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● In a telemedicine encounter, the patient-reported history is often the only clinical information 

available to the physician to make a diagnosis

● The medical history alone can lead to a diagnosis in 59-80% of cases, the physical exam can 

lead to a diagnosis in 8-20% of cases, and investigations in 8-20% of cases [1,2,3]

● Incomplete history taking is a leading factor contributing to diagnostic errors in telemedicine 

[4,5,6] 

● Even in in-person care settings, a study by the World Bank shows that the average primary 

care consultation in India lasts 2.5 mins [7] and that in primary care clinics, licensed health 

care providers only completed between 16-22% of essential history-taking tasks [8,9].

Why?



● Rules based clinical protocols for structured clinical data gathering

● Task shift clinical history taking to less busy health workers

● Improve quality of clinical information capture

● Improve the comprehensiveness of data capture

● Follow evidence-based clinical protocols for patient assessment & 
ensure critical questions are never omitted

● Added significance in an LMIC setting where diagnostic testing access is 
poor leading to a greater reliance by doctors on the patient history to 
make a diagnosis 

What Ayu does





About Ayu

● 93 presenting complaints/clinical workflows developed & deployed

● Most available in 13 Indian languages

● Additional 70 are under development

● Over 1000+ history questions, 300+ physical exams

● Capture structured data, free text and images

● Multi-level adaptive logic questionnaires



About Ayu

● Multi-level adaptive logic 

questionnaires

● Built using mind maps

● Exported to JSON files that can be 

consumed by the Intelehealth app

● Adaptable to context



Intelehealth: Digital Public Good for telemedicine
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• Link to Github

• Link to Wiki

Goel NA, Alam AA, Eggert EMR, Acharya S. Design and development of a customizable telemedicine platform for improving access to 
healthcare for underserved populations. 2017 39th Annu Int Conf IEEE Eng Med Biol Soc. IEEE; 2017. p. 2658–2661. Verma N, Lehmann 
H, Alam AA, Yazdi Y, Acharya S

https://github.com/intelehealth
http://wiki.intelehealth.org/


● Most healthcare data is unstructured!!!

● Structured data from Ayu can be used to,

○ Build rich data dashboards for program monitoring

○ Conduct disease surveillance

○ Predict disease risk

○ Train machine learning models

○ Simplify billing

From data to intelligence





Future work
● Patient-facing version of the digital assistant

● SDK for incorporating the assistant into any digital health app

● No code protocol builder

● More optimized questionnaires - improve precision (positive predictive value), 

improve recall (sensitivity) - reduce time and improve comprehensiveness

● Improved UI/UX

● Differential diagnosis engine (Rules based and AI based models) using the 

structured data

● Symptom coding in SNOMED

● Use of WHO SMART guidelines standards standards and FHIR compliance



Design
https://humanfactors.jmir.org/2023/1/e25361

https://humanfactors.jmir.org/2023/1/e25361


Design requirements[10]



Process of Knowledge acquisition to develop task shifting protocols to collect patient information [10]

No. Stage Result

1. Identified  symptom list to cover the scope of most prevalent 
presenting complaints through literature review

67 presenting complaints identified

2. Created data collection questionnaires to collect subjective 
data for the presenting complaints through a literature 
review and synthesis of evidence-based guidelines

67 data collection questionnaires compiled

3. Identified simple physical exams to collect objective data 
and map them to complaints

143 exams identified

4. Contextualized questionnaires to the etiology & 
epidemiology of disease in India.

67 questionnaires contextualized

5. Feasibility assessment to remove history-taking questions & 
physical exams that are difficult to task shift to health 
workers or have a high burden of training

Questionnaire list reduced to 51, exam list reduced 
to 93

6. Translation of content into local language and adaptation to 
improve comprehensibility for patients

Translations complete & verified. 51 questionnaires 
& 93 physical exams modified.

7. Adaptations to local social and cultural contexts Adaptations complete & verified. 51 questionnaires 
& 93 physical exams modified.



Evaluation



Evaluation of information retrieval ability of Ayu

● Recall (Sensitivity) = TP / TP + FN
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Image adapted from: Hripcsak G, Wilcox A. Reference standards, judges, and comparison subjects: roles for experts in evaluating system performance. J Am Med Inform Assoc. 
2002 Jan-Feb;9(1):1-15. doi: 10.1136/jamia.2002.0090001. PMID: 11751799; PMCID: PMC349383.
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Captured information Hx
Missing information Hx
Captured information Px
Missing information Px



Results

Patient history = 0.65 ± 0.19 
(n=190) or 65% 

Mean 
Recall

Physical exam = 0.42 ± 0.28 
(n=174) or 42%

Mean
Recall

68%Correct 
Dx rate

88%
Correct 
triage 
rate

Table 3: Mean recall for patient history and physical exams

 Mean recall ± std dev
(Patient history)

Mean recall ± std dev
(Physical exam)

Correct
triage rate

Correct
diagnosis rate

Overall 0.65 ± 0.19 (n=190) 0.42 ± 0.28 (n=174) 88% 68%
     
High prevalence 0.64 ± 0.22 (n=101) 0.44 ± 0.29 (n=92) 92% 92%
Moderate 
prevalence

0.62 ± 0.16 (n=46) 0.41 ± 0.28 (n=44) 89% 48%

Low prevalence 0.71 ± 0.15 (n=43) 0.38 ± 0.26 (n=38) 79% 35%
     
Infectious diseases 0.62 ± 0.21 (n=54) 0.46 ± 0.28 (n=50) 87% 78%
Gastroenterology 0.63 ± 0.16 (n=28) 0.40 ± 0.26 (n=27) 89% 43%
Cardiology 0.70 ± 0.18 (n=16) 0.44 ± 0.32 (n=16) 75% 69%
General medicine 0.67 ± 0.18 (n=15) 0.28 ± 0.33 (n=11) 100% 93%
Dermatology 0.64 ± 0.28 (n=13) 0.46 ± 0.36 (n=13) 77% 77%
Pulmonology 0.60 ± 0.07 (n=12) 0.50 ± 0.13 (n=12) 83% 17%
Endocrinology 0.56 ± 0.19 (n=10) 0.29 ± 0.09 (n=10) 90% 100%
Nephrology 0.58 ± 0.13 (n=8) 0.38 ± 0.12 (n=7) 88% 75%
Pediatrics 0.72 ± 0.15 (n=8) 0.53 ± 0.25 (n=6) 100% 50%
Neurology 0.69 ± 0.19 (n=7) 0.47 ± 0.29 (n=6) 100% 71%
Gynecology 0.90 ± 0.13 (n=6) 0.61 ± 0.54 (n=3) 100% 50%
Hematology 0.84 ± 0.08 (n=6) 0.41 ± 0.25 (n=6) 83% 83%
Orthopedics 0.64 ± 0.19 (n=5) 0.19 ± 0.24 (n=5) 100% 100%
Ophthalmology 0.54 ± 0.35 (n=2) 0.36 ± 0.51 (n=2) 100% 50%
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2b: Evaluation of fidelity of use by nurses
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Image adapted from: Hripcsak G, Wilcox A. Reference standards, judges, and comparison subjects: roles for experts in evaluating system performance. J Am Med Inform Assoc. 
2002 Jan-Feb;9(1):1-15. doi: 10.1136/jamia.2002.0090001. PMID: 11751799; PMCID: PMC349383.



Results

● Mean Accuracy = 7.71 ± 2.42 ( n= 203)

● Correct diagnosis rate = 74%

● Correct triage rate = 85%

● 58% (n=117) cases had no information 

missing, 17% (n=34) had some 

information missing that did not impact 

the diagnosis and 26% (n=52) had 

important information missing that would 

have changed the patient’s diagnosis 
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Proportion of cases with high (9 or 10), acceptable (7 or 
8), and poor (6 or below) accuracy scores 



Randomized cross over study comparing diagnosis 
& treatment outcomes of TM vs F2F care[11]

● 10 clinics in rural Gujarat, Sample size 104 patients, patient-diagnosis pair (n=?)

● Methods: Outcomes – TM vs F2F – Dx, Tx and Hx
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Telemedicine gives similar outcomes to F2F care

● 74% diagnostic concordance

● 80% treatment concordance

● No significant association was found 

between diagnosis and treatment 

concordance and 

○ the order of consultation

○ FHW-doctor pair

○ Gender

○ mode of teleconsultation 

(Fisher’s exact test, p > 0.05)
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Telemedicine outcomes depend on the type of case

● A significant association was found between 

diagnosis and treatment concordance and the case 
specialty (Fisher’s exact test, p < 0.05)

○ High concordance seen in Hypertension, 

Diabetes, Obstetrics, Pediatrics, Orthopedics

○ Cohen’s Kappa for diagnosis of diabetes 

= 0.93

○ Cohen’s Kappa for diagnosis of 

hypertension = 0.89

○ Low concordance seen in Dermatology, 

Gynecology, Cardiology, Non-specific 
illnesses

● Cannot conclude due to low sample sizes
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