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“Informatics for Integrating Biology and the Bedside (i2b2)”
what Is 1t?

m Software for explicitly organizing and transforming person-
oriented clinical data to a way that is optimized for clinical
genomics research

m Allows integration of clinical data, trials data, and genotypic data

m A portable and extensible application framework

m  Software is built in a modular pattern that allows additions without
disturbing core parts

m Available as open source at https://www.i2b2.org



https://www.i2b2.org/
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12b2 used for Big Clinical Data

Query construction in web tool

1) Queries for aggregate patient numbers —— — —

oooooo

- Warehouse of in & outpatient clinical data | m—y De-
-6.7 mll_llon F_’artners Health_carfe patients _ . HN identified
- 3.1 billion diagnoses, medications, genomics, Data
procedures, laboratories, & physical findings
Warehouse

coupled to demographic & visit data
- Authorized use by faculty status
- Clinicians can construct complex queries 2731984
- Queries cannot identify individuals, internally Z274902%X
can produce identifiers for (2)

Encrypted identifiers -

2) Returns detailed patient data OR e
0000004 =~ = o
- Start with list of specific patients, usually from (1) 2185793 0000004 =2
- Authorized use by IRB Protocol - :> 2185793
- Returns contact and PCP information, demographics,
providers, visits, diagnoses, medications, procedures,
laboratories, microbiology, reports (discharge, LMR,
operative, radiology, pathology, cardiology, pulmonary,
endoscopy), and images into a Microsoft Access

database and text files.

Real identifiers




Concept DIMENSION

concept_key
concept_text
search_hierarchy

Enabled by Star Schema

Patient DIMENSION

patient_key
concept_key
start_date

Encounter DIMENSION

encounter_key
encounter_date

hospital_of_service

L— encounter_key
value_type
numeric_value
textual_value

abnormal_flag

practitioner_key

patient_key
patient_id (encrypted)
sex

age

birth_date

race

deceased

ZIP

Practitioner DIMENSION

practitioner_key
name
service

Concept DIMENSION

Patient DIMENSION

25

Encounter DIMENSION

450

Patient-Conceyg

3100

t

Practitioner DIMENSION

.04

FACTS

nillion

Binary

Tree

start
_> —]
search
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Interogation can occur through i2b2 web client

3 izbz Web Client - Windows Internek Explorer

_|ol x|
L’E_:':}/F “\"_f) - I& http:/iphsizb2appdew. mgh. harvard.edufwebclient # j |§| |E| IGDDg|B |P "|
File Edit ‘jew Favorites Tools  Help

Gougle | LI Hsearch - @8 - mu - [E - gp- | @ shae- | P T . SionIn T & Convert ~ [P Select
A (& izbz Web Clisnt ﬁ - v @ - @Eage - @Tgﬂls -

izb2 Query & Analysis Tool Project RAMart Test  User lori Find Patients | Analysis Tools | Message Log | Help | Logout

(UL GICEE Bl || Find Terms Query Tool

= e

Blg visit - Query Name: | |
a5 Clinic

ﬁ Tempaoral Constraint: | Selected arouns occur in the same financial encountsr |
Hospital

- 5] Brigham and Womens
E Faulkner Dates | Occurs = 0x | Exclude || Dates | Occurs = 0x | Exclude || Dates | Occurs = 0x | Exclude

E Massachusets Ceneral r | Occurs in Same Encounter + | | Occurs in Same Encounter v | | Treat indegendently. |

| | Mewtan Wellesley | d Ol Brigham and Womens [ malignant melanama of skf| £ Female

L] »
5

-

QICDS one or one or one or

=5 sHaRED more of nm more of more of

these these these
1 |

soomws [ ][ Jnewcrow ][ ]

Eﬁ Arterial vascul@02:17:06 [3-4-2011] [lcp5]
; EE Arterial vascul@19:11:21 [3-4-2011] [lcp5]
: EE Arterial vascul@01:49:21 [3-4-2011] [lcpa]
5 arterial vascul@14:48:50 [2-4-2011] [lcpa]
EE Arterial vascul@14.27:28 [3-4-2011] [lcp5]

mFEl aderialuac @4 14-22 12.4.20441 [lenEl =

| »

[~

|g£| Done, but with errors on page, I_ l_ l_ l_ l_ H |° Internet | H100% - 4
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12b2 Software components are distributed as open source

— O X

i7b2 i2b2: Informatics for Integrating = X +

& (& @ i2b2.org/software/ DA¢ Q 9

A National Center for Biomedical Computing

Informatics for Integrating Biology & the Bedside

NLP Data Sets | Software | Community Wiki | Foundation |

Software i2b2 Software
« i2b2 Software Use the links below to access the software repository where you will X X i
« i2b2 Community Wiki find the source code, executable files, XSD files, PDF files and more. Available i2b2 Versions
« i2b2 JIRA Bug Tracker 1 7 1 1
* Tutorial : ¥ Release Notes
« Guestbook * 12b2 -
5 o * - . -
» Statistios Community Wiki 1.7.09¢

* Release Notes

Quick Launch

i2b2 Web Client Demo ™ i2b2 Upgrade Instructions ™

|
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12b2 Community Software Modules contributed as “Cells”

8 i2b2 Community Projects - i2b2 © X +

< C @ community.i2b2.org/wiki/display/i2b2/i2b2 + Community+Projects w Q @

Home Documentation ¥  Get Software ¥ Community Projects Community Events  Working Groups ~ Support ¥

i2b2 Community Wiki ©

Quick Launch Dashboard / Welcome to the i2b2 Community Wiki
" i2b2 Community Projects
Title Description

Accrual to The Accrual to Clinical Trials (ACT) project goal is to create a federated

- Clinical network of National Clinical and Translational Science Award (CTSA)
i2b2 Github T Trials Consortium institutions to significantly increase participant accrual to
the nation's highest priority clinical trials.

Multi-fact The multi-fact table project is a new feature introduced in 1.7.09 that
Table enables the i2b2 to query more than one fact table. This new feature

| P20 L LTI 1 1 L I3 L L N

https://community.i2b2.org/wiki/display/i2b2/i2b2+Community+Projects



https://community.i2b2.org/wiki/display/i2b2/i2b2+Community+Projects
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12b2 Cell: The Canonical Software Module

Business Logic

i2b2

Data Access

Data Objects

P
HTTP XML

(minimum: RESTful)
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An 12b2 Environment is built from 12b2 Cells

Software services provided
by i2b2 cells
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Distributed Query System

1. Certify

investigator
. Query

2. Compose
CHB Query

CHB

PM Broadcaster
Aggregator

CHB
Composer

Results

8. view
aggregated
results

3. Broadcast

7. Aggregate

5.12B2 CRC
Query
(no changes)

4. Verify user,
adapt for

local CRC ARdTEES

CRC

Partners
Responder
Adapter

CHB
Responder
Adapter

BIDMC
Responder
Adapter

6. Send
results to
aggregator



SHRINE

Federated Queries

Project SHRINE

User: Shawn Murphy

Find Patients | Message Log | Help | Logout

| Mavigate Terms N L

Search by Names | [ Search by Codes

=z

e

Query Name: [ Acute hepatitis@12:45:50

Containing |hepatits ¢

Any Category v

[T Hepatitis b core antibody
5] Hepatitis b core igm antibody test
8

5] Hepatitis b vaccine injection administered or previou
5] Hepatitis b virus (hbv) status assessed and results i
[51 Hepatitis ¢ antibody |

5] Hepatitis ¢ antibody

5] Hepatitis ¢ antibody

[ Hepatitis ¢ antibody confirmatory test

5] Hepatitis ¢ antibody; test (eg,

e

Dates. Occurs = 0x Exclude || Dates Occurs > 0x Exclude || Dates

Occurs > 0x Exclude

5] Acute hepatitis ¢ with hepatic ct

B Acute hepatitis c without menti

5l Unspecified viral hepatitis ¢
B Unspecified viral hepatiti

5] Unspecified viral hepatit
B U"S"ec o
more of

5] Hepatitis ¢ antibody measurement

Ef\l?eoatilis cantibodv test 22
0

< '

< m J

dropa
term
on here

o (][] [new Grous ][+ ][]

5epo

| Query Status |

& Arthropathies a@17:23:51 [2-11-2015] [smurphy] =
[ Nephritis, neph@15:56:29 [2-11-2015] [smurphy] | =|
@-f3 Major-Femal-18-34@17:36:09 [2-4-2015] [smurphy |
[& Major d-Female@17:34:30 [2-4-2015] [smurphy]

% Major depressiv@17:32:43 [2-4-2015] [smurphy]

EE Appendi-Black 0@15:57:24 [1-28-2015] [smurphy]
=l icitis @15:55:07 [1-28-2015] g

!
‘Nl i ]
!

Finished Query: "Acute hepatitis@12:45:50"
Temple - 10 patients or fewer
Wake - 4274 +3 patients
BCH - 501 23 patients
BMC - 8922 +3 patients
CCHMC - 212 3 patients
Partners HealthCare - 18750 +3 patients
UT - 3516 +3 patients

> ||d

[63.5 secs]
FINISHED [2.0 secs]
FINISHED [3.0 secs]
FINISHED [4.1 secs]
FINISHED [4.6 secs]
FINISHED [8.0 secs]
FINISHED [6.1 secs]

FINISHED [26.8 secs]

m

Jniversity of California, Davis

Partners HealthCare System

Boston Children’s Hospital
BIDMC

Boston Health Net (BMC and
Community Health Centers)

G,r‘ Columbia U. Medical Center and

&) New York Presbyterian Hospital
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plementations

CTSA’s

= Boston University

m  Case Western Reserve University (including Cleveland Clinic)

m  Children's National Medical Center (GWU), Washington D.C.

m  Duke University

m  Emory University (including Morehouse School of Medicine and Georgia Tech )

m  Harvard University (including Beth Israel Deaconness Medical Center, Brigham and

Women's Hospital, Children's Hospital Boston, Dana Farber Cancer Center, Joslin
Diabetes Center, Massachusetts General Hospital)

Medical University of South Carolina

Medical College of Wisconsin

Oregon Health & Science University

Penn State Mllton S. Hershey Medical Center

Tufts University

University of Alabama at Birmingham

University of Arkansas for Medical Sciences

University of California Davis

University of California, Irvine

University of California, Los Angeles*

University of California, San Diego*

University of California San Francisco

University of Chicago

University of Cincinnati (including Cinncinati Children's Hospital Medical Center)
University of Colorado Denver (including Children's Hospital Colorado)
University of Florida

University of Kansas Medical Center

University of Kentucky Research Foundation

University of Massachusetts Medical School, Worcester
University of Michigan

University of Pennsylvania (including Children's Hospital of Philadelphia)
University of Pittsburgh (including their Cancer Institute)
University of Rochester School of Medicine and Dentistry
University of Texas Health Sciences Center at Houston
University of Texas Health Sciences Center at San Antonio
University of Texas Medical Branch (Galveston)

University of Texas Southwestern Medical Center at Dallas
University of Utah

University of Washington

University of Wisconsin - Madison (including Marshfield Clinic)
Virginia Commonwealth University

Weill Cornell Medical College

Academic Health Centers (does not include AHCs that are part of a CTSA):

Arizona State University

City of Hope, Los Angeles

Georgia Health Sciences University, Augusta
Hartford Hospital, CN

HealthShare Montana

Massachusetts Veterans Epidemiology Research and Information Center
(MAVERICK), Boston

Nemours

Phoenix Children's Hospital

Regenstrief Institute

Thomas Jefferson University

University of Connecticut Health Center
University of Missouri School of Medicine
University of Tennessee Health Sciences Center
Wake Forest University Baptist Medical Center

HMOs:

Group Health Cooperative
Kaiser Permanente

International:

Georges Pompidou Hospital, Paris, France
Hospital of the Free University of Brussels, Belgium
Inserm U936, Rennes, France

Institute for Data Technology and Informatics (IDI), NTNU, Norway
Institute for Molecular Medicine Finland (FIMM)
Karolinska Institute, Sweden

Landspitali University Hospital, Reykjavik, Iceland
Tokyo Medical and Dental University, Japan
University of Bordeau Segalen, France

University of Erlangen-Nuremberg, Germany
University of Goettingen, Goettingen, Germany

University of Leicester and Hospitals, England (Biomed. Res. Informatics Ctr. for
Clin. Sci)

University of Pavia, Pavia, Italy
University of Seoul, Seoul, Korea

Companies:

Johnson and Johnson (TransMART)
GE Healthcare Clinical Data Services



Research Pipeline for ACT

Query for sites with adequate data

. .8

Navigate Terms || Find || Info |

=&l ACT coviD-19

: ﬁ Course Of lliness

{5 Diagnosis

{51 Laboratory Testing

ﬁ Therapeutic and Preventive Treatment
0] Total Patient Count

E! [&3] Auto-Immune Disease

. @ Auto-Immune Disease (Derived)

@ D59.1 Other autoimmune hemolytic anemias
- /5] E0B.3 Autoimmune thyroiditis (36):

B+ XD 0O » ® C Code ~

for x in df_missing_pitt.to_dict(orient='records'):

= {51 E10 Type 1 diabetes mellitus #txt = x['c_tooltip'J+x['c_name'] if 'Laboratory' i
B n N txt=x['c_tooltip']
= B — {51 G70.0 Myasthenia gravis if (pd.isna(x['c'])): txt=Fore.RED + txt
- . [51 K51 Ulcerative calitis else: txt = Fore.BLACK + txt
print(txt)
. [57 L93 Lupus erythematosus
. . e —r—0 ﬁ MO35 Rheumatoid arthritis with rheumatoid facior
- . ——-2 ﬁ M34 Systemic sclerosis [scleroderma]
- NACT\ACT Phenotype\

NACT\ACT Phenotype\COVID-19 Related Terms\
NACT\ACT Phenotype\COVID-19 Related Terms\Laboratory Te
N\ACT\ACT Phenotype\COVID-19 Related Terms\Laboratory Te

Computed
Phenotype

Local
Analytics

Quality

=) analysis_play.ipynb X | [#] totalnum staticgraphs.ipyr X | Al dce.griffin.

I

+ S—
—

= .

Validation

Pooling
Results

Publication
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Computable phenotype: Severe illness in COVID-19

H Find Terms H Info |

EHE| ACT COVID-19
. /3] Course Of liness

- =[5 Diagnoesis

. [#[5] Diagnostic Lab Tests
- - [] Total Patient Count

Mavigate Terms || Find || Info |

e

ACT COVID18

@ Course Of lliness

—

&
&
B
B

ﬁ Conditions
=& liness Severity

-] Known Deceased
ﬁ Moderate lliness
= [E Severe liness
ﬁ Severe Diagnosis and Procedures
Q] Severe liness (Derived) /
151 Severe Lab Tests
&[5 Carbon dioxide | blood arterial
ﬁ Cxygen | blood arterial
— #-[F1 Severe Medications
],@ Level of Care (Sefting)
]Eﬂ Medications
]ﬁ Other Variables of Interest
]ﬁ Frognostic Lab Tests

B

[ Respiratory Therapy Management

{5l Diagnosis
{5l Diagnostic Lab Tests
- (1] Total Patient Count

Computable
phenotype

____—> Derived term

LOINC and
RxNorm
Codes




Simple Analytic Table Generator for i12b2

To generate a request template, drag a previous query to the Patient(s) box below. Any concepts found in the query will be automatically added. Additional concepts can be added by dragging them to the
Concept(s) box below. Each concept in the list will be a column in the table request. Use the Aggregation Option column to select how columns of data will be aggregated.

Patient(s): |[: 45-54-Diabe-Encou@12:39:58 [Patient Count: 20995] fi] ]
Include concepts from the Previous Query e
Concept(s): \Jb Drag & Drop additional concepts here from Navigate Terms or a Previous Query ]

Append concepts to the list below e

£ Patient Number m e

£ Gender me
2 Age 0
£, Race 0
] 45-54 years old [ Existence (Yes/No) ¢ | (&) W
O Diabetes mellitus (>766000) [ [Set Date] [ Date (First) #] (7] fily
,@ Encounter-based (>7632000) E [Set Date] ( Count 3] 9 ﬁ'

15
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Generates One-Subject-Per-Row Tables

104 3/4/2002 5.4 7.2 Miglitol
1829 9/11/2013 12.1 94 Insulin
2161 4/23/2000 4.1 6.2 Glipizide

AMIA 2019 Annual Symposium amia.org 16



Then Shared Analytics Scripts run on Generated
Table

[%] analysis_play.ipynb % | [Al totalnum_staticgraphs.ipyr %X | (A 4ce_griffin_analytics.ipynb %
B+ X OO0 » &8 C Code ~ Python3 O

# Plot labs - 4CE 1.1

#traces = []

#traces.append(go.Scatter{x=griffin_labs))

griffin_labs = griffin_labs.replace({-99:np.nan}).fillnal@)

px.scatter(griffin_labs.reset_index(),x="days_since_admission',y='num_patients_all',color='loinc',size="mean_value_all',title='Labs quantity',
labels={'x":'Days Since Positive'},hover_data=['stdev_value_all'])

® 1742-
1500 - 1751
: 1920-
1975
1988
2160
2276
2532-
3255
33959-8
48065-7
@ 5902-2
6690-2
731-0
7799-0

1000

I O A A IS

500

17
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‘i Improving Quality of i2b2 Queries

through Machine Learning
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Psychological Medicine (2012), 42, 41-50. & Cambridge University Press 2011
doi:10.1017 /S0033291711000997

Using electronic medical records to enable large-scale
studies in psychiatry: treatment resistant depression

as a model

R. H. Perlis™**, D. V. losifescu™?, V. M. Castro’, S. N. Murphy®, V. 5. Gainer’, ]. Minnier®, T. Cai®,

S. Goryachev', Q. Zeng’, P. ]. Gallagher®, M. Fava', |. B. Weilburg', S. E. Churchill®,

L. 5. Kohane' and J. W. Smoller*

ORIGINAL ARTICLE

Use Phenotyping
Algorithms to define
cohorts of treatment-
resistant and treatment-
responsive depression

-]
Need to Determine: Depressed or Well unter
'.7'; '/' /‘/_.""
o | "?'/ ,’/ o | ‘-4.—
S . . o P
.’/ /."' ;
-
.. © © _,,. o o .
Initially:  z S - 2 81 ¢ mgly-o -
= . E=] I . =
AUC = 0.5% i p -
n < . ) ) s
=17 A f
| mprove Accuracy of Diagnoses | ...
Finally: ' y:
' ] i AUC =0.86
N — U.
AUC =0.87 &1 from Electronic Record
| == NLP + Billing Codes h = = NLP + Billing Codes
IR - NLP I - NLP
o | -—- Billing Codes o |1 +=- Biling Codes
o o
T T | T T w T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity 1-Specificity
Clinical Status  Model Specificity Sensitivity Precision AUC
Depressed Billing Codes 0.95 0.09 (0.03) 0.57 (0.14) 0.54 (0.02)
Depressed NLP 0.95 0.42 (0.05) 0.78 (0.02) 0.88 (0.02)
Depressed NLP + Billing Codes 0.95 0.39 (0.06) 0.78 (0.02) 0.87 (0.02)
Well Billing Codes 0.95 0.06 (0.02) 0.26 (0.27) 0.55 (0.03)
Well NLP 0.95 0.37 (0.06) 0.86 (0.02) 0.85 (0.02)
Well NLP + Billing Codes 0.95 0.39 (0.07) 0.85 (0.02) 0.86 (0.02)
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Use NLP to extract the relevant features from the
set of patient notes.

ISD_QIAL_I:LI_SJ:ORY The S k ried with four grown daughters,
. luses tobacco| has win hbbasalir

| "”... SOCIAL HISTORY: The patientis a|nonsmoker. [No al .
£ o Non-Smoker
. SOCIAL HISTORY: |Negative for tobacco, |alcohol, and IV fug abuse. -

FAST HEDICAL HISTOR jf:l Hip II icture |:_':|| anch

. BRIEF RESUME OF HOSPITAL COURSE:
63 yo woman wnh COF’D 50 pack-yr tobacco (quit 3 wks ago), Past Smoker

ALLERGIES: (1) Aspirir {(2) CiprofloxacIn

[ SOCIAL HISTORY The patiem lives in .rehab, married. |Unclear smoking b/,l?:;,?—
| from 1he admlssmn note £

P , PULIT OW, § T3P LU L,
b d pr ure If.'-Z_-"l'u 1, oxygen saturation 95% on room air. IEEHT : Hormocephalic and atraumatic. Pupi

HOSF’ITALCOURSE It was recommﬁ%ﬁhat she receive ...We also added

| Lactinax, oral form of Lactobamllus Hard to pick epopulation of her gut.

- S-H IW|dow Iwes alone 2 children,no tob.’alcohol. Qlard to pick _
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Data Integration in Biobank Portal

Electronic Medical Record (EMR) Data

Informatics Tools
" RPDR

Coded Data Text Data (Notes/Reports) Calculated Controls (Charlson Index)
Demographics | Medications | Physician Notes - - - -
Diagnoses Procedures Imaging Reports Data Visualization | Data Querles
Lab Results Visits Pathology Reports Annotation Extract Data

Surgery Notes )
\ _— Natural Language Processing

Additional Data Genetic Data

]
@ar Research
ata |§ fl
WAS
]
@ey Data
e

Biobank Datg

Validated Phenotypes

Type Il Diabetes IBD
Coronary Artery Disease | Multiple Sclerosis
Congestive Heart Failure | Bipolar Disorder

Rheumatoid Arthritis

DNA
Serum
Plasma

Recontact
Consent Status

Research
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Curating a Disease Algorithm with a Gold Standard

1. Create a gold standard training set. 3. Develop the classification algorithm. Using the
] data analysis file and the training set from step 1,
[~ ool UUUU assess the frequency of each variable. Remove
S o I — — variables with low prevalence. Apply adaptive
o o LASSO penalized logistic regression to identify

LCS-1282.D000109066
2002-02-12T00:00:00,000-05,00

highly predictive variables for the algorithm

# of selected features = 29

‘Standardzed Coeficient Estmale
[}

Constraints on Madel Camplexity

2. Create a comprehensive list of features

from patient’s electronic data that 4. Apply the algorithm to all subjects in the

describe the disease of interest superset and assign each subject a probability of
- having the phenotype

:::"::T:::i‘:ﬁu——-— Diagnoses. Billing codes > 21 ,: .V

at74years.. L1, e % * ‘J

tmms™ ||| S| — e BER R

restrict I wedications o ¢

R[] 2

e — il L ° :/

| MU, disbetes melitus . 2 | : , | 7.7 Patiem Lgder‘L:uguc Regr. ?hc=isé3 22

Nature Reviews | Genetics
1-Specilicity



Curating a Disease Algorithm with a Silver Standard

1. Query for total number of mentions 3. Resolve the curves and separate into two
of disease groups, these are actually equal to patients
with and without the disease
0.5
0.4

0.3 A

-E' 0.31
‘B
o 0.2
)
© 0.2 :
0.1
0.1
A \\\
2 30

density

0.0 A1
OO 1 5 10 100 300 1000

Count of visits (x_enct)

1 2 5 10 30 100 300 100
ICD codes (x_ICD)

2. Fit the mentions of disease to two

curves normalizing for # of visits 4. Apply the algorithm to all subjects and assign

each subject a probability of having the phenotype

15= 04
Phankiypa 03
1o H“’g z=log(l+x)= aelog (14 xpe)| o2- Hm ¢
0 pod Y o 2] :
. Step 1: Normal Mixture . PheNorm_ICD !
" Y L : ’ , 1
i 3 & Mx Normalization hog o5 f
[ ]
Raw Feature Mormalized Feature 060 0:?5 0'50 ) ‘75 1 60
— score

ChartReview Result ¢ N 4 Y 23
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category

ONC

ONC

PSYCH

PSYCH

NEURO

CARDIO

NEURO

METAB

ONC

ONC

Gl

Computable

Phenotype Dashboard
PheWAS_code abbr

PheWAS:189.21 BLCA
PheWAS:204 LEUK
PheWAS:297.1 Sl
PheWAS:305.2 EATD
PheWAS:327.4 INSOM
PheWAS:452.2 DVT
PheWAS:817 CONC
PheWAS:250.1 T1DM
PheWAS:184.11 OVCA
PheWAS:182 UTCA
PheWAS:555.1 CD

PheWAS_name
Bladder cancer
Leukemia
Suicidal ideation
Eating disorder
Insomnia

Deep vein
thrombosis

Concussion
Type 1diabetes
QOvarian cancer
Uterine cancer

Crohn's disease

model

PheNorm_ICD

PheNorm_ICD

PheNorm_ICDNLP

PheNorm_ICDNLP

PheNorm_ICDNLP

PheNorm_ICDNLP

PheNorm_NLP

PheNorm_ICD

PheNorm_ICDNLP

PheNorm_ICD

PheNorm_mean

Phenotypes
ICD_PPV ICD_AUC
0.80 0.903
0.73 1.000
0.93 0.786
0.53 0.482
0.93 0.821
0.87 0.692
0.73 0.682
0.17 0.882
0.60 0.926
0.50 0.867
0.54 0.961

Methods

AUC

1.000

1.000

1.000

1.000

1.000

1.000

1.000

0.984

0.981

0.980

0.980

About us

PPV

1.00

1.00

1.00

1.00

1.00

1.00

1.00

0.91

1.00

1.00

0.90

TPR

0.42

0.91

0.43

1.00

0.50

1.00

0.27

0.91

0.67

0.86

0.97
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Accurate and Simple Disease Labels for Queries

Complicated

H WINTIUEIG PG G D LA L3 )

125 Dissases of the drculatory system (I00-193)

- Acute theumatic fever (100-102)

BT Cersbrovascular dissases (160-168)

B-C3) Chronic theumatic heart dissases (105-109)

{Eﬁ Diseases of arteries, arterioles and capillaries (I70-179)

B-5D Dis?ases of veins, lymphatic vessels and lymph nodes, not elsewhers das:
-2 Hypertensive diseases (110-115)

E1C3) Ischemic heart dissases (120-125)

B3 Angina pectoris

-1 Certain current complications following st elevation (stemi) and non-st

{nstemi) myocardial infarction (within the 28 day period)

B-IL3) Chronic ischemic heart dissass

----- |2 Ischemic heart dissase-Oncall

E-{C) Other acute ischemic heart diseases

[-IC3) St elevation (stemi) and non-st elevation (nstemi) myccardial infarctio

-0 Subsequent st elevation (stemi) and non-st elevation (nstemi) myocar
infarction

[-{C3) Other and unspecified disorders of the dreulatory system (195-199)

B+ Other forms of heart disease (130-152)

-3 Pulmonary heart disease and dissases of pulmonary drculation (126-128)

----- &) Vascular problem-Oncall

R PR

Simple

[E-#% Phenotypes (23
=-IC3) Cardiclogy
{3 Aortic aneurysm (AA)
[#1-C3) Atrial fibrillation (AFIE)
[1-C3) Atrioventricular block (AVE)
{E,'] Coronary atherosderosis {CAD)

[-{C3) Desp vein thrombosis (DVT)
[#]-{C3) Heart valve disorders (HVD)
{0 Hypertension (HTN)

[1-C3) Myocardial infarction (MI)

E,'] Peripheral vascular disease (FVD)

JE,'] Pulmanary heart dissase (PHD)

(+-{{J) HEart Valve QIsorers {HvL)

=30 Hypertension (HTN)

i i[3 Current or Past History of HTN [PheNorm_ICD >= (0.5]
IE:] Myocardial infarction (ML)

M7= Darinharal vsemidar dicases (DU



Digital Twin for Continuously Assessing

Patient

Data Enclave

Multiple query endpoints feeding into Data Commons for

Y

EMR

Imaging

24/‘ Genomic

Data

loT

Computation

Components:

Cohort Creation
and focused data
extraction
Managed
Terminology
Regulatory
Oversight
Libraries of
Python/R
Commonly
formatted data

Research, Operations, and Clinical Insights

2

2
HIR based

Apps
|

6
J 12b2

tranSMART
|

7 ducat
Education

Jupyter
Notebook

Python/R
Environment

SAS/SPSS
MATLAB

sonAjeuy [eoun

Data Enclave

Enable Data Extracts, perhaps
some are Federated

Combine and Link data, put in
common OMOP/i2b2 format

Conduit to Data Enclave

Technical Solution Development

4

Healthcare Ready Bundle

Research and Clinical Application
Projects

5)

FHIR based SMART Apps

6,

12b2 tranSMART
with Fractalis plugin (next
version of SmartR plugin)

Jupyter Notebook with Al
Visualizations — code can
advance to production

Python/R Environment
full interactive development in
Data Lake

£0




PARINERS 505 SHRINE, and SMART
Information and Software
on the Web

12b2 Homepage (https://www.i2b2.0rg)
12b2 Software (https://www.iZ2b2.org/software)
12b2 Community Site (https://community.i2b2.0rqg)
12b2 tranSMART Site (https://i2b2transmart.orqg/)

NIH/NCBC/BD2K; /NIMH; INCATS; /NIBIB; /INHGRI

NIH RO1 EB014947 NIH U54 HG007963
NIH U54 LM008748 NIH RO1 ATO06364
NIH U01 HG008685 NIH RO1 AT005280

PCORI 282364.5077585.0007 NIH PO1 ATO06663


https://www.i2b2.org/
https://www.i2b2.org/software
https://community.i2b2.org/
https://i2b2transmart.org/

THANK YOU



