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4 of 5 largest companies
• Apple
• Microsoft
• Google/Alphabet
• Amazon



• About 50% of health systems and hospitals had negative margins in 2022

• 1/3 of health care is waste*

• 10% to 20% of care is low-value care**

• Care evidence-based 50% of the time****

• 80% to 90% of costs are directly or indirectly determined by clinical 
decisions

• Quality determined by clinical decisions

• To improve quality of care and reduce costs at scale…

•*PMID: 31589283 DOI: 10.1001/jama.2019.13978
•**JAMA Netw Open. 2021;4(2):e2037328. doi:10.1001/jamanetworkopen.2020.37328
***N Engl J Med 2023; 388:142-153
****N Engl J Med 2003; 348:2635-2645

https://doi.org/10.1001/jama.2019.13978


Predictors of Success Adjusted OR

Automatic provision of decision 

support as part of workflow

112

Provision of decision support at the 

time and location of decision making

15

Provision of recommendation rather 

than just an assessment

7

Computer-based generation of 

decision support

6

Source: Kawamoto K, Houlihan CA, Balas EA, Lobach DF. Improving clinical practice using clinical 
decision support systems: a systematic review of trials to identify features critical to success. BMJ. 2005 
Apr 2;330(7494):765. PMID: 15767266



• Production, updates, maintenance requires….

o Physicians

o Nurses

o Pharmacists

o Medical informaticists

• Labor costs are high

• Hard to scale

• There is a shortage of practicing nurses, pharmacists, and 

physicians





• Clinical content, Informatics Review

o Order sets

o Care plans

o Alerts

o Templates

o Diagnostic decision support

o Patient decision support

• Clinical content

• Very good, time saving

• Informatics/code (e.g., CQL, FHIR)

• Initial review, it got some codes wrong

• After training/fine tuning, getting better













inclusion criterion

Vitamin D test ordered

exclusion criteria

males age > 70 years OR females age > 65 
years

osteomalacia, vitamin D deficiency, 
osteoporosis, pathologic fracture, chronic 
kidney disease, intestinal malabsorption, 
cirrhosis, chronic liver failure, cystic fibrosis, 
inflammatory bowel disease, radiation 
enteritis, unspecified non-infections colitis, 
bariatric surgery, hyperparathyroidism, 
chronic pancreatitis, COPD,  obesity/BMI > 30, 
sarcoidosis, tuberculosis, histoplasmosis, 
coccidiomycosis, other fungal infections, 
beryliosis,  malignant lymphosarcomas, other 
malignant lymphomas, diabetes, history of 
falls

Visit related to pregnancy

Active anti-seizure, antifungal, anti-retroviral 
medications, glucocorticoids, or bile acid 
sequestrants

IF Lab test order = LAB535

NOT (gender = female AND age >= 70 years) OR (gender = male AND age >= 65 years)

NOT ICD-9 OR ICD-10 diagnosis codes
268.0, 268.1, 268.2, 268.9, 733.00, 733.01, 733.02, 733.03, 733.09, 733.10, 733.11, 733.12, 733.13, 733.14, 733.15, 733.16, 733.19, 585.1, 585.2, 585.3, 585.4, 585.5, 585.6, 585.9, 579.0, 579.1, 579.2, 

579.3, 579.4, 579.8, 579.9, 571.2, 571.5, 571.6, 572.2, 572.3, 572.4, 572.8, 573.0, 573.5, 277.00, 277.01, 277.02, 277.03, 277.09, 555.0, 555.1, 555.2, 555.9, 556.0, 556.1, 556.2, 556.3, 556.4, 556.5, 

556.6, 556.8, 556.9, 558.1, 558.9, V45.86, 588.0, 588.81, 252.00, 252.01, 252.02, 252.08, 577.1, 491.0, 491.1, 491.20, 491.21, 491.22, 491.8, 491.9, 492.0, 492.8, 278.00, 278.01, 278.03, 135, 010.00, 

010.01, 010.02, 010.03, 010.04, 010.05, 010.06, 010.10, 010.11, 010.12, 010.13, 010.14, 010.15, 010.16, 010.80, 010.81, 010.82, 010.83, 010.84, 010.85, 010.86, 010.90, 010.91, 010.92, 010.93, 010.94, 

010.95, 010.96, 011.00, 011.01, 011.02, 011.03, 011.04, 011.05, 011.06, 011.10, 011.11, 011.12, 011.13, 011.14, 011.15, 011.16, 011.20, 011.21, 011.22, 011.23, 011.24, 011.25, 011.26, 011.30, 011.31, 

011.32, 011.33, 011.34, 011.35, 011.36, 011.40, 011.41, 011.42, 011.43, 011.44, 011.45, 011.46, 011.50, 011.51, 011.52, 011.53, 011.54, 011.55, 011.56, 011.60, 011.61, 011.62, 011.63, 011.64, 011.65, 

011.66, 011.70, 011.71, 011.72, 011.73, 011.74, 011.75, 011.76, 011.80, 011.81, 011.82, 011.83, 011.84, 011.85, 011.86, 011.90, 011.91, 011.92, 011.93, 011.94, 011.95, 011.96, 012.00, 012.01, 012.02, 

012.03, 012.04, 012.05, 012.06, 012.10, 012.11, 012.12, 012.13, 012.14, 012.15, 012.16, 012.20, 012.21, 012.22, 012.23, 012.24, 012.25, 012.26, 012.30, 012.31, 012.32, 012.33, 012.34, 012.35, 012.36, 

012.80, 012.81, 012.82, 012.83, 012.84, 012.85, 012.86, 013.00, 013.01, 013.02, 013.03, 013.04, 013.05, 013.06, 013.10, 013.11, 013.12, 013.13, 013.14, 013.15, 013.16, 013.20, 013.21, 013.22, 013.23, 

013.24, 013.25, 013.26, 013.30, 013.31, 013.32, 013.33, 013.34, 013.35, 013.36, 013.40, 013.41, 013.42, 013.43, 013.44, 013.45, 013.46, 013.50, 013.51, 013.52, 013.53, 013.54, 013.55, 013.56, 013.60, 

013.61, 013.62, 013.63, 013.64, 013.65, 013.66, 013.80, 013.81, 013.82, 013.83, 013.84, 013.85, 013.86, 013.90, 013.91, 013.92, 013.93, 013.94, 013.95, 013.96, 014.00, 014.01, 014.02, 014.03, 014.04, 

014.05, 014.06, 014.80, 014.81, 014.82, 014.83, 014.84, 014.85, 014.86, 015.00, 015.01, 015.02, 015.03, 015.04, 015.05, 015.06, 015.10, 015.11, 015.12, 015.13, 015.14, 015.15, 015.16, 015.20, 015.21, 

015.22, 015.23, 015.24, 015.25, 015.26, 015.50, 015.51, 015.52, 015.53, 015.54, 015.55, 015.56, 015.60, 015.61, 015.62, 015.63, 015.64, 015.65, 015.66, 015.70, 015.71, 015.72, 015.73, 015.74, 015.75, 

015.76, 015.80, 015.81, 015.82, 015.83, 015.84, 015.85, 015.86, 015.90, 015.91, 015.92, 015.93, 015.94, 015.95, 015.96, 016.00, 016.01, 016.02, 016.03, 016.04, 016.05, 016.06, 016.10, 016.11, 016.12, 

016.13, 016.14, 016.15, 016.16, 016.20, 016.21, 016.22, 016.23, 016.24, 016.25, 016.26, 016.30, 016.31, 016.32, 016.33, 016.34, 016.35, 016.36, 016.40, 016.41, 016.42, 016.43, 016.44, 016.45, 016.46, 

016.50, 016.51, 016.52, 016.53, 016.54, 016.55, 016.56, 016.60, 016.61, 016.62, 016.63, 016.64, 016.65, 016.66, 016.70, 016.71, 016.72, 016.73, 016.74, 016.75, 016.76, 016.90, 016.91, 016.92, 016.93, 

016.94, 016.95, 016.96, 017.00, 017.01, 017.02, 017.03, 017.04, 017.05, 017.06, 017.10, 017.11, 017.12, 017.13, 017.14, 017.15, 017.16, 017.20, 017.21, 017.22, 017.23, 017.24, 017.25, 017.26, 017.30, 

017.31, 017.32, 017.33, 017.34, 017.35, 017.36, 017.40, 017.41, 017.42, 017.43, 017.44, 017.45, 017.46, 017.50, 017.51, 017.52, 017.53, 017.54, 017.55, 017.56, 017.60, 017.61, 017.62, 017.63, 017.64, 

017.65, 017.66, 017.70, 017.71, 017.72, 017.73, 017.74, 017.75, 017.76, 017.80, 017.81, 017.82, 017.83, 017.84, 017.85, 017.86, 017.90, 017.91, 017.92, 017.93, 017.94, 017.95, 017.96, 018.00, 018.01, 

018.02, 018.03, 018.04, 018.05, 018.06, 018.80, 018.81, 018.82, 018.83, 018.84, 018.85, 018.86, 018.90, 018.91, 018.92, 018.93, 018.94, 018.95, 018.96, 115.00, 115.01, 115.02, 115.03, 115.04, 115.05, 

115.09, 115.10, 115.11, 115.12, 115.13, 115.14, 115.15, 115.19, 115.90, 115.91, 115.92, 115.93, 115.94, 115.95, 115.99, 117.0, 117.1, 117.2, 117.3, 117.4, 117.5, 117.6, 117.7, 117.8, 117.9, 007.2, 503, 

200.00, 200.01, 200.02, 200.03, 200.04, 200.05, 200.06, 200.07, 200.08, 200.10, 200.11, 200.12, 200.13, 200.14, 200.15, 200.16, 200.17, 200.18, 200.20, 200.21, 200.22, 200.23, 200.24, 200.25, 200.26, 

200.27, 200.28, 200.30, 200.31, 200.32, 200.33, 200.34, 200.35, 200.36, 200.37, 200.38, 200.40, 200.41, 200.42, 200.43, 200.44, 200.45, 200.46, 200.47, 200.48, 200.50, 200.51, 200.52, 200.53, 200.54, 

200.55, 200.56, 200.57, 200.58, 200.60, 200.61, 200.62, 200.63, 200.64, 200.65, 200.66, 200.67, 200.68, 200.70, 200.71, 200.72, 200.73, 200.74, 200.75, 200.76, 200.77, 200.78, 200.80, 200.81, 200.82, 

200.83, 200.84, 200.85, 200.86, 200.87, 200.88, 201.00, 201.01, 201.02, 201.03, 201.04, 201.05, 201.06, 201.07, 201.08, 201.10, 201.11, 201.12, 201.13, 201.14, 201.15, 201.16, 201.17, 201.18, 201.20, 

201.21, 201.22, 201.23, 201.24, 201.25, 201.26, 201.27, 201.28, 201.40, 201.41, 201.42, 201.43, 201.44, 201.45, 201.46, 201.47, 201.48, 201.50, 201.51, 201.52, 201.53, 201.54, 201.55, 201.56, 201.57, 

201.58, 201.60, 201.61, 201.62, 201.63, 201.64, 201.65, 201.66, 201.67, 201.68, 201.70, 201.71, 201.72, 201.73, 201.74, 201.75, 201.76, 201.77, 201.78, 201.90, 201.91, 201.92, 201.93, 201.94, 201.95, 

201.96, 201.97, 201.98, 202.00, 202.01, 202.02, 202.03, 202.04, 202.05, 202.06, 202.07, 202.08, 202.10, 202.11, 202.12, 202.13, 202.14, 202.15, 202.16, 202.17, 202.18, 202.20, 202.21, 202.22, 202.23, 

202.24, 202.25, 202.26, 202.27, 202.28, 202.30, 202.31, 202.32, 202.33, 202.34, 202.35, 202.36, 202.37, 202.38, 202.40, 202.41, 202.42, 202.43, 202.44, 202.45, 202.46, 202.47, 202.48, 202.50, 202.51, 

202.52, 202.53, 202.54, 202.55, 202.56, 202.57, 202.58, 202.60, 202.61, 202.62, 202.63, 202.64, 202.65, 202.66, 202.67, 202.68, 202.70, 202.71, 202.72, 202.73, 202.74, 202.75, 202.76, 202.77, 202.78, 

202.80, 202.81, 202.82, 202.83, 202.84, 202.85, 202.86, 202.87, 202.88, 202.90, 202.91, 202.92, 202.93, 202.94, 202.95, 202.96, 202.97, 202.98, 249.00, 249.01, 249.10, 249.11, 249.20, 249.21, 249.30, 

249.31, 249.40, 249.41, 249.50, 249.51, 249.60, 249.61, 249.70, 249.71, 249.80, 249.81, 249.90, 249.91, 250.00, 250.01, 250.02, 250.03, 250.10, 250.11, 250.12, 250.13, 250.20, 250.21, 250.22, 250.23, 

250.30, 250.31, 250.32, 250.33, 250.40, 250.41, 250.42, 250.43, 250.50, 250.51, 250.52, 250.53, 250.60, 250.61, 250.62, 250.63, 250.70, 250.71, 250.72, 250.73, 250.80, 250.81, 250.82, 250.83, 250.90, 

250.91, 250.92, 250.93, 042, V22.0, V22.1, V22.2, V23.0, V23.1, V23.2, V23.3, V23.41, V23.42, V23.49, V23.5, V23.7, V23.81, V23.82, V23.83, V23.84, V23.85, V23.86, V23.87, V23.89, V23.9, V15.88, E885.9, 

E888.0, E888.1, E888.8, E888.9

NOT medication orders 
10440, 10441, 10443, 10444, 10445, 10446, 10447, 10448, , 10011, 10012, 10013, 10879, , 10015, 10016, 10017, 10018, , 3910, , 11074

NOT BMI > 30 kg/m2

THEN fire Best Practice Advisory with 11 override reasons



Fine Tuning
Experimentation
“… I was also playing around with order set generation, and GPT-3.5 actually made up 
some fake RxNorm codes (4.0 refused to give me the RxNorm codes and left 
placeholders). One cool thing I was able to do was give it a prompt to “Write a Python 
script that parses that JSON object and uses the NLM RxNorm web services to look 
up the correct RxNorm code or those medications.” and it did it, which was cool. It 
initially chose pretty random RxNorm codes, but then I told it to request PIN or IN 

codes, and it updated the program itself.”
Adam Wright, PhD
Vanderbilt



LLM Replaces

• NLP

• Extract concepts

• Relate concepts

• Map to codes

• Term sets

• Map logic to codes







JAMA Intern Med. doi:10.1001/jamainternmed.2023.1838



• Patient develops severe acute left hip pain while running long distance.   

He has a history of a previous stress fracture in his leg from running.   

Normal left hip X-ray.  Orthopedist orders an MRI.  Open notes includes 

recommendation of MRI.



1.Imaging: Proceed with the recommended MRI of the pelvis to evaluate for possible 
SI joint stress fracture, as well as an MRI of the lumbar spine to assess lumbar 
spondylosis.

2.Activity modification: Temporarily reduce or avoid high-impact activities like 
running, which may exacerbate the hip pain. Encourage low-impact exercises such 
as swimming or cycling to maintain fitness without aggravating the condition.

3.Pain management: Continue using over-the-counter anti-inflammatory 
medications, such as ibuprofen or naproxen, as needed for pain relief. Follow the 
recommended dosing and duration guidelines to minimize side effects.

4.Physical therapy: Once a definitive diagnosis has been made, consider referring 
patient to a physical therapist to develop a personalized exercise and rehabilitation 
program that addresses any muscle imbalances, flexibility issues, or core stability 
deficits contributing to his symptoms.

5.Follow-up: Schedule a follow-up appointment after the MRI results are available to 
discuss the findings, reassess the patient’s symptoms, and modify the treatment 
plan as needed.

Open Notes “cut and paste” into Chat GPT





• Randomized controlled trial
• GitHub Copilot vs. no Copilot
• (n=95 coders)
• Write JavaScript
• 55% increase in productivity
• Improved developer happiness
• (p<0.01)

https://github.blog/2022-09-07-research-quantifying-github-copilots-impact-on-developer-productivity-and-happiness/

A Precedent for Improving Coding?



• 7 alerts – suggestions for improvement

o 36 AI generated

o 29 human generated

• Gold standard independent group of 

humans

• Of 20 highest rated suggestions

o 9 generated by Chat GPT

o 11 by humans

• Improve health system CDS at scale



• Checks and balances

o Clinician reviewers between the information and the patient

o Clinician between the CQL/FHIR output and the EHR

o Clinician between the CDS and the patient





• Enterprise version

o Customize

▪ Standardized terminologies
• RxNorm, LOINC, SNOMED codes, etc.

▪ More content sources
• (e.g., PubMed articles)

▪ Clinical language model
• (e.g., GatorTron)

▪ EHR APIs
o Train

▪ Humans with feedback
o Multi-modal large language models

o When Chat GPT can consume all EHR information





it passes a simulated bar exam with a score around the top 10% of test takers; 
in contrast, GPT-3.5’s score was around the bottom 10%.





• Generative AI and LLMs hold great potential to improve 

clinical decision support

• Clinical content generation can improve efficiency

• Coding benefits from fine tuning/training

• Potential to…

o Reduce CDS creation, update, and maintenance costs

o Enable CDS at scale

• Potential impact….

o Better quality of patient care at scale

o Lower health care costs


