
Expert Review of Respiratory Medicine. Volume 14, 2020; 559-564

Clinical response predictions

• Comparing what we can do in practice
• How much more (and faster) a computer can process
• If trained correctly (big issue, more to come!) then can be of huge 

help!

But, 
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Lovrić M, Banić I, Lacić E, Pavlović K, Kern R, Turkalj M. Predicting Treatment Outcomes Using Explainable Machine Learning in Children with Asthma. Children (Basel). 2021 May 
10;8(5):376. doi: 10.3390/children8050376. PMID: 34068718; PMCID: PMC8151683.

 Machine learning has been successfully used in automated interpretation of 
pulmonary function tests for differential diagnosis of obstructive lung 
diseases. 

 Deep learning models such as convolutional neural network are state-of-the 
art for obstructive pattern recognition in computed tomography. 

 Machine learning has also been applied in other diagnostic approaches such 
as forced oscillation test, breath analysis, lung sound analysis and 
telemedicine with promising results in small-scale studies.

Topalovic M, et al; Pulmonary Function Study Investigators; Pulmonary Function Study Investigators:. Artificial intelligence outperforms pulmonologists in the interpretation of 
pulmonary function tests. Eur Respir J. 2019 Apr 11;53(4):1801660. doi: 10.1183/13993003.01660-2018. PMID: 30765505.
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Kaplan A, et al.. Artificial Intelligence/Machine 
Learning in Respiratory Medicine and Potential 
Role in Asthma and COPD Diagnosis. J Allergy 
Clin Immunol Pract. 2021 Jun;9(6):2255-2261. 
doi: 10.1016/j.jaip.2021.02.014. Epub 2021 Feb 
19. PMID: 33618053.

Unmet medical needs
Asthma and COPD burden

Disease Asthma COPD

Prevalence 8.6%1 11.7%7

Mortality 346k2 3M (4th leading death cause) 
By 2030: 4.5M (3rd leading death cause) 7

Social burden 24M DALYs3 63M DALYs3

Economic burden
(total cost = direct + indirect)

Europe €17.7bn4 €38.6bn 7

US $81.bn5 $52.4bn7

Misdiagnose

Overdiagnosis 30−61%6 33%8

Underdiagnosis 20−73%6 60−86%8

26Figures presented are estimations per year

1. To T, Stanojevic S, et al. BMC Public Health. 2012;12:204. 2. Global Initiative for Asthma. 2018. Available from: www.ginasthma.org; 3. Global Burden of Disease Collaborative Network. Seattle, United States: Institute for Health Metrics and Evaluation 
2017; 4. Braman SS. Chest. 2006;130:4-12; 5. Nurmagambetov T, et al. The Economic Burden of Asthma in the United States, 2008–2013. ATS. 2018;15(3); 6. Aaron SD,  et al. AJRCCM. 2018; 7. Global Initiative for Chronic Obstructive Lung Disease. 
2018. Available from: https://goldcopd.org; 8. Gershon AS, et al. Chest. 2018;153(6):1336-1346.

Misdiagnosis of Asthma and COPD
Reasons

Asthma and COPD 
are evolving diseases
For example, sustained remission in young 
patients with asthma3 and patients with asthma 
can display COPD later in life

Underreporting
of respiratory symptoms to physicians2

Spirometry not 
performed / difficulty 
interpreting results
It is estimated that only 16–43% of patients with 

asthma1 and around 33% of patients with COPD2

undergo lung function testing

No single 
diagnostic tool

Poor diagnostic sensitivity of spirometry4; 
FeNO results can be context dependent5

Difficulties in 
differential diagnosis
Symptoms of asthma and COPD can be very similar 
making them difficult to differentiate6

Reasons for 
misdiagnosis

1. Aaron SD, et al. AJRCCM 2018; 2. Lamprecht et al. Prim Care Respir J 2013;
3. De Marco ,R et al. JACI 2002; 4. Schermer TR, et al. NPJ Prim Care Respir Med 2016;
5. GINA 2020. Available from: www.ginasthma.org; 6. Nissen F, et al. Br J Gen Pract 2018 27
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Process?

Gonem S, Janssens W, Das N, Topalovic M. Applications of artificial intelligence and machine learning in respiratory medicine. Thorax. 2020 Aug;75(8):695-701. doi: 
10.1136/thoraxjnl-2020-214556. Epub 2020 May 14. PMID: 32409611.

Our Solution: ACDC

Machine Learning-Assisted 
Asthma COPD Differentiation Classification

On-the-ground support for general 
practitioners to help diagnose Asthma 

from COPD

Where does ACDC data come from?

>400,000 patient records
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Top Features of Importance: 
Cohorts I, II, and III

1. FEV1
2. FEV1/FVC
3. Pack Year
4. Age
5. BMI
6. Dyspnea
7. Wheeze 
8. Cough
9. DX Allergic Rhinitis
10. Current smoker
11. Never smoked
12. DX Chronic Rhinitis

Precision (positive predictive value) 
Recall (also known as sensitivity)
F1-score (a measure of a test’s accuracy) is the weighted average of Precision and Recall, therefore, this score takes both false positives 
and false negatives into account.
Support=number of patients holdout

Confusion Matrix: Cohorts I, II and III
Deep optimization

Limitations in the Training Model!!!

• Post BD FEV1 was not done frequently, so not included in the data
• Age of onset of illness not captured
• FENO done even LESS frequently, so not included in the data
• Background medication use 
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So, we studied the
algorithm again

34

Kochs JW, Cao H, Holzauer B, Kaplan A, et al. Diagnostic performance of a machine-learning algorithm (Asthma/COPD 
Differentiation Classification; AC/DC) tool versus primary care physicians and pulmonologists in asthma, COPD and ACO
JACI published January 27, 2023 DOI:https://doi.org/10.1016/j.jaip.2023.01.017

35

9 
COUNTRIES 
included in 

Study

TOTAL PULs PCPs

US 40 20 20

Canada 40 20 20

UK 40 20 20

France 40 20 20

Germany 40 20 20

Spain 40 20 20

Australia 40 20 20

China 40 20 20

India 40 20 20

TOTAL 360 180 180

HCPs qualified to participate in the study based on the following criteria:
• Board certified or eligible (US only)
• Practicing at least 2 years post-residency
• Spend at least 50% of time in direct clinical practice/ patient care
• See at least 1 patient with respiratory diseases

Patient Features Parameters
Patient Features Shown to Steering Committee/PULs/PCPs 

~50 Parameters 
Patient Feature Shown to AC/DC

~12 Parameters 

• Age
• BMI
• FEV1 pre bronchodilator values
• FEV1 pre bronchodilator percentages
• Current smoking status
• Never smoked
• Pack years
• Chronic sinusitis
• History of hayfever
• Dyspnea (ACQ4)
• Cough (CCQ5)
• Wheeze (ACQ5)

**In cases where ACQ and CCQ values weren’t 
available, MRC values were utilized. 

36
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Average Diagnostic Accuracy in evaluating clinical 
cases of asthma, COPD & ACO

37

50%61%

73%

Study results

AC/DC meets all Primary Endpoints

38

2. Non-Inferior to Pulmonologists

3. Superiority to Pulmonologists

1. Superiority to PCPs            

Kochs JW, Cao H, Holzauer B, Kaplan A, et al. Diagnostic performance of a machine-learning algorithm 
(Asthma/COPD Differentiation Classification; AC/DC) tool versus primary care physicians and pulmonologists in 
asthma, COPD and ACO JACI published January 27, 2023 DOI:https://doi.org/10.1016/j.jaip.2023.01.017

GOLD
Standard 
Summary

Total patient cases from FOCUS study = 119

Steering Committee members came to consensus on 
diagnoses of 116 cases

Breakdown by diagnosis:

Asthma: 53 COPD: 43 ACO: 7 Other: 13

Breakdown by difficulty:

Easy: 39 Moderate: 39 Hard: 38

Asthma COPD ACO Other Total

Easy 10 27 2 0 39

Moderate 20 13 3 3 39

Hard 23 3 2 10 38

Total 53 43 7 13 116

39
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ACDC vs others in different difficulties?

Future?  App currently being purchased by a 
US company…we shall see….

This is now the model 
for AI diagnostics

Robertson NM, Centner CS, Siddharthan T. Integrating artificial intelligence in the diagnosis of COPD globally: a way forward. Chronic Obstr Pulm Dis. 2024; 11(1): 114-120. doi: 
http://dx.doi.org/10.15326/jcopdf.2023.0449
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How often are action plans given in the US?

NO good data on line; Answer is likely NOT MUCH!!!

https://www.cdc.gov/asthma/actionplan.html Accessed Nov 12, 2023

https://www.cdc.gov/asthma/actionplan.html Accessed Nov 12, 2023
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Utilize the EMR
How often do you 
give an Asthma Action Plan?

Action plan delivery 
(primary outcome) 
improved from zero out of 
412 (0%) to 79 out of 443 
(17.8%) eligible patients 
(absolute increase 0.18 
(95% CI 0.14–0.22)).

Gupta S, Price C, Agarwal G, Chan D, Goel S, Boulet LP, Kaplan AG, Lebovic G, Mamdani M, Straus SE. The Electronic Asthma Management System (eAMS) improves 
primary care asthma management. Eur Respir J. 2019 Apr 25;53(4):1802241. doi: 10.1183/13993003.02241-2018. PMID: 30765503; PMCID: PMC6482383.

Auto-populates the Action plan based on input

https://apps.health/featured/eams/
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Gupta S, Kaplan A, Kouri A, in press

Kaplan A, Boivin M, Bouchard J, Kim J, Hayes S, Licskai C. The emerging role of digital health in the management of asthma. Therapeutic Advances in Chronic Disease. 2023;14. 
doi:10.1177/20406223231209329
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So why is the Asthma not controlled??

• Patient related
• Physician related
• Disease severity
• Comorbidities
• Triggers

Kaplan A, Boivin M, Bouchard J, Kim J, Hayes S, Licskai C. The emerging role of digital health in the management of asthma. 
Therapeutic Advances in Chronic Disease. 2023;14. doi:10.1177/20406223231209329

• What can digital health 
assist with?

• Diagnosis
• Adherence
• Technique

Kaplan A, Boivin M, Bouchard J, Kim J, Hayes S, Licskai C. The emerging role of digital health in the management of asthma. Therapeutic Advances in Chronic Disease. 2023;14. 
doi:10.1177/20406223231209329

Digital Health Technology in Asthma

Kaplan A, Boivin M, Bouchard J, Kim J, Hayes S, Licskai C. The emerging role of digital health in the management of asthma. Therapeutic Advances in Chronic Disease. 2023;14. 
doi:10.1177/20406223231209329
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Barriers

Kaplan A, Boivin M, Bouchard J, Kim J, Hayes S, Licskai C. The emerging role of digital health in the management of asthma. Therapeutic Advances in Chronic Disease. 2023;14. 
doi:10.1177/20406223231209329

SMART inhalers in USA
• Smart inhalers help people with chronic lung conditions to use their 

inhalers more effectively1.
• There are currently seven FDA-cleared or FDA-approved smart 

inhalers. Some are all-in-one devices, and others are sensors you 
attach to a traditional inhaler1.

• Studies that use digital inhaler systems to collect objective real-time 
data on medication-taking behavior via electronic medication 
monitors and feed this data back to patients on their mobile asthma 
app, and to health care professionals on the clinician dashboard to 
counsel patients, show positive outcomes2. 

1.  https://www.goodrx.com/conditions/asthma/smart-inhalers-review
2. Mosnaim GS, Greiwe J, Jariwala SP, Pleasants R, Merchant R. Digital Inhalers and Remote Patient Monitoring for Asthma. J Allergy Clin Immunol Pract. 2022 Oct;10(10):2525-
2533. doi: 10.1016/j.jaip.2022.06.026. Epub 2022 Jun 29. PMID: 35779779.

Digihaler by Teva:
ProAir Digihaler (albuterol sulfate)
ArmonAir Digihaler (fluticasone propionate)
AirDuo Digihaler (fluticasone/salmeterol)

The medication and the technology are already assembled. All you have to do is link the inhaler to the app. 
Once the Digihaler is out of doses, you discard the entire device. Each new inhaler needs to be linked to the 
app when you start using it. 
You don’t have to connect the Digihaler to the app to use it. The inhaler will still provide medication even if 
you’re having technical difficulties.
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Propeller

• Propeller is a FDA-cleared smart sensor that you attach to your inhaler. 
• The sensors fit most FDA-approved inhalers. 
• When you finish all doses in an inhaler, you remove the sensor and attach it 

to a new inhaler. 
• Each sensor has a non-rechargeable battery that should last for about a 

year. 
• Once the battery dies, you’ll need a new sensor.
• To get started with Propeller, your healthcare provider needs to enroll you 

to use the device and app. 
• Company located in Madison Wisconsin

Breath Suite

• BreatheSuite uses a non-rechargeable battery, typical battery life for one 
sensor is about 1 ½ years.

• As with Propeller, BreatheSuite doesn’t know which brand inhaler you’re 
using. While setting up the app, you’ll have to add your inhaler details.

• Senses:
• How long you shook your MDI before using
• If you were holding your inhaler correctly during a dose
• How long you breathed in your dose
• If you pushed down on your inhaler as you started breathing in

CapMedic

• The prescription-only sensor is rechargeable and fits on most MDIs.

• CapMedic’s unique feature is that the sensor talks to you while you’re 
using it.

• If you’re not holding your MDI upright, the device will tell you. 
• It lights up and plays music to let you know when to push down on 

your inhaler. 
• As soon as you’re done with your puff, the lights will be either red or 

green in color to tell you how well you did with your dose.
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Hailie

• MDI and DPI

Does Digital AI work?

• 41 US states
• The DASM program uses 

consumer–grade devices for 
passive biometric monitoring.

• A smart phone app provides 
"smart nudges,“ symptom 
logging, trigger tracking, 
evidence-based education, 
and other resources

Harris B, Silberman J, Sarlati S, et al. Digital asthma self-management tool reduced emergency visit rates in a Medicaid 
population. Ann Allergy Asthma Immunol. 2023; 131(5):S230-1 (LB005). doi.10.1016/j.anai.2023.10.021

-43%

New technologies?

• Parameters (wheezes, rhonchi, 
coarse and fine crackles, HR, 
RR, I/E) measured by a device 
such as an AI-aided home 
stethoscope allows for the 
detection of exacerbations 
without the need for 
performing PEF 
measurements.

Emeryk A, et al. . Home Monitoring of Asthma Exacerbations in Children and Adults With Use of 
an AI-Aided Stethoscope. Ann Fam Med. 2023 Nov-Dec;21(6):517-525. doi: 10.1370/afm.3039. 

PMID: 38012028; PMCID: PMC10681685.
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What about ChatGPT?

• One of many Artificial 
intelligence language 
processing models

• I have NO experience 
in these.

• BUT, I have concerns

Text from 100 cases was pasted into ChatGPT version 3.5 with 
the following prompt: "List a differential diagnosis and a final 
diagnosis."

Two physician researchers scored the chatbot-generated 
diagnosis as "correct," "incorrect," or "did not fully capture 
diagnosis.“

ChatGPT version 3.5 reached an incorrect diagnosis in 83 out 
of 100 pediatric case challenges.

So, careful what you trust!!
Barile J, et al "Diagnostic Accuracy of a Large Language Model in Pediatric Case Studies" JAMA Pediatr 2024; DOI: 10.1001/jamapediatrics.2023.5750.

• Compared the accuracy of an artificial intelligence chatbot to clinical 
practice guidelines (CPGs) recommendations for providing answers to 
complex clinical questions on lumbosacral radicular pain.

• Accuracy between ChatGPT answers and CPGs recommendations was 
slight, demonstrating agreement in 33% of recommendations. 

Gianola S, Bargeri S, Castellini G, Cook C, Palese A, Pillastrini P, Salvalaggio S, Turolla A, Rossettini G. Performance of ChatGPT compared to clinical practice guidelines in making informed 
decisions for Lumbosacral Radicular Pain: A cross-sectional study. J Orthop Sports Phys Ther. 2024 Jan 29:1-18. doi: 10.2519/jospt.2024.12151.

JAMA Intern Med. Published online  February 12, 2024. doi:10.1001/jamainternmed.2023.7965
Date of download:  2/13/2024

From: Using Artificial Intelligence to Improve Primary Care for Patients and Clinicians
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The Perils of Artificial Intelligence in a Clinical 
Landscape
1) AI’s assistance with inbox management and documentation may 

dehumanize the clinician-patient relationship
2) The volume of documentation that is generated by AI may 

contribute to clinician burnout
3) AI’s output is only as good as the training that it receives; this may 

lead to critical information being overlooked.
4) AI has the potential to fabricate information or confabulate.

Ostrer I, Aronson L. The Perils of Artificial Intelligence in a Clinical Landscape. JAMA Intern Med. Published online February 
12, 2024. doi:10.1001/jamainternmed.2023.7962

Will we be replaced
by AI?

Computers can easily make these functional diagnoses based on the availability
of z-scores, but one may wonder if it is necessary given the simple rules of 
interpretation.

Thus, almost 100% of pulmonologists would give a correct PFT interpretation, at least 
in university centres that are responsible for medical student teaching. 
However, it must be pointed out that a FEV1/VC ratio <5th percentile is not necessarily 
abnormal; it is only atypical because 5% of the normal subjects exhibit this atypical 
feature.

It is up to the physician interpreting the functional exploration to provide this kind 
of nuance depending on the clinical context.

Delclaux C. No need for pulmonologists to interpret pulmonary function tests. Eur Respir J. 2019 Jul 18;54(1):1900829. doi: 10.1183/13993003.00829-2019. PMID: 31320479.
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Summary

• Artificial intelligence in Respiratory Medicine is growing
• Real opportunities in real-time issues of 

• Imaging
• Prediction models
• Improving diagnostic models
• Making our lives easier with things like auto-populating Action Plans
• Digital devices for assessing technique and adherence

• Future is exciting
• Good news, Live Clinicians are STILL NEEDED!! 

• for4kids@gmail.com
• www.fpagc.com

Dr. Jesse Ehrenfeld, AMA president Oct 2023


