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Objectives

• Define the major types of artificial intelligence relevant to 
healthcare

• Describe current and emerging applications of AI in 
rheumatology

• Evaluate the limitations, ethical concerns, and future 
directions of AI integration in rheumatologic practice





Outline

1. AI Basics

2. Clinical Uses

3. AI Agents & EHRs

4. Risks & Limitations

5. Future Directions

6. Practical Tips

7. Discussion / Q&A



Definitions

Artificial Intelligence: computer systems performing tasks 
requiring human-like intelligence

Hierarchy:

• Algorithms: rule-based logic

• Machine Learning: learns patterns from data

• Deep Learning: ML using neural networks

– Includes Transformers (GPT = Generative Pretrained 
Transformer)

– GPT Enables Large Language Models (LLMs)



Transformers
• Transformer: introduced “self-

attention” — this allowed neural 
networks to consider all 
relationships between all data in 
a sequence at once

• Benefits:
– Parallel processing → faster

– Scaling → improve as they grow

– Versatility → handle text, code, 
images, sound, graphics

https://arxiv.org/pdf/1706.03762



Pretraining Transformers

1. Tokenization: Turning Words into Numbers

• Text is split into small fragments (≈3–4 characters)

• Entire vocabulary: ~100k–200k unique tokens

https://platform.openai.com/tokenizer

Since pretraining is highly technical, I will cover it quickly.  

If you’re interested, slides for this presentation and 
references are available here



Pretraining

2. Embeddings: The model’s dictionary

• Each token → mapped to a vector capturing relationships
• Over trillions of training updates, vectors cluster by meaning:

• "lupus" near "arthritis"

• "lupus" far from "banana”

• "methotrexate" near "leflunomide"

• In GPT-5, each token vector ≈ 32,000 numbers

• E.g.: Prior 7 tokens → 7x32,000 embedding sequence (matrix)



Pretraining

3. Attention: How words relate (more vectors)

• Query (Q): what a word is looking for

– "lupus" may seek disease terms or treatments

• Key (K): what a word can match with

– "nephritis" matches kidney disease-related queries

• Value (V): info the word contributes

– "nephritis" = renal inflammation.

How it works: 

• Queries search for matching Keys.

• Stronger match → more of that Value is used



Pretraining
4. Multi-Head Attention: Combining Different Perspectives

• Model uses many sets of Q, K, V (“heads”) in parallel

• Each head looks at the text in a different way, in parallel:

– One head might capture grammar

– Medical relationships (e.g., disease–symptom links)

– Temporal info (timeline, before/after)

– Numerical reasoning (lab values, counts)

– Etc.

• Outputs combine → richer representation by tracking multiple 
relationships at once



Pretraining

5. The Transformer Block: Deeper Understanding

• Each block has two parts:

– Attention → decides which words matter

– Feed-Forward Network → refines meaning

• Large models (like GPT-5) stack hundreds of these blocks

• Each layer builds on the last → richer context

• Final result: accurate next word prediction based on 
understanding

Example:

Happy birthday to _____



GPT-2 Transformer Example

https://poloclub.github.io/transformer-
explainer/

• MLP = Multi-Layer Perceptron = Feed-Forward Network 



GPUs

• Why GPUs? Scale of math in AI needs specialized chips
– CPU: few cores, sequential tasks

– GPU = graphics processing unit
• Originally designed for matrix math involved in video games

• Thousands of cores, optimized for parallel matrix math 

• Speed measured in FLOPS (floating point operations per second)

• NVIDIA dominates AI market



GPUs

• NVIDIA RTX 5090 → ~838 TFLOPS (FP8), 600W

• AI GPUs:
– H100/H200 (Hopper, 2022) → ~2000-4000 TFLOPS, 700W

– B100/B200 (Blackwell, 2024-25) → ~6,600-10,000 TFLOPS, 700-1000W

– Rubin (2027) → ~16,670 TFLOPS, 900W



GPU Numbers & Energy Requirements

Best estimates:

• OpenAI: est ~1M

– ≈700 MW → power of 200–
300k city

• xAI: about 780k GPUs by end of 
Sept 2025

• Google & Microsoft: 500k-1M 
each

• Meta: 600-700k

• Amazon (AWS): 200-300k

• Anthropic: 20-50k



Evolution of AI Models

GPT-3 (2020)

• 175B parameters (number of learned weights, more weights → more 
understanding/nuance)

• First model to capture major public attention.

• Fluent text, but frequent hallucinations & weak reasoning.

GPT-3.5 (2022)

• Refinement of GPT-3.

• Better alignment and fewer nonsensical outputs.

• Powered first ChatGPT launch (Nov 2022).



Evolution of AI Models

GPT-4 (2023)

• Estimated 1–1.8T parameters.

• Major leap in reasoning & reliability.

• High scores on bar exam, SAT, and USMLE.

GPT-4o (2024)

• Same family as GPT-4.

• Multimodal: integrates text, vision, and audio.

• Real-time conversational capabilities.

GPT-o3 (2024)

• Optimized for reasoning efficiency.

• Achieves high scores on benchmarks.



Evolution of AI Models

GPT-5 (2025)

• Current frontier. >10T parameters?

• Stronger reasoning.

• Selects right model for the task.

• More efficient → faster, lower 
energy use

“A thing that I like to remind people in 
our company of is, no-one knows what 
happens next. … It’s very hard to 
predict.” — Sam Altman, CEO of OpenAI



How AI is Measured
Benchmark Measures

ARC-AGI Tests abstract reasoning & generalization

MMLU (Massive Multitask 
Language Understanding)

Factual knowledge across 57 academic subjects

GPQA Complex science problem-solving

Humanity's Last Exam Deep reasoning across broad domains

LLM Leaderboards Aggregate across many tasks and models



ARC-AGI: Measures Reasoning

https://arcprize.org/leaderboard on 09/06/2025



MMLU: Academic Knowledge

https://www.kaggle.com/benchmarks/open-benchmarks/mmlu on 09/06/2025



GPQA: Complex science problem solving

https://www.vellum.ai/llm-leaderboard on 09/06/2025



Humanities Last Exam: Deep reasoning

https://agi.safe.ai/on 09/06/2025



Leaderboards

• LMArena.ai • ArtificialAnalysis.ai

Data from 09/06/2025



Artificial General Intelligence (AGI)

• Not clear how to define AGI

– Can perform any intellectual task a 
human can do?

– Does it require creativity or ability to 
discover? 

• Apple’s 'Illusion of Thinking’

– Emergent statistical effect ≠ Thinking

https://ml-site.cdn-apple.com/papers/the-illusion-of-thinking.pdf



Using General AIs

• Many of them have a “personality”

• ChatGPT

– GPT-4o: People liked that it was warm and chatty . Friendly professor. 

– GPT-o3: Methodical and authoritative. Focused engineer. 

– GPT-5: Warm and pragmatic. Helpful polymath. 

• Grok-4: Witty and blunt. Irreverent savant. 

• Claude Sonnet 4: Eager and empathetic. Thoughtful advisor. 

• Gemini 2.5 Pro: Optimistic and reflective. Caring assistant.



Getting Optimal Outputs: Prompt Engineering

For important tasks, use a structured prompt:

1. Role: Act as [specific role, e.g., “an experienced rheumatologist”]  

2. Task: Your task is to [summarize / draft / analyze].  

3. Context: Provide background, patient details, or constraints.  

4. Format: Respond in [bullets / table / # of words/paragraphs].  

5. Extras: Include [examples, reasoning steps, references]. 



Current Uses in Medicine

• Clinical Documentation & Notes – ambient scribes

• Decision Support – e.g., OpenEvidence, Vera Health, UpToDate AI

• Radiology & Pathology – image interpretation, lesion detection

• Dermatology & Ophthalmology – skin cancer, diabetic retinopathy

• Genomics & Drug Discovery – protein/DNA modeling (AlphaFold, NVIDIA 
BioNeMo, OpenAI/Retro Biosciences)

• Administrative Tasks – scheduling, billing, prior auth

• Patient Communication – chatbots for triage, follow-up 

• Population Health – identify at-risk patients, forecast admissions

• Medical Education & Training – AI tutors, simulated cases, exam prep

• Clinical Research – literature reviews, data extraction, trial recruitment



Ambient scribes

• Heidi Health 

• Biggest players with 
EHR integration:
Nuance DAX (Microsoft), 
Abridge, Suki.

• Strong specialty/startup 
entrants: Heidi Health, 
DeepScribe, Augmedix.



Decision Support

Screenshot from 09/06/2025



Decision Support

Screenshot from 09/06/2025



Imaging

• Google Health AI Developer Foundations

https://developers.google.com/health-ai-developer-foundations/



Pathology

• PathAI platform

https://www.pathai.com/



Physical Exam

• 1452 patients, 391 had Parkinsons, AI detected Parkinson’s ~88% 
accuracy.

DOI: 10.1056/AIoa2400950



Protein Modeling

• Google AlphaFold
– Predicts 3D protein structures from amino acid sequences

– Accelerates biology and drug discovery

https://www.alphafold.ebi.ac.uk/entry/A0A089RQF2



Regenerative Medicine
• Yamanaka Factors (OCT4, SOX2, KLF4, c-MYC) – 2012 Nobel Prize discovery; reprogram adult 

cells into pluripotent stem cells

• Natural factors → inefficient & cause genomic instability → limits therapeutic use

• ~20 years of slow progress with traditional methods, due to astronomical number of possible 
protein variants to consider

• OpenAI + Retro Biosciences used GPT-4b micro to redesign SOX2 & KLF4 → 50× higher 
pluripotency in months

https://openai.com/index/accelerating-life-sciences-research-with-retro-biosciences/



AI Agents
• Chatbot: answers one question 

• Agents: carries out multi-step tasks — with human approval for critical 
steps

• Email Agents – manage inbox, draft/reply, summarize

• Browser Agents – navigate the web, gather info, fill forms

• Coding Agents – e.g., Cursor: write/debug code, run tests, suggest 
improvements

• Office Productivity Agents – schedule meetings, generate reports, 
coordinate tasks (Microsoft Copilot, Google Gemini apps)
– Google Sheets: =AI(prompt, [range1], [range2], ...)

– Excel: =COPILOT(prompt, [context1], [prompt_part2], [context2], ...)



ChatGPT Agent



EHR Agents
• Epic: Agents for clinicians, 

revenue cycle, and patients

• Oracle Health (Cerner): Voice-
enabled assistant: can listen in 
on visits, draft notes, and place 
orders

https://www.epic.com/software/ai-clinicians/
https://www.oracle.com/health/clinical-suite/clinical-ai-agent/



AI Risks in Medicine

• Errors & Hallucinations
– Fabricated references or “confidently wrong” answers
– Risk of diagnostic or treatment errors if unchecked
– Can amplify existing mistakes in documentation

• Legal & Liability Issues
– Who is responsible if AI advice leads to harm — physician, 

institution, or vendor?
– Malpractice implications still undefined
– Regulatory standards (FDA, CMS, state boards) still evolving

• Ethical Concerns
– Transparency: “black box” models make decisions hard to 

explain
– Patient consent & trust in use of their data



Hallucinations

• Hallucinations = statistical 
artifacts (from training), not 
bugs

• Current models reward 
guessing

• Fix: Reward admitting 
uncertainty?

https://openai.com/index/why-language-models-hallucinate/



Hype Cycle?

• We are in a hype cycle, but where 
are we? 

• GPT-5, Grok-4, Claude Sonnet 4: 
Trough of disillusionment

• Gemini 2.5 Pro: Peak of Inflated 
Expectations



Future Directions

1. AI embedded in daily 
tech + EHRs

2. Agentic workflows

3. Multimodal inputs 
(history, labs, imaging, 
pathology, genomics)

4. Regulatory evolution and 
guidance.

5. Workforce impact: 
efficiency ↑, burnout ↓



Practical Tips

1. Set up 2+ AI accounts (ChatGPT, 
Gemini, Claude, Grok)

2. Test an ambient scribe (check with your 
IT team, or use AI to help pick one)

3. Try decision tools (OpenEvidence, Vera 
Health)

4. Practice structured prompting for 
better results

5. Use AI to summarize journal articles



Discussion / Q&A
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