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What are clinical notes? Why are they 
important?

• Clinicians often document:
 Patient information (e.g., history, demographics)

 Medications

 Symptoms

 Planned surgical procedures

 Lab tests and observations

• Most information can be stored as structured Electronic 
Health Records (e.g., patient demographics). 



What are clinical notes? Why are they 
important?

• But not all information could be contained as structured 
data.

• Clinical notes are text-based. 

• Documents information that cannot be captured in a 
structured tabular format (e.g., planned surgical procedure 
details). 
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LLMs in perioperative care

• Continuum of care surrounding surgery

• Planning designed to reduce risks, support healing, and improve patient outcomes.

What is perioperative care?

Image from CCI Anesthesia 

Image from Center of perioperative care



LLMs in perioperative care

• Many adverse surgical outcomes and complications 
are preventable. 

 Death upon discharge

 Blood clots

 Pneumonia

 Delirium (confusion, disorientation)

Why is peri-operative care important?



LLMs in perioperative care

• Peri-operative care ensures comprehensive medical 
support provided before, during, and after surgery:

 Additional preoperative assessments (e.g., lab 
tests)

 Enhanced surgical preparation

 Discharge planning

 Shared decision-making

• Reduces likelihood of adverse outcomes. 

Why is peri-operative care important?



LLMs in perioperative care

• A review by the Center of Perioperative Care, 
reveals that :

Reduce hospital stays by an average of 2 days

Reduce surgical complications by 30% to 80%

These far exceeds drug or surgical interventions

Why is peri-operative care important?



LLMs in perioperative care

What can LLMs in peri-operative care do?



LLMs in perioperative care

• Anticipatory management for 
perioperative contingency planning.

• Pre-emptive and early identification 
of risk factors. 

• Reduced hospital stays and 
complication risks. 

Why predict post-operative complications?

Image from CCI Anesthesia 
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The large language model (LLM) era

• Words, language and texts are complicated. 

• Why?
➢Context is important 

“Charles is giving a guest lecture today. He is excited.”

➢Polysemy: Same word can have different meanings
“  River bank ≠  Financial bank”

• Modeling them is complicated

What is the big deal of LLMs?



The large language model (LLM) era

• Before LLMs, most models treated words independently. 

• This all changed with LLMs:
Attention architecture

Training models on the texts from the internet

What is the big deal of LLMs? Attention in 
transformers

Image from LM Po  via Med ium

Image from LM Po  via Vaswani  et al. 



The large language model (LLM) era

How do these models learn?

Image from H uang



Not so 
fast!



Challenges (pt 1) 

• Language models are pre-trained on text from 
the internet. 

• Language of the web ≠ syntax of clinical notes

• Clinical notes contains distinct jargon, medical 
abbreviations and clinical terminologies

The syntax of clinical notes differs from spoken language



Challenges (pt 1) 

Examples:

➢‘pt’ → ‘patient’ 
(not “Physical Therapy” or “Point” )

➢‘PE’ → Pulmonary Embolism
(not “Private Equity” or “Physical Education”)

The syntax of clinical notes differs from spoken language



Challenges (pt 2) 

• Clinical notes are not readily open-sourced 
or abundant.

• Due to privacy concerns (e.g., HIPPA)

• Makes adapting these language models to 
clinical domains challenging

LLMs in clinical care is a low-resource domain

Image from IT Governance USA

Generic text can be readily trained from internet data. 
This is something that could not be easily done for clinical notes. 



Aren’t language models strong 
enough to contextualize to 

medical corpora?



Diving deep into language models

Case #1

Clinical Note
“Pt has hx of PE”

Tokenization → [“pt”, “has”, “hx”, “of”, “pe”]

Mis-contextualizes ‘Pt’ as ‘Point” or “Physical 
Therapist” 

Same for “hx” and “pe”

Too much contextual mis-understanding 
→ Mis-contextualizes entire note

What happens inside the language model?



Diving deep into language models

Case #2

Clinical Note
“Hydrochlorothiazide 

25 mg PO daily for 
HTN”

Terms like Hydrochlorothiazide are long 
and unrecognized

Tokenized into sub-words 
→ [“Hyd”, “ro”, “chlor”, “oth”, “iaz”, 
“ide”] 

Miscontextualizes “chlor” associated with 
“chlorine” in chemistry  

What happens inside the language model?



Existing solutions

Training on adjacent corpora

PubMed Medical Information Mart for Intensive Care (MIMIC-III) 

Image from Wikipedia



Existing solutions

Training on adjacent corpora

PubMed Medical Information Mart for Intensive Care (MIMIC-III) 

Image from Wikipedia

Exposing the model to clinical text, terminologies, and 
abbreviations!



Problems:
• No clinical notes are alike!

• Still a gap in the corpora of clinical notes and what is published 
on PubMed

• Databases like MIMIC censors crucial “sensitive information” 
→ often-times patient specific abbreviated conditions 
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Work with Drs. Bing Xue, Thomas Kannampallil (Medicine) , Joanna Abraham (Medicine), Chengyang Lu



Settings and design

• 84,875 historical clinical notes and outcomes from 
Barnes Jewish Hospital 

• From the pre-operative clinical notes, can it predict 
the following adverse post-surgical outcomes:

Death 30-days after getting discharge.

Pneumonia

Delirium

Acute Kidney Injury

Deep Vein Thrombosis

Pulmonary Embolism

Image from Barnes  Jewish



Do Clinical LLMs really help?





Results

Pretrained LLMs hold promise in 
predicting postoperative risks
→ 33% increase in sensitivity over 

traditional NLP methods 



Methods  

Using pre-trained model vs self-supervised training

We are essentially taking these pretrained Clinical LLMs and “adapting” them to our very own notes.



Self-supervised loses

Recap from a few slides above





Results

Increase in self-supervised 
training highlights gaps in 

corpora of pre-trained models 
and clinical notes.  

Why? 
• Clinical LMs may have been exposed to clinical texts, abbreviations and terminologies.

• But it may not be precisely identical to what is seen in our own clinical notes.
• We adapted these Clinical LLMs, ‘familiarizing’ them with the text of our clinical notes



Methods 

Foundation models

✓Foundation models via 
multi-task learning

✓Knowledge sharing across 
all outcomes

✓Unified model can predict 
multiple outcomes



Results

Finetuning with labels incorporated 
can further boost performances

Why? 
Tokens linked to specific outcomes are effectively represented



Results

Unified foundation model 
showcase superior performances. 
→ 39% increase in sensitivity compared 

to baseline

Why? 
Knowledge sharing across outcomes via multi-task learning





Why foundation models?

✓Superior performances: generalize across outcomes

✓Versatility: A single model can predict multiple 
outcomes simultaneously.  

✓Efficiency: Tuning one model for 6 outcomes is more 
efficient than tuning six models for each outcome

Beyond performances, what are the other practical benefits if we 
were to ever embed this into clinical workflows?



Predicting potential post-
operative risks with better 
performances are great! 



But how do I really know if your 
model has truly adapted to my 

clinical notes?





Okay, anticipating these risks 
are great, but how do I know 

which terms elicit certain 
predictions?



Explainability 
with SHAP!

Keywords of procedures / 
organs commonly linked with 

associated risks!



Limitations 

Clinical limitations
• Will physicians trade these foundation models with 

simpler tools (e.g., NSQIP ACS Risk Calculator) which 
they are accustomed to?

Methodological limitations
• Will these scale with larger models (e.g., llama)?

→ Trade off: incremental performance improvement vs 
additional resources

•   Fairness: small subsets of certain populations make 
it challenging to measure fairness

Share your thoughts, ideas 
and suggestions in the 

critique!
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Datasets

• MIMIC-III: https://physionet.org/content/mimiciii/1.4/ 

• MIMIC-IV: https://physionet.org/content/mimiciv/3.1/ 

https://physionet.org/content/mimiciii/1.4/
https://physionet.org/content/mimiciii/1.4/
https://physionet.org/content/mimiciii/1.4/
https://physionet.org/content/mimiciv/3.1/
https://physionet.org/content/mimiciv/3.1/
https://physionet.org/content/mimiciv/3.1/


Packages

• Pytorch (must have!)

• Transformers (must have!)

• Datasets (must have!)

• Tokenizers

• huggingface_hub

These are must-have packages for any LLM project!

Image from Pytorch.com

Image from Hugging Face



Sites

• Huggingface: https://huggingface.co/ 

• Ollama: https://ollama.com/ 

Where can I find open-sourced models?

Image from Hugging FaceImage from Ollama

https://huggingface.co/
https://ollama.com/


Tutorials

• HF “Intro to LLM course” : 
https://huggingface.co/learn/llm-course/

• Google's ML Crash Course : 
https://developers.google.com/machine-
learning/crash-course/llm

I am new to LLMs. Where can I learn about LLMs?

https://huggingface.co/learn/llm-course/
https://huggingface.co/learn/llm-course/
https://huggingface.co/learn/llm-course/
https://developers.google.com/machine-learning/crash-course/llm
https://developers.google.com/machine-learning/crash-course/llm
https://developers.google.com/machine-learning/crash-course/llm
https://developers.google.com/machine-learning/crash-course/llm
https://developers.google.com/machine-learning/crash-course/llm


Tutorials

• SurgicalPLAN package: 
• Website & documentation: 

https://websites.washu.edu/surgicalplan/ 

• PyPI package: 
https://pypi.org/project/surgicalplan/ 

Want use the same methods presented here in your project?

https://websites.washu.edu/surgicalplan/
https://pypi.org/project/surgicalplan/
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Go to this link: https://shorturl.at/oDhC7  

https://shorturl.at/oDhC7


Thank you!



Questions?
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