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Few Al Clinical Tools Have Demonstrated Clinical Benefit
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Improving Human Understanding

Blackbox nature: healthcare workers distrust these tools, leading to limited use

Al Chatbots may help
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sections from sources of medical model through natural language
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Goals

We want to develop interpretable
clinical risk machine learning
models that are robust to
distribution shifts and can transfer
across hospitals
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We want the clinical risk machine
learning models to be implemented

into the human clinical workflow
effectively



Introducing



Our Vision — Artificial Intelligence as a Team Member

e Automatic extraction of structured and
unstructured data from the electronic
health record

e Direct interaction via natural language
with model regarding risk stratification

e Dynamic, interpretable risk computation

e Dynamic interaction of patient
management recommendations
according to medical guidelines




GUT-GPT

Naturalistic Human-Machine Interaction
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Workflow
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anticoagulants Learning Model
increase the LLl\? 2
risk of Gl I-nter ace
bleeding? with Model
) v
Classifier @ B
ConteXtuaI DeCiSion Support LLM 3 rCGChnlcalGuMellne: Upper Gastrointestinal and
A: Yes, anticoagulants with Reference Guidelines Guidelines 3o e

have been consistently
associated with an
increased risk...

LLM 4: Synthesizer



Adapting Large Language Models (LLM’s)
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Fine-Tuning In-Context Learning

|
|
e Involves additional training on I ¢ Examples are provided in the
model parameters to update ' prompt and can use LLM as is
pre-trained weights : e Done at inference time
e Requires access to model I

. Our choice
architecture _
o Ex: BloombergGPT, Medical Bert-QA
Why?
e Few shot learning has already been shown to perform well (Brown et al.,
NeurlPS 2020)

e Fine tuning is expensive



Task 1: Guidelines



What are medical guidelines?

& Thieme

Endoscopic diagnosis and management of nonvariceal upper
gastrointestinal hemorrhage (NVUGIH): European Society
of Gastrointestinal Endoscopy (ESGE) Guideline - Update 2021

ESGE
. Guidelines]
ACG Clinical Guideline: Upper Gastrointestinal and Asia-Pacific working group consensus on non-variceal
Ulcer Bleeding opeNaccss  UPPer gastrointestinal bleeding: an update 2018

Joseph JY Sung," Philip WY Chiu," Francis K L Chan," James YW Lau," Khean-lee Goh,?
Loren Laine, MD, FACG*2, Alan N. Barkun, MD, FACG?, John R. Saltzman, MD, FACG*, Myriam Martel, MSc? and Lawrence HY Ho, Hwoon-young Jung,* Jose D Sollano, Takuji Gotoda,®
Grgancsi eorads; MD; FD? Nageshwar Reddy,” Rajvinder Singh, Kentaro Sugano,” Kai-chun Wu, "

Chun-Yin W, " David J Bjorkman,'? Dennis M Jensen,' Ernst J Kuipers,"*
Angel Lanas'®

Gold standard in patient management recommendations
for each geographic macroregion



Pre-processing the Clinical Guidelines
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Retrieval of Guidelines
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What do the Asia Query embedding

Pacific guidelines
recommend to Past-andoscopic managemant
Statement 9: As an adjunct to endoscopic reatment, high-dose oral
proton pump inhibitors can be used to prevent rebleeding
p reve nt (Accept—agreement: 83.9%, level of evidence: moderate)
. The use of intravenous high-dose proton pump inhibitors
OSt-e n d OSCO |C (PPIs) has become standard practice in the management of
p p upper gastrointsstinal bleeding. At least three randomised
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action in preventing recurrent bleeding from peptic ulcers.
A study from Hong Kong recruited 118 high-risk patients
itk Focsest: 1 o Hafl: pephic-ulsor Blosiliog i réouvs
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IV esomeprazole group and 6.4% in the oral esomeprazole
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“You are a GutGPT, an expert in
gastroenterology conversing with a

What do the Asia medical expert regarding a patient.

Pacific guidelines T Your task is to answer a question —_—
based on the guidelines provided...”

recommend to
prevent .
. “In your answer, summarize the
post-endoscopic i A
ing?
bleeding? that supports your answer...”

-

{Retrieved Text} “According to the

Asia-Pacific guidelines, the
use of high-dose proton
pump inhibitors (PPls) may
reduce the risk of recurrent

\ bleeding...” )

Format the reference according to
the custom formatting strategy ...
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evidence provided in the guidelines :
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Retrieved Text Engineered Prompt Ingest & Generate Response



Task 2: Risk Assessment



Machine Learning Model

o Predict whether patients require a hospital-based intervention or
can be safely discharged to outpatient care

e (Composite) Outcome

o 1: Intervention required (red blood cell transfusion, endoscopic or hemostatic
intervention) or 30-day mortality
o 0: No intervention required

Metrics: AUC and TNR at a 99% sensitivity threshold
Data: EHRs from patients suspected of acute Gl
bleeding in the Yale New Haven Health System

(YNHH)
o Training: St. Raphael, York St. campuses (n = 3,364)
o Test: Random split from training (n = 1,127)
o External Validation: Bridgeport campus (n = 1,197)




Challenge: EHR data is high-dimensional

e Code classes: (p =6,714)
o Demographics (age, sex)
o Nursing assessment
o Personal medical history (PHE, CCS, ICD codes)
o Lab tests
o Medications

e Embedding methods: principal components analysis, canonical correlation
analysis, variational autoencoders, 2-layer neural net, LASSO

e Estimators: LASSO, XGBoost, random forests with honesty, 2-layer and
S-layer neural networks

O(100’s) of data-embedding-estimator combinations applied!



Machine Learning Model

Selected model: LASSO “embedding” with random
forest with honesty

Still a black box model

Embed predictive model in a dashboard:

1) GutGPT chat interface

2) Interpretability metrics to guide model logic
3) Query model with hypothetical patient values

Our model
AUC TNR
Test 0.9134 0.3156
Ext. Valid. | 0.9120 0.3316
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GutGPT Learn More Use the Model

What is this patient's risk for Gl bleeding?

The patient's predicted risk for a hospital-based intervention is 40.0%. Of the 100 most similar patients in the
training data set, 47 required a hospital based intervention. The American College of Gastroenterology (ACG)
guidelines recommend a sensitivity threshold of 99%. Since the predicted risk is above 10.5% (the 99%
sensitivity threshold), then the patient may require admission. Note this algorithm is unable to access any findings
you may find on history and physical exam; furthermore, it can only use the diagnoses that are indicated via ICD
codes already in the patient's chart. This algorithm also only takes the first recorded vital signs in the chart and
does not incorporate any vital signs taken after the first values are measured and recorded.

What are the most important features that led to this prediction?

The important features for predicting the risk of gastrointestinal bleeding are age, sex, and pulse. These
features are ranked in order of importance, with age being the most important, followed by sex, and then
pulse. Age: The value of age for a particular patient is 60, which is lower than the average age of patients in
the training data, which is 63.1. This means that the patient is relatively younger compared to the average
patient in the training data. Younger age may suggest a lower risk of gastrointestinal bleeding. Sex: The value
of sex for the patient is 0, which is the same as the average value in the training data. In this case, a value of
0 represents female, and a value of 1 would represent male. Since the value is the same as the average, it
means that the patient is female, and gender does not contribute significantly to predicting the risk of
gastrointestinal bleeding. Pulse: The value of pulse for the patient is 90, which is slightly lower than the
averaae pulse of patients in the trainina data. which is 91.5. Pulse is a measure of heart rate. In this case. a

Ask questions about the model predictions, guidelines, or Gl bleeding risk in general.



GutGPT

Learn More

Use the dropdowns to select a plot type and what factors to examine.

Chart Type

PDP

Factor 1

Age

Composite Outcome
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0.42

X w
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Condition on Other Factors
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Use the Model



GutGPT

Risk assessment
Of the
100
most similar patients,
69

required a hospital based intervention

Overall risk of Needing Hospital-
Based Intervention:

0.642

Adjust model inputs

Demographics A
Age
0 a 150
Sex
Female X v
Physical Exam v

Relevant Laboratory Values v

Learn More

Change in predicted risk with important features

Feature 1: haemoglobin Q i}
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Composite Outcome
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Use the Model

Feature Distributions

Feature 1: haemoglobin with value: 100

0.012
Training Values
0.01
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0.006

Density

0.004
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Feature 2: age with value: 36
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Gut-GPT as a Team Member — Validation (Trust)

(Clinical Trial #NCT05816473)

e Design clinical scenarios to address current
recommendations of the guidelines

e Population: Residents (emergency medicine and =
internal medicine), 3rd/4th year medical students

e Randomized controlled trial
o Arm 1: Access to GutGPT + Dashboardl Interface
o Arm 2: Access to Dashboard Interface
e Outcomes:
o  Trust in Usability Attitude (UTAUT)
o Qualitative Usability Study




Gut-GPT as a Team Member — Validation (Accuracy)

e Design prompts (questions, clinical scenarios) that address current guideline
recommendations (e.g., risk stratification, transfusion thresholds, endoscopy
timing, hemostatic intervention, etc.) based on the Issuing Medical Society
(ACG, European, Asia-Pacific)

e Similarity index: compare answers provided by GutGPT and by world experts
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