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“The committee concluded 
that health IT has the potential 
to impact the diagnostic 
process in both positive and 
negative ways…

Despite this potential, however, 
there have been few 
demonstrations that health IT 
actually improves diagnosis in 
clinical practice.”

NASEM. Improving Diagnosis in Health Care 2015.
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The state of clinical AI
• Billions of dollars invested

• Tens of thousands of peer-
reviewed publications

• Only a handful of published 
RCTs, not all suggesting 
benefit of AI system

• Hype far exceeds evidence
Source: https://commons.wikimedia.org/wiki/File:Reflection_in_a_soap_bubble_edit.jpg

Tran BX et al. J Clin Med. 2019;8(3):360.
Cristea IA et al. Eur J Clin Invest. 2019;e13072.
Genin K, Grote T. Philosophy of Medicine 2021;2(1). 
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Kumar Y et al. J Ambient Intell Humaniz Comput 2022;1–28.
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Current knowledge: rules-based CDSS
• Prescribing practices aligned with Beers Criteria
• Palliative care referral
• High-risk anti-depressant medication prescribing
• Deprescribing and medications reviews
• Delirium
• Falls prevention
• Functional decline
• Post-acute care transitions
• Pressure ulcers

Singhal S et al. JAGS 2022. Tan A et al. BMC Med Inform Decis Making 2020.
VanDaele MA et al. Mental Health Clinician 2021. Damoiseaux-Volman BA et al. JMIR Medical Informatics 2021. 
McDonald EG et al. JAMA Internal Medicine 2022.



Current knowledge: AI-based CDSS
Diagnosis of 

nutrition-related syndromes

Petrauskas V et al. Appl Sci 2021.

Diagnosis of 
need for palliative care

Courtright KC et al. JGIM 2019.



Challenges specific to older adults
• Broad diagnostic scope
• Higher comorbidity count
• Higher variation in functional status
• Uncertainty in prognosis and life expectancy
• Less gold-standard data from clinical trials due to age exclusions
• Higher prevalence of cognitive impairment
• Higher probability of care fragmentation
• Higher probability of (and possibly need for) caregiver involvement 

Lipman HI et al. Journal of Geriatric Cardiology 2015.



Diagnostic scope and complexity increase with age
• In a sample of 571,543 

primary care encounters 
in Penn Medicine from 
2020-2021

• The median number of 
diagnoses at each 
encounter increases 
linearly with age

• The complexity, or 
number of of potential 
disease interactions, 
increases geometrically
with age

Weissman GE et al. Unpublished 2022.



Diagnostic scope in primary care
• 177,965 primary care 

encounters in Penn Medicine 
(FY 2020) among those age ≥ 
65

• Internal Medicine, Geriatric 
Medicine, Family Medicine, 
and Penn Primary Care 
groups

• Most common 250 ICD codes 
collapsed into 150 clinically 
relevant diagnostic 
categories, the rest are 
individual ICD codes

Weissman GE et al. Unpublished 2022.



Text analysis: documented signs and symptoms
• Convenience sample of 40,000 
outpatient encounter notes in UPHS 
(2018-2019) among individuals age ≥ 65

• UMLS Metathesaurus to identify signs 
and symptoms in clinical text

• Most common signs and symptoms 
ranked by prevalence

Weissman GE et al. Unpublished 2022.

Text feature Count Cumulative %

Dyspnea 33,671 9.1%

Wheezing 25,744 16.1%

Exanthema 17,663 20.9%

Chest pain 15,054 25.0%

Sore to touch 14,607 29.0%

Symptoms 11727 32.2%

Headache 9592 34.8%

Discharge, body substance 9468 37.4%

Fatigue 8717 39.7%

Chills 8237 42.0%

Abdominal pain 7973 44.1%



Diagnosis as 
collaborative, 

iterative, 
wayfinding

Adler-Milstein J et al. JAMA 2021.



Filice RW and Ratwani RJ. Radiology: Artificial Intelligence 2020.



Next steps: AI diagnostic CDSS

• Strong regulatory environment to ensure 
accountability

• RCTs needed to establish safety, effectiveness, 
and equity

• Transparency and reproducibility to promote 
access, innovation, and trust



Next steps: specific to older adults

• Broad diagnostic scope vs disease-specific
• Models trained on data from older adults
• Clinician-, patient-, and caregiver-facing interfaces
• Integration with workflows relevant to older adults 

(primary care, nursing home, home health)
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