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The COVID19 pandemic was a testing time for AI



AI enabled CT Scan as a primary 
diagnostic modality for COVID19

• In early 2020, it was easier for China to do large scale CT scans with 
automated analysis to diagnose and triage patients (Mei et al August 
2020, Nature Med) than to rely only on molecular testing 

• Outperformed junior
rads
• PCR-ve cases as well



Yet, there were big failures as well





Types of data

• Text 
• Symptoms
• Prior medical history and signs

• Sounds
• Breath sounds
• Cough
• Speech

• Physiologic
• Vitals including O2 saturation
• Spirometry
• Oscillometry
• Ventilator data
• Sleep studies

• Images / Videos
• Chest
• Fingers (clubbing)
• X Rays / CT
• Microscopy
• CT / CT Angiography
• Perfusion scans
• Bronchoscopy

• Biochemical and -omic
• Blood, pleural fluid, exhaled breath 

condensate, broncho-alveolar fluid
• eNose





Generative AI will change human-computer 
interactions



Complexity is not a problem, Hallucination is



Tested in NEJM 
CPC cases  

Jan 2021- Dec 22 
• Correct diagnosis in its 

differential in 64% of 
challenging cases 

• Its top diagnosis in 39%.



Foundational AI is next



Diagnosis in the age of LLMs / Generative AI

Convert the problems of a physical 
patient into accurate digital inputs 

/ prompts, with minimal 
requirement of expert 

practitioners

Blended workflows 
leveraging the strength 

(minimizing the weaknesses) 
of different AI systems



I. Listening isn’t just about the symptoms



Breath sounds and why they matter

• Wheeze
• Monophonic 
• Polyphonic
• Inspiratory / Expiratory

• early/ mid / late

• Crackle 
• Fine
• Coarse
• Inspiratory / Expiratory

• early/ mid / late

CRACKLE
a short initial soundwave deflection 
from a baseline followed by a 
longer, dampening sinusoidal wave 
with < 20 msec two-cycle duration 
and < 25 msec total duration width

WHEEZE
a rapid periodic sinusoidal waveform 
of total length > 25 msec with a 
dominant frequency > 100 Hz



II. Cough: More than just a sound



Swaasa AI

• 80 % training, 20% validating, 
and final external testing phases

 



Initial Training Retraining after validation

Pilot clinical study



III. Prognosis is often 
best measured through 
physiological tests

• Spirometry 
• Oscillometry
• Plethysmography
• Walk tests
• Exercise tests



Vital Capacity: A measure of vitality

• John Hutchison
• Spirometer, 1846
• How much air can 

be forcefully 
exhaled after a 
maximum 
inhalation (Vital 
Capacity)

• Inverted Bell 
floating on water



PURE-BREATH study

• Spirometry from 38,517 subjects 
across 17 countries

• South Asians had about a third lower 
lung volumes than Caucasians

• Duong et al Lancet Respiratory 
Medicine 2013



Worse with age

• In over 1000 subjects from 
NCR and Vellore, age 
related decline in relative 
FVC (zFVC)

• Not suggestive of a normal 
small lung



Study of lung function & its 
development (SOLID) in 
Indian children

Nation of Nations
1. Geography:

• Plains
• Altitudes
• Deserts

1. Sub-ethnicity:
• Indo-Aryan
• Mongoloid
• Dravidian

1. Urban/Rural Profile: 
• Urban
• Semi-Urban
• Rural



LOCATION SUBJECTS
1. Chandigarh 186 (100 M, 86 F)
2. Jhajjar 189 (121 M, 68 F)
3. Bharatpur 162 (102 M, 60 F)
4. Jaisalmer 199 (144 M, 55 F)
5. Bengaluru 221 (131 M, 90 F)
6. Trivandrum 186 (95 M, 91 F)
7. Leh 172 (61 M, 111 F)
8. Puri 191 (121 M, 70 F)
9. Habra 172 (95 M, 77 F)
10. Mandi 196 (107 M, 89 F)
11 Ri-bhoi 170 (76 M, 94 F)
12. Phodong 164 (64 M, 100 F)
13. Pondicherry 200 (81 M, 119 F)
14. Gumla 203 (103 M, 100 F)

TOTAL 2611 (1401 M, 1210 F)
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Adverse exposures 
may be driving low 
FVC in Indian 
children

• Inflammation, Thinness, and low vital 
capacity seen together in 40% of children



Small Airway 
Disease?



Oscillometry: Introduction

FLOW GENERATED: BLUE – RESISTANCE, RED – COMPLIANCE 

SINUSOIDAL PRESSURE APPLIED AT DIFFERENT FREQUENCIES WITHIN SINGLE BREATH



27ashu@cognitalabs.comCognita Labs, LLC

LIMITATIONS OF EXISTING SOLUTIONS

• Our Interviews revealed two problems with current devices (COSMED, VIASYS)

Problem 1: Devices are expensive and non-portable

 

     COSMED Quark i2m                       CareFusion IOS                             MedGraphics’ ResMon

Problem 2: Data interpretation remains a challenge 

mailto:ashu@cognitalabs.com?subject=


Pattern analysis of IOS data



Superior Test Characteristics
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Picking most informative patterns: Artificial 
Learning (random forest)
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Predicting asthma exacerbations

• Reactance variables are most predictive of future exacerbation, after 
history

(Aditya Nagori, Rakesh Lodha, Tavpritesh Sethi AIIMS Delhi)



European Respiratory Journal, February 2012.

IV. Molecular endotypes: NMR spectroscopy 
of exhaled breath condensate



34

Before tuning After tuning

The ML approach
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Glutaminase
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The Glutaminase Cycle

Levels of GLUTAMINASE  
in Asthmatics And Healthy Subjects



C1 ?

C2 ?

C3 ?

Haldar et al AJRCCM 2008



Predicting COPD 
Exacerbations
• Pulmoscan –

portableoscillometer for  
office / home use scenario

• No impulses, only 
continuous 
multifrequency pressure 
sine waves

• FDA approved
• Pilot Studies ongoing for 

exacerbation algorithm 
development

Cognita Labs, ATS 2023)



Are you feeling sleepy?

• Yet?



What a polysomnogram looks like



New 
directions



V. Images are most suited to AI 

• From fingers to cells



Chest X Ray: The ubiquitous test for lung 
disease
• AI interest in CxR interpretation accelerated sharply with CAD4TB 
• Currently at v6, many new players (QureAI, India). Working well for 

case referred for Tuberculosis. Comparable to human radiologist



AI for CxR 
getting better 
and better for 
findings

• Seah et al Lancet 2021
• Model classification alone 

was significantly more 
accurate than unassisted 
radiologists for 117 (94%) 
of 124 clinical findings 
predicted by the model 
and was non-inferior to 
unassisted radiologists for 
all other clinical findings.





Findings are different from diagnosis, but an 
essential and desirable step
• Diagnosis is a Bayesian art and needs clinical context
• AI is now better than most clinicians for identifying findings in studies
• Treatment is even more context dependent
• Problems in AI based diagnosis, without independent findings step

• Opacity
• Hidden stratification
• Low generalizability to new datasets 



How can we put it together?

• Foundational AI, with verifiable grounding of key steps
• Combining LLM with computer vision finding detection seems useful



Thank you
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