dWS
~—""

OMOP notes processing
with Amazon Comprehend Medical
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The Amazon Al/ML stack

Chatbots &
Vision Speech Language

Contact Centers
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AMAZON
SAGEMAKER

o BUILD TRAIN DEPLOY
ML Ser‘"ces Pre-built algorithms & notebooks One-click model training & tuning One-click deployment & hosting
Data labeling (GROUND TRUTH) Optimization (NEO)

Algorithms & models (AW S
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FOR MACHINE LEARNING)

Reinforcement learning
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ML Frameworks % TensorFlow PYTHRCH O Caffe2 €g» Chainer . ) Horovop (@ GLUON K Keras
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Demographics
Geography

Gender

e I o R cive HERD neg Health history

Age

Disease indicators
Anatomy
Symptoms
Diagnosis
Treatment
Test Name

< b o s e i . Test Result

Rx
Medication Name
Strength

Route

Allergies

No Known Medication Allergies

Home Medications

Frequency
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Amazon Comprehend Medical

%9_19 Gain insights from clinical notes i
N Read
clinical notes Detect
» Read clinical notes from the OMOP NOTE fg;g;ggg;; anedical =5
table. -
RStudio '__I // Coﬁ::?:ﬁ:nd
Server Medical

« Extract structured insights like medication,
procedures, symptoms, tests, and

Amazon EC2

AN

diagnoses. e
Structured Map text to
mEdicalc:nngt; SNOMED codes
« Map these insights to SNOMED and then NOTE_NLP table i SNOMED O
to an OMOP Standard Concept. Browser
« Write these insights into the OMOP
NOTE_NLP table. et

adWs
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Amazon Comprehend Medical

o000 8 Rstudio X @@ Comprehend X + g
& > C 1 A NotSecure | rstudio.ohdsisagemaker16.us-east-1.elasticheanstalk.com i

File Edit Code View Plots Session Build Debug Profile Tools Help wigginjs Amazon
Redshift

- R 2~ le/function * Addins ~ K| Project: (None) ~

© | comprehend-medical-omop.R “ call_comprehend_medical.py © | other_comprehend_medical_omop... Environfier Read

Source on Save G Source ~ He
#Source the DatabaseConnector::connect() call for my OMOP database

clinical notes

ohdsisagemz

source("~/omop-connection.R") mycdm from OMOP

e NOTE table —@

cdmDatabaseSchema <- "CMSDESynPUF1k"

#Show the contents of the OMOP Notes table
View(DatabaseConnector: :querySql(connectionDetails, paste@("SELECT * FROM ",cdmDatabaseSchema,”.note")))

#Reticulate is used to run Python code from within R Amazon

libraryCreticulate) RStudio Comprehend
#httr is used to make HTTP GET calls to SNOMED or RxNorm Medical
library(httr) Server

#jsonlite is used to parse the JSON response from the SNOMED or RxNorm servers.

library(jsonlite)

Woo~N WV A WN

Amazon EC2
#source the Python code to call Comprehend Medical
e <- environment()
reticulate: :source_python('call_comprehend_medical.py', envir = e)

#Set the minimum confidence score an inference must meet from Amazon Comprehend Medical to be added to the NOTE_NLP table. Structured Map teXt to
min_score <- @.80 . . .
medical insights | SNOMED codes {ﬁb
to OMOP =

#Set the constants for the REST interface for search the SNOMED ontology Files. [Fio!

base <- "https://browser.ihtsdotools.org/" Q& New Fold NOTE_NLP table
endpoint <- "api/snomed/en-edition/v20180131/descriptions” SNOMED CT

ome
8:1 (Top Level) + R Script + ~ Browser

Console  Terminal

Amazon
Redshift
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Amazon Comprehend Medical

®00® @ rstudo Comprehend g

& > C 1 A NotSecure | rstudio.ohdsisagemaker16.us-east-1.elasticbeanstalk.com

Amazon

File Edit Code View Plots Session  Build Debug Profile Tools Help wigginjs .
Redshift

Go to file/functior v Addins ~ K| Project: (None) ~
© | comprehend-medical-omop.R DatabaseConnector::querySql(conn... “ ' call_comprehend_medical.py © | other_comprehend_medical_omop.. Environfiier Read

Filter He clinical notes Detect

vE NOTE_TYPE_CONCEPT_ID NOTE_CLASS_CONCEPT_ID NOTE_TITLE NOTE_TEXT ENCODING_CONCEPT_ID LANGUAGE_CONCEPT_ID PROVIDER_Il ohdsisagem: from OMOP medica [[y
3:33:20.461175 44814645 21495732 BRUNSWICK GENERAL HOSPITAL SANDHILLS FAMILY M... 1 40639387 mycdm

relevant text
3:33:20.896549 44814645 21495732 LABAHN VETERINARY HOSPITAL NOTE HISTORY OF PR... 1 40639387 = N OTE ta bl'e
1

3:33:15.373335 44814645 21495732 BAHN VETERINARY HOSPITAL NOTE XXXXXXXX HISTO.. 40639387 <
3:33:20.687156 44814645 21495732 Visit Information OR Date : 12/04/2012 . Diagnosis : ... 40639387 A
mazon
3:33:21.420932 44814645 21495732 Fred Mills call to Dr Francis office for a review of labs:... 40639387 .
RStudio i::} Comprehend
Server | Medical

Amazon EC2

Structured Map text to
medical insights | SNOMED codes @b
to OMOP =

Files—. [Fio! NOTE_N LP table
© | New Folc SNOMED CT

ome

Showing 1 to 5 of 5 entries A Browser

Console  Terminal

> #Source the DatabaseConnector::connect() call for my OMOP database
> source("~/omop-connection.R")
Connecting using Redshift driver
cdmDatabaseSchema <- "CMSDESynPUF1k"
#Show the contents of the OMOP Notes table if
View(DatabaseConnector: :querySql(connectionDetails, paste@("SELECT * FROM ",cdmDatabaseSchema,".note"))) Redshift

Amazon

© 2018, Amazon Web Services, Inc. or its Affiliates. All rights reserved.




Amazon Comprehend Medical

v

LA ® Rstudio % @ Comprehend X <+ ]‘
& > C {) & https://console.aws.amazon.com/comprehend/v2/home?region=us-east-1#try-comprehend-medical o |
aWS7 Services v Resource Groups v * Q Administrator/wiggjame-Iseng... v  N.Virginia v  Support v ‘ 'l:n:‘a:‘ofrl
edasni

Insights 1o

Amazon Comprehend X Read

clinical notes

Real-time analysis Analyzed text from OMOP
Job management

2 LABAHN VETERINARY HOSPITAL NOTE HISTORY OF PRESENT ILLNESS Mr. Rickie Crestaisa 26 - year - old male NOTE table

Customization LABAHN VETERINARY HOSPITAL) ® Name (Rickie Cresta) O_Age (26)

Custom classification Diagnosis

Custom entity recognition with refractory ITP . INTERVAL HISTORY Mr. Burl Bickler was last seen on July 11th 2016, with Dr. RStudio
® Dx name (refractory ITP) ® Name (Burl Bickler) ® Date (July 11th 2016) SEI’VEI’

Comprehend Medical Menzel Eplett. Mr. Rubin Corrado has since started on romiplostim on May 13th 2007 . Despite the

: = ® Name (Menzel Eplett) ® Name (Rubin Corrado) © Generic name (romiplostim) @ Date (May 13th 2007)
Real-time analysis
Test value Test value

gradual dose increases in romiplostim , his platelet count has varied significantly , ranging anywhere Write
® Generic name (romiplostim) @ Test name (platelet count) @ Test value (varied significantly) Structured

o
3
o
>
-
7}
o
=

Detect
medically
relevant text

Amazon
Comprehend
Medical

Amazon EC2

Map text to

st medical insights SNOMED codes {ﬁb
Test value tO OMOP =

from 5 to almost 60,000 . Recently Mr. Rodrick Wideman missed a dose of romiplostim and his \| OTE_N LP ta ble
value (5 to almost 60,000) ® Name (Rodrick Wideman) ® Generic name (romiplostim) ¢

v

Dosage
Test value

Frequency

platelet count has decreased significantly since missing that dose . Currently , he is at 4 micrograms/kg
® Test name (platelet count) e Test value (de ifi age (4 micrograms/kg)

Amazon
Redshift

¥ Results (61)

Category: All v

@ Feedback (@ English (US) © 2008 - 2019, Amazon Web Services, Inc. o its affiliates. All rights reserved.  Privacy Policy ~ TermsofUse |
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Amazon Comprehend Medical

accessing SNOMED APIs within 5 minutes Table of contents RStUdiO
with some example code, for developers i
to see how to interact with SNOMED CT : Server

B [} SNOMED in 6 minutes by SNO' x -+ Amazon
& C 1Y @ NotSecure | snomedinSminutes.org & = Redshift
Read
clinical notes Detect
i i medicall
SNOMED in 5 SNOMED In 5 Minutes from OMOP : \
minutes NOTE table relevant text
This is an easy-to-use tutorial for accessing SNOMED APIs within 5 min.
This is an easy-to-use tutorial for / ——

“4]

Hu
. Lic

Write
Structured
+ top-level: aggregator for sub-modules (alphabetically): medical insig hts

to OMOP
NOTE_NLP table

ZIP File TAR Ball GitHub PrOject Structure

csharp-examples: examples with csharp (.net)
curl-examples: examples with curl
java-examples: examples with java
python3-examples: examples with python
This project is maintained by SNOMED javascript-examples: examples with javascript
Interna 2 model: JAXB-enabled classes for representing the RF2 domain
model
GitHub Pages — The st rest-client: a Java client for the REST services

are
International K minolo ridwide

Examples Amazon

Redshift

© 2018, Amazon Web Services, Inc. or its Affiliates. All rights reserved.
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Amazon Comprehend Medical
a

« > C O & https://console.aws.amazon.com/comprehend/v2/home?region=us-east-1#try-comprehend-medical g =
aWS7 Services v  Resource Groups v % [\  Administrator/wiggjame-Iseng.. v  N.Virginia v  Support v ::::Ias::;
{
Amazon Comprehend X hafhs (7). Read
"BeginOffset": 344, . . Detect
) _ "EndOffset": 358, clinical notes e
Ran tione anayshs "Score": 0.9135717749595642, from OMOP medically

Job management *dext’: "platelet count™,

"Category": "TEST_TREATMENT_PROCEDURE", NOTE table relevant text
Customization "Type": "TEST_NAME",
Custom classification "Tr‘ai'_cs“: , //
"Attributes": [ Amazon
Custom entity recognition { RStudio Comprehend
"Type": "TEST_VALUE", Server Medical
i "Score": ©.7299144864082336,
Comprehend Medical "RelationshipScore": ©.9999998807907104,
Real-time /sis bl o bttt 1K Amazon EC2
"BeginOffset": 363,
"EndOffset": 383,
"Text": "varied significantly", Write
Tratts 1 Structured Map text to
medical insights SNOMED codes {\b
"Type": "TEST_VALUE", to OMOP T'J'
"Score": 0.8073598146438599,
"RelationshipScore": ©.9999914169311523, NOTE_NLP table
"d*: 2, ¢ SNOMED CT
"BeginOffset": 408, Browser
"EndOffset": 426,
"Text": "5 to almost 60,000", <
"Traits": [] :?
Amazon
i d 267 Redshift
"BeginOffset": 442,
"EndOffset": 457,
"Score": 0.9309764504432678,
"Text": "Rodrick Wideman",
@ Feedback (3 English (US) © 2008 - 2019, Amazon Web Services, Inc. or its affiliates. All rights reserved.  Privacy Policy ~ Terms of Use aWS
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Amazon Comprehend Medical

LA ® Rstudio X @ Comprehend x| +

C Y @ NotSecure | rstudio.ohdsisagemaker16.us-east-1.elasticbeanstalk.com

File Edit Code View Plots Session  Build Debug Profile Tools Help wigginjs

Go to file/function v Addins ~ K| Project: (None) ~

©  comprehend-medical-omop.R # | call_comprehend_medical.py © ' other_comprehend_medical_omop... DatabaseConnector::querySqgl{conn... Environm@rit

Source on Save R *Run | *= Source ~ T ol
92 term_modifiers <- paste(term_modifiers, " ATTRIBUTE: ", attribute$Text,", ", "ATTRIBUTE_TYPE: ", attribute$Type, sep="")

Qx v far (ar+rihuts +rai+ in ar+rihi+alTrni+c) [

124:1  (Top Level) + R Script < t.. List

Global Env

Console  Terminal .o V.. List
Values
1 I 1ous Q.. NU..
Executing SQL took ©.324 secs “h..
[1] "Writing note_nlp record, ... Standard Concept 14095626, Lexical Variant: murmurs, Term Modifiers: CATEGORY: MEDICAL_CONDITION; TYPE: DX_NAME; TRAIT: SIGN; TRAIT: SR
NEGATION;" “h
1 | 10e% T
Executing SQL took ©.254 secs - "G
[1] "Writing note_nlp record, ... Standard Concept 14080683, Lexical Variant: rubs, Term Modifiers: CATEGORY: MEDICAL_CONDITION; TYPE: DX_NAME; TRAIT: SIGN; TRAIT: NEG RO
ATION;"
| | 10e%
Executing SQL took @.242 secs
[1] "Writing note_nlp record, ... Standard Concept 14199473, Lexical Variant: CHEST, Term Modifiers: CATEGORY: ANATOMY; TYPE: SYSTEM_ORGAN_SITE;"
1 | 10e%
Executing SQL took ©.252 secs
[1] "Writing note_nlp record, ... Standard Concept 14250192, Lexical Variant: Lungs, Term Modifiers: CATEGORY: ANATOMY; TYPE: SYSTEM_ORGAN_SITE;"
| | 100%
Executing SQL took ©.238 secs
[1] "Writing note_nlp record, ... Standard Concept 14264714, Lexical Variant: bilaterally, Term Modifiers: CATEGORY: ANATOMY; TYPE: DIRECTION;"
1 | 100% Files _Pivis
Executing SQL took @.233 secs
[1] "Writing note_nlp record, ... Standard Concept 14034054, Lexical Variant: ABDOMEN, Term Modifiers: CATEGORY: ANATOMY; TYPE: SYSTEM_ORGAN_SITE;"
| | 100%
Executing SQL took ©.239 secs
[1] "Writing note_nlp record, ... Standard Concept 14148764, Lexical Variant: Benign, Term Modifiers: CATEGORY: MEDICAL_CONDITION; TYPE: DX_NAME; TRAIT: SIGN;"
1 | 10e%
Executing SQL took @.842 secs
[1] "Writing note_nlp record, ... Standard Concept 14087620, Lexical Variant: EXTREMITIES, Term Modifiers: CATEGORY: ANATOMY; TYPE: SYSTEM_ORGAN_SITE;"
1 | 100%
Executing SQL took ©.443 secs
[1] "Writing note_nlp record, ... Standard Concept 14279382, Lexical Variant: clubbing, Term Modifiers: CATEGORY: MEDICAL_CONDITION; TYPE: DX_NAME; TRAIT: SIGN; TRAIT:
NEGATION;"
1 | 10e%
Executing SQL took ©.244 secs
[1] "Writing note_nlp record, ... Standard Concept 1438555, Lexical Variant: cyanosis, Term Modifiers: CATEGORY: MEDICAL_CONDITION; TYPE: DX_NAME; TRAIT: SIGN; TRAIT:
NEGATION;"
1 | 10e%
Executing SQL took ©.272 secs
[1] "Writing note_nlp record, 205... Standard Concept ID:433595, Lexical Variant: edema, Term Modifiers: CATEGORY: MEDICAL_CONDITION; TYPE: DX_NAME; TRAIT: SIGN; TRAIT: NEG

eILILIfIRIeIPIOILIPLIPLIPIE

© | New Foldel

Home

© 2018, Amazon Web Services, Inc. or its Affiliates. All rights reserved.
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Amazon Comprehend Medical

Test unit
Test value
Test unit
Test value

Weight : 158 lbs / 71.8 kg.
® Test name (Weight) ® Test value (158) ® Test unit (lbs) ® Test value (71.8) ® Test unit (kg)
NOTE_NLP_ID [NOTE_ID (OFFSET [LEXICAL_VARIANT INOTE_NLP_CONCEPT_ID [NLP_SYSTEM [TERM_MODIFIERS
CATEGORY: TEST_TREATMENT_PROCEDURE;
TYPE: TEST_NAME;
ATTRIBUTE: 158, ATTRIBUTE_TYPE: TEST_VALUE;
IAmazon ATTRIBUTE: lbs, ATTRIBUTE_TYPE: TEST_UNIT;
Comprehend ATTRIBUTE: 71.8, ATTRIBUTE_TYPE: TEST_VALUE;
68 3 1227) Weight 37111521 Medical ATTRIBUTE: kg., ATTRIBUTE_TYPE: TEST UNIT;
CATEGORY: MEDICATION;
TYPE: GENERIC_NAME;
ATTRIBUTE: 325 mg, ATTRIBUTE_TYPE: STRENGTH;
Amazon ATTRIBUTE: oral tablet, ATTRIBUTE_TYPE: FORM;
Comprehend ATTRIBUTE: 2 tabs, ATTRIBUTE_TYPE: DOSAGE;
58 3 705| acetaminophen 4306040 Medical ATTRIBUTE: PO, ATTRIBUTE_TYPE: ROUTE_OR_MODE;

Route or mode

Dosage
Form
Strength

Medications Outpatient Medications : 1. acetaminophen 325 mg

e Strength (325 mg)

® Generic name (acetaminophen)

© 2018, Amazon Web Services, Inc. or its Affiliates. All rights reserved.

oral tablet Dose : 2 tabs

e Form (oral tablet)

PO 2.

® Dosage (2 tabs) e Route or mode (PO)
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Amazon Comprehen

oo ® Rstudio

X @ Comprehend

ATLAS: Search

& > C 1} A NotSecure | rstudio.ohdsisagemaker16.us-east-1.elasticbeanstalk.com

Edit Code View Plots

© | comprehend-medical-omop.R*

Filter

NOTE_NLP_ID NOTE_ID OFFSET
279
349
367

506

W O N WV A W N e

2
3
4
5
6
7
8
9

e~ e R i i e
LW ® N L A W N = O
e e e e e e e
m N WV A W N = O

Showing 1 to 20 of 206 entries

Console  Terminal

> print(entities[68])
[l
NULL

> print(entities[[68]])
Error in entities[[68]]

Session  Build Debug

Go to file/function

DatabaseConnector::querySql{conn...

LEXICAL_VARIANT
romiplostim
romiplostim
platelet count
splenectomy
splenectomy
romiplostim
aspirin
ibuprofen
penicillin
Norco

pain

VITAL SIGNS
Temperature
pulse

blood pressure
Weight
GENERAL
acute

distress

subscript out of bounds

> #Show the contents of the OMOP Notes table

> View(DatabaseConnector: :querySql(connectionDetails, paste@("SELECT * FROM

>

Profile Tools Help

* Addins ~

DatabaseConnector::querySql{conn...

NOTE_NLP_CONCEPT_ID

4234181
4234181
4267147
4125482
4125482
4234181
4306886
4298923
4273087
4032816
4329041
4251732
4086164
4224504
4326744
37111521
4244571
4332441
4239819

NLP_SYSTEM

Amazon Comprehend Medical
Amazon Comprehend Medical
Amazon Comprehend Medical
Amazon Comprehend Medical
Amazon Comprehend Medical
Amazon Comprehend Medical
Amazon Comprehend Medical
Amazon Comprehend Medical
Amazon Comprehend Medical
Amazon Comprehend Medical
Amazon Comprehend Medical
Amazon Comprehend Medical
Amazon Comprehend Medical
Amazon Comprehend Medical
Amazon Comprehend Medical
Amazon Comprehend Medical
Amazon Comprehend Medical
Amazon Comprehend Medical

Amazon Comprehend Medical

",cdmDatabaseSchema, " .note")))

Amazon Web Services, Inc. or its Affiliates. All rights reserved.

| call_comprehend_medical.py

© | other_c

TERM_MODIFIERS

CATEGORY

CATEGORY:
CATEGORY:
CATEGORY:
CATEGORY:
CATEGORY:
CATEGORY:
CATEGORY:
CATEGORY:
CATEGORY:
CATEGORY:
CATEGORY:
CATEGORY:
CATEGORY:
CATEGORY:
CATEGORY:
CATEGORY:
CATEGORY:
CATEGORY:

: MEDICATION; TYPE: GENERIC_NAME;

MEDICATION: TYPE: GENERIC_NAME;

TEST_TREATMENT_PROCEDURE; TYPE:
TEST_TREATMENT_PROCEDURE; TYPE:
TEST_TREATMENT_PROCEDURE; TYPE:
MEDICATION; TYPE: GENERIC_NAME;

MEDICATION: TYPE: GENERIC_NAME; T
MEDICATION: TYPE: GENERIC_NAME; T
MEDICATION: TYPE: GENERIC_NAME; T
MEDICATION; TYPE: BRAND_NAME; AT
MEDICAL_CONDITION; TYPE: DX_NAM
TEST_TREATMENT_PROCEDURE; TYPE:
TEST_TREATMENT_PROCEDURE; TYPE:
TEST_TREATMENT_PROCEDURE; TYPE:
TEST_TREATMENT_PROCEDURE; TYPE:
TEST_TREATMENT_PROCEDURE; TYPE:
ANATOMY; TYPE: SYSTEM_ORGAN_SIT
MEDICAL_CONDITION; TYPE: ACUITY;
MEDICAL_CONDITION: TYPE: DX_NAM

Environment

o ~ Import Dataset ~ &

wigginjs

K Project: (None) ~

History Connections

List ~

3 Global Environment ~

ROUND_HA...
ROUND_HA...
ROUND_HA...
ROUND_UP
Rounded
SageMake...
SageMake...
setconte..
snomed_c...
standard..
Subnormal
targetCo..
term
term_mod...
Underflow

Functions
pred

Files  Plots

@ | New Folder
/.\ Home

"ROUND_HALF_DOWN"
"ROUND_HALF_EVEN"
"ROUND_HALF_UP"
"ROUND_UP"

<class

‘decimal.Rounded..

"852543679106-004217b84...
"ohdsisagemakerl6-RStud..
<function setcontext at..
"https://browser.ihtsdo..

Named num 433595
<class
2

"zocor¥2010%20mg"

*decimal. Subnorm..

"CATEGORY: MEDICAL_COND..

<class

function (what, args,..

Packages Help Viewer

@ Upload © Delete

& Name

a

call_comprehend_medical.py

comprehend-medical-omop.R

ConnectionDetails.R

entities.txt

errorReport.txt

fftemp

omop-connection.R

'decimal.Underfl..

Rena

31
7

1.
21
6(

3¢

other_comprehend_medical_om... 2.

plp_test

pred.csv

python_models

v
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NOTE table

i

Amazon EC2

Detect
medically -
relevant text = @

// Amazon

Comprehend
Medical

RStudio
Server

Write

Structured
medical insights
to OMOP
NOTE_NLP table

Map text to
SNOMED codes

T

SNOMED CT
Browser

v

Amazon
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Thank you!

OMOP notes processing with Amazon Comprehend Medical:
https://qgithub.com/JamesSWiggins/omop-notes-amazon-comprehend-medical

OHDSI on AWS Architecture:
https://github.com/JamesSWiggins/ohdsi-cfn
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