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Summary of the Laws on Imaging Result Release

21st Century CURES Act SB1419

Federal law
Took effect 10/2020

Immediate release of results to electronic patient
portal

B !

 Have a consistent, reliable
automated flagging
workflow that complies with
both state and federal
regulations

California state law
Enacted 10/2022, Took effect 01/2023

Imaging scan results that reveal a new or recurrent
malignancy shall not be released to the patient
portal until discussion with the patient by a healthcare
professional

BN

 Create an Al/NLP program
to automatically analyze
imaging reports and
determine which to be held
or released to patient portal
N J
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Manual Workflow: Overview
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Radiology ‘PI-RADS 2’
reports K /

« Dictate phrase ‘SB1419’ at the bottom of the
IMPRESSION section of the report.

« EHR will analyze for phrase dictated in reports from
different reporting platforms (i.e. PowerScribe,
CareConnect, and MagView)

« Manual flagging of reports to be held is onerous,
prone to inconsistency, and difficult to standardize
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Hold release for
5 business days

Immediate
Radiologist Release
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Enter Findings Mode

New mass concerning for malignancy

report presented here.

[I, Ruthie Radiant, M.D., have reviewed this radiological study
personally and | am in full agreement with the findings of the
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Automated Workflow with Al: Overview

| fg Yr—>< Positive >_\ e Hold release for 5 days
Radiology NLP Text Contains Yes CS,TSQS % €s
Reports Extraction RADS?38 Posilive? No
;,< Negative > @ Immediate Release
No
Y
Contains :
Zoniay ’\ No ..< Negative ) @ Immediate Release
Terms?
yes Final Prediction
Rule-Based System ﬁ @
Deep Learning @ S YEHS > Positive > Q Hold release for 5 days
Text Extraction __—-% Model ¥ No
> Negative > By @ Immediate Release

3B Pre-existing malignancy classification schemes (i.e. BI-RADS, LI-RADS)
* Positive defined as > 50% probability of malignancy on malignancy classification schemes (i.e. BI-RADS > 4, LI-RADS > 4)

¢ Pre-selected 12 most common keyword stems: Malignan, Cancer, Neoplas, Tumor, Carcinoma, Metastatic, Metastas,

Lymphoma, Sarcoma, Leukemia, Melanoma, Lymphoproliferative
+ Training dataset labeled by physician informaticists was used to train the deep neural network (DNN) model
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Data Preparation for Hybrid Machine Learning Model
Pre-Modeling Phase

. Deep Neural Network Modeling Phase

{L

Data

Collection

‘j/ MagView

Radiant

care CONNECT

Radiology applications
sending real-time data
to EHR CareConnect

Data Cleaning

{(\\RTFT\\EPIC10202\\ANSI\\SPL
{\\COLORTBL ;\\PARD\\PLAIN\
quis venenatis. Nullam lobortis
\\PAR\\PAR Nullam velit tortor,
luctus laoreet augue, aliquet sa

Handling rich
text formats

IMPRESSION: ....... Appendix (based on U
detection = 47% ,Sensitivity for tumors
CDR MR/US Fusion Biopsy CDR,PI

44% PI-RADS 3: 23%

64%,PI-RADS 5: 94% Pl
Removing
appendixes

Exploratory
Data Analysis

OHIA NLP Predictive Model for SB1419 Regulation
Link toregulation:hitos:/leginio leaislature ca gov/faces/bilPdf xhua

:::::

Daily volume of reports

Modality

Distribution of imaging
reports

Data

Engineering

* Normalize the text
vocabulary

» Case folding- reduce
all letters to
lowercase

* Lemmatization-
reduce inflected
words to root words

* Removing stop
words

* Tokenization using n-
gram

* Term Frequency-
Inverse Document
Frequency: evaluates
the frequency of
words to determine its
relevance in a given
document

Data Spilitting

Labeled
data
n=2,677

Development Set

»

75%

Test Set

25%
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Model Development: NLP Deep Learning
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NLP Data Engineering

l

Feature Extraction
(translate to Machine Language)

Radiology Reports

Input Laver

Output :
Yo is used for not
holding reports
y; is used to hold the
radiology reports
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Deep Neural Networks’ structure is designed to learn by multi-
connection of layers (each layer only receives a connection from
the previous and provides connections only to the next layer)
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Model Training and Validation
Prepare training dataset from reports Apply Al model to reports
(12/01/2022-12/31/2022) (01/19/2023-02/12/2023)

e —
Source data
N=61K

Validation data
(1119 - 2/112)

[ Document normalization } N=49,318
v Y
Rule #1
Containing RADS Rule #1:
classification o Yes . —
categories Containing N=5,982 (1296) NLP Text Pasitive
T RP‘_DS_ ' extraction N=293 (4.9%)
f Yes No classification
categories
( N=8345 ) N=53k —
Y No Negative

N=5,689 (95.1%)

containing 12 malignancy
related clinical keywords

‘—Yes—LNu

_ True Negative
N=4.5K N=48,074

Reviewed by 22 physician informaticists
and manually labelled each reports

‘ Rule #2 ‘

N=43,336 (88%)

Total Positive in 3 wks
N=1,289 (2.6%)

Positive
N=096 (29%)

:

Rule #2
containing 12
malignancy
related clinical

keywords

NLP text extraction

N=2,005 (6%) DNN model

Negative
N=2,438 (71%)

J

Negative Positive Negative Positive
N=8,004 N=341 N=1,403 N=274

> Negative B
. N=24,819(82%)
Random sample VY Random sample
of N=500 Labelled data for of N=500
...................... » DNN model de\;empmem - ettt
N=2,677
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Model Evaluation
Applying Al Model Evaluating Performance

* Daily dashboard of Al model applied on reports «  Combining model output from both DNN and
that resulted from 01/19/2023-02/12/2023 rule-base NLP
T T Oy W oa0s o,  Dataset: 25% of data from 12/01/2022-
| 12/31/2022 (N=61K)
i&tj‘“SB.“lI-"“lB. “51-[‘“4}'. "58”“81. 98 26 25 65 80 8 110 77 16 EE 71 100 80 81 25 1 LabeITruth
True_Negative True_Positive
« Atotal of 1,289 (2.6%) reports were positive and Negative 27
met the criteria for hold, with 996 reports Prediction -
identified from the DNN NLP and 293 reports postive > =
from —RADS rule NLP, respectively.
Total Orders ) , , , , SE (Recall) 0.8336
1,289 (2.62) Orders by Positive and Negat jhfe Prediction by Algorithm Logic sp 0.9958
. e e PPV (Precision)  |0.6857
4o 218 P NPV 0.9981
! < 20,000 . ACC 0.9940
- ”96 23 F1-Score 0.7524
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Model Monitoring

System Monitoring

« CareConnect build to notify
users of system failure

ew Help
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Performance

Monitoring

 Periodically review of model
performance post deployment

» Analyze for data drift or
performance deterioration

® Fastors 18 2021 @ Faalss 1 in 2019
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Business

Monitoring

e Evaluate how the model
impacts the business with
dashboards
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EHR Workflow Integration

d Awaiting fu rther development Result  Standard Resulis Encounter PatientInfo Vitals/Labs Meds/Prob My Last Note Appis Help Future Orders: KAL Results Last 2 Notes IPJAMB
by EpIC EHR to Incorporate .' @ - wDone + 4= = G | L ResutMomt 45 Result Note Normal «-~ o
AI mOdeI |nt0 Rad|ant JeﬁRa(ﬁant [5l CT abd+pelvis w contrast Order: 1542021
WO rkflow to pe rfo rm hOId ~.-.w:1§;e13§;°' o hbi [5[&1LI52 Final result Visible to patient: No (scheduled for 12/27/2022 1:16 PM]] Dx: Chest pain at rest

functionality esoommsta || O Result Notes
;3;;u;i;:;n5”*" G
« Status of released or held g Reading Date Result Priority

Phys, Nuclear Medicine, MD 12/20/2022 Routine
L 555-555-5555
E=310-825-6301

reports visible to providers

PCP: Johnson, Eric E, MD Marrative & Impression
Primary Cvg: Anthem Blue Cros... CT ABD WO+W CONTRAST
MEXT APPT

[ With Urelogy
12/2272022 =t 2:30PM

CLINICAL HISTORY renal protocol, characterize renal mass fully
COMPARISON: CT urogram dated 2/12/2022 from an outside institution.
Code: FULL {ro ACP docs)

ective Filed?: No TECHNIQUE: On a multirow-detector CT scanner, a volumetric pre- and post-contrast scan was perfol =«
e the liver in the artenal, portal venous, and delayed phases

Exam Ended: 12/20/22 13:08 Last Resulted: 12/20/22 13:09

B] Order Details ¢ View Encounter W Lab and Collection Details =3 Routing D Result History

Result Care Coordination
§~ Patient Communication
X Not seen

@ 12/27/2022 1:16 PM Release Now #

View Encounter Conversation

Back to Top
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