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Guide to the Presentation

* The fun stuff
— What is “clinical and translational” data management?
— The changing landscape of clinical research
— Learning health systems
— National data networks

e The grunt work to do the fun stuff
— Data harmonization
— Data quality
— My database can’t count
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The Changing View of Clinical Research

T1 Biomedical Research Investigator Initiated T1 - T2 Translational Research
i i lndustry Sponsored Commercialization
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From: C Broverman, Partners
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Learning Health Systems:
Every patient contributes knowledge

Clinicians 1 . :
Research studies Biomedical

conducted during normal Research
fKnowledge

course of clinical care

Networhs

)

Point of (are ~

N~ the learning engine -

“ Application of best
available Evidence

Patients for each patient
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ImproveCareNow: A Pediatric LHS

Forrest CB, Margolis P, Seid M, et
al. PEDSnet: How A Prototype
Pediatric Learning Health System
Is Being Expanded Into A National
Network. Health Aff 2014;33:1171—
7.doi:10.1377/hlthaff.2014.0127

Percentage Of Pediatric Inflammatory Bowel Disease Patients In Remission, 2007-14
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source Data are from the ImproveCareNow pediatric inflammatory bowel disease registry for 2007-14. mores Each blue dot rep-
resents the percentage of patients in remission among care centers with more than 75 percent of their patients enrolled in Improve

CareMow in a given month. The figure shows the upper and lower confidence limits (dashed red lines in red) and the mean (green solid
lines).



Explosive activity in
“big data” and “big o Oalhioet
data analytics” cemrors

in healthcare (smmes ) (o) (PWE‘"‘M"'
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EDM Forum, "Using Electronic Health Data for
Research and Quality Improvement: A Summary of
Innovations, Achievements, and Lessons Learned from
the Electronic Data Methods (EDM) Forum, 2010-
2013" (2014). Issue Briefs and Reports. Paper 13.
http://repository.academyhealth.org/edm_briefs/13
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PCORNnNet:

The National Patient-Centered
Clinical Research Network

pcornet

The National Patient-Centered Clinical Research Network




Both researchers and funders now recognize the
value in integrating clinical research networks

< Linking existing networks means clinical research
can be conducted more effectively

O Ensures that patients, providers, and scientists
form true “communities of research”

C Creates “interoperability” — networks can share
sites and data

<3 pcornet




PCORnNet embodies a “community of research” by
uniting systems, patients & clinicians

11 Clinical
Data
Research
Networks

(CDRNSs)

18 Patient-
Powered
Research
Networks

(PPRNSs)
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11 CDRN and 18 PPRN awards

- , This map depicts
District of Columbia

AO® the number of
PCORI-funded
Patient-Powered or
Clinical Data
Research Networks
that have coverage
in each state.

Pugrta Rico
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Guide to the Presentation

e The grunt work to do the fun stuff
— Data harmonization
— Data quality
— My database can’t count
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Commercial

Limited Data Set Limited Data Set Limited Data Set
Common Data Model Common Data Model Common Data Model
Common Terminology Common Terminology Common Terminology

Common Query Interface
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Examples of Variations in Platelet (Quantitative)
Result Units In Source Data

Platelet count original result units’

Blank
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X103
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8% KAISER PERMANENTE.
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Examples of
Variations in
(Qualitative)
Pregnancy Result
Units in Source
Data (aka, how
many ways can you
spell negative?)
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NONE DET

COMMENT:
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1.2
1000
122

14

140

15

2

2

2.1
203
252.3
278

28
3178.2
345
38.1
400

5 Int
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697.7
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NOT DETE

Neg
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Negatvie
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n

neg
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1615
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NEGAT IV
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POPSITIV
POSIITIV
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POSITVE
POSOTIVE
POSTIVE
PSOITIVE
REPEAT
STAT
URINE

8% KAISER PERMANENTE.



Integrated child-life stages for NICHD Pediatric Terminology as mapped to existing medical terminologies

1-12
o " e "

AAP: American Academy
of Pediatrics

CDC: Centers for Disease
Control and Prevention

CDISC: Clinical Data
Interchange
Standards Consortium

EPA: Environmental
Protection Agency

ICH-E11: International
Conference on Harmonisation

SNOMED: Systematized
Nomenclature of Medicine
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(13 months-2
yrs)
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0-27 days
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Early Adolescence
(12 to 18 years)

From: Steven Hirschfeld MD, PhD
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SNOMED CT: A “mandated” clinical standard

Sign and symptoms of

attention deficit hyperactivity

disorder

ADHD
attention deficit
hyperactivity
ADD

loss of scalp hair
scalp hair loss

Epistaxis
nosebleeds

F
}

Attention deficit hyperactivity
disorder (disorder)

Diffuse loss of
scalp hair (finding)

Epistaxis (disorder)

From: Rachel Richesson PhD



OBSERVATIONAL
MEDICAL
OUTCOMES
PARTNERSHIP

Standardizing
conditions:

Standardizing
drugs:

Standardizing terminologies to accommodate
disparate observational data sources

System Organ Class MedDRA
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Data Quality in Electronic Health Records

e Data collection tools optimized for efficiency

— Text templates -
— Copy/paste >

Checklist!-;,‘ -

. . . . . a gng g :I
Minimal data validation checks b gﬁ:m.f <&

— Min/Max limits ¥ Cry -
— Required fields

e Even “simple” stuff has problems
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A trivial example: Martial Status by Age

To

Divorced

Legally Separat

Married

Significant othe

Single

Unknown

Widowed

Total

-16.00

-15.00

-B.00

0.00

1.00

2.00

3.00

4.00

5.00

G.00

7.00

8.00

9.00

10,00

11.00

12.00

13.00

14.00

15.00

16. 00

17.00
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Ligfaiaien)

be worrisome

Total Divorced Legally Separat Significant othe | Single Unknowin Widowed

Total 423,508 ‘ 830 11

70 \ 0 0
16.00 2 \ 0 o
A5.00 1 \ 0 o
_8.00 1 \ 0 0
0.00 768 \ 0 0
1.00 13,660 \ 5 o
2.00 21,350 \ 25 0
3.00 24,960 \ 31 o
4.00 27,861 \ o
5.00 29,933 \ 24 0
6.00 30,932 | -ml] o
7.00 27,381 46 o
8.00 24,198 31 o
9.00 22,522 as o
10.00 20,283 22 o
11.00 18,705 16 o
12.00 17,340 19 o
13.00 16,510 17 0
14.00 15,792 15 o
15.00 15,354 21 o
16.00 15,474 13 0
17.00 15,208 17 o
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Should we be worried?

 NO

— Large numbers will swamp out effect of anomalous
data or use trimmed data

— Simulation techniques are insensitive to small errors

e Yes

— Observed site variation may be driven by differences
In data quality, not clinical practices

— Genomic associations look for small signals (small
differences in risks) amongst populations

25



“Big Data” and “Big Data
Analytics”

Data Scientist:

The Sexiest_ OQ\Q'of the 21st Century
QQ/

hen Jonathan Goldman ar-
rived for work in June 2006
at LinkedIn, the business
networking site, the place still
felt like a start-up. The com-
pany had just under & million
accounts, and the number was
growing quickly as existing mem-
bers invited their friends and ool
leagues to join. Bul users weren't
seeking out connections with the people who were already on the site
at the rate executives had expected. Something was apparently miss-
ing in the social experience. As one LinkedIn manager put it, "It was
like arriving at a conference reception and realizing you don’t know
anyone. 50 you just stand in the comer sipping your drink—and you
probably leave early”

Meet the people who

can coax treasure out of
messy, unstructured data.
by Thomas H. Davenport
and D.J. Patil

7o Harvard Businass Review October 3on3

26
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OBSERVATIONAL Exploring prevalence of all diseases

MEDICAL

OUTCOMES
PARTNERSHIP Treemap displays 3 dimensions:
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veoear - Exploring prevalence of disease with standardize databases:

OUTCOMES : :
PARTNERSHIP ex: Acute I\/Iyocardlal Infarction

CCAE MDCR GE HUM PHCS RI Color by
GENDER
30% EFEMALE
BMALE

28%

Size by
2.6% YEAR
24% ® = 2008
22%
20%

1.8 %
16 %
1.4 %
12%
1.0%
0.8 %
0.6 %
0.4 %
02%

PERSON PCT
uoljaleUl [BIpJEooAll Sjnoy

AGE_GROUP
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The Tale of A Trivial Data Request

 The original data request:

“For an upcoming grant application, how many patients
were seen recently with neurofibromatosis-1 (NF-1)
and scoliosis?”

29
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The Tale of A Trivial Data Query

e (Getting more specificity:

— "Recently seen” = an encounter of any type since
1/1/2012

— NF-1: ICD-9 code starts with “237.7”
— Scoliosis: ICD-9 code starts with “737.3”

30
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The Tale of A Simple Data Query

 First query result: N =15

Clinical investigator did not believe this result even
though we used her definitions.

31
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The Tale of A Simple Data Query

e Drilling down:

— This query required both diagnoses to be coded on
the same encounter (event).

N(Pt)

‘ Dx1 = NF-1
/

Encounter
\ Dx2 = Scoliosis

1/1/2012 - today
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The Tale of A Simple Data Query

e« Second query:

— NF-1 and Scoliosis diagnoses can be coded on
different encounters, both within time window

— N=28

N(Pt)

Dx1 = NF-1

T

Encounter Encounter \
| Dx2 = Scoliosis

|
1/1/2012 - today

Investigator still did not like the answer!

33



Table 1: Ten graphical diagrams representing the question: "How many ambulatory patients did I
("Provider = Kahn") see with diabetes mellitus (ICD-9 = 250.xx) and essenfial hypertension (ICD-9=
401.xx) between January 1, 2002 and December 31,20097" Each diagram, when converted into a database
guery, reiurns a different result. X(Pt) = number of patients.

(A)

NPY

-Ox= 250
D=4 xx
-Prowvider = "Kahn”

l 12005 — 1273

12003 |

=Doe = 2580 20
-Provider="K.ahn"

~Doe=401 2o
-Provider="Kahn"

Encounter
-Ox=Anything
-Provider="Kahn"

112009 - 127312008

(B)

Do = 250 300
Prvider="rKann

-D=d01 300
FPrvider="Kann’

112009 - 1231

2009

(G)

NFG

Dx= 250 xx
“Prowvider = Anybod y

-Dx=401 xx
-Prowvider = "Kahn”

-Dx=Anything
-Provider = "Kahn”

112005 — 1223172005

(C)

Encountar
D= 2505
Prvider=Anybady

Eneowntar
-DE=di 2
-Pmaider = Hann”

112008 — 1281

2009

(H)

N{Ft) |

“Ox=250xx
“Provider= "Hahn”

“Ox=401 3
“Provider= Anybody

-Dx=Anything
-Prowvider = "Hahn”

12009 — 1231 2005

NiF
Encounar Encounter Encounter Encounter
[:D} D= 250 XX Dm0 X0 [:IJ. Dx = 250 xx Dx=40 1 xx Dx=Anyihing
SHEdar = RN -Prnidar- "Hann” Frovider= Anybody “Provider = Anybody Provider= "Kahn"
: 1172009 — 1 231/2009 I I |
009 — 123N | o smpmarmane
12008 - 1273172005
NPT} NiPD
Encounter Encounter Encounter % das Encounter Encounter
-Dx= 250.5% D] 1.3 [:J'j. Dx = 250 xx aEyE Dx=401 xx Dx=Anything

(E)

-Providar=Anybady

-Provider="¥anm’

1152009 — 12312009

“Frovider= Anybody

“Provider = Anybody

FPrvider ="Kahn"

112005 — 12212005

1
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anagement?
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Figure. The Tapestry of Potentially High-Value Information Sources That May be Linked to an Individual for Use in Health Care

STRUCTURED DATA

UNSTRUCTURED DATA

TYPES OF DATA 1

Electronic 1|  medication 2 Medication
pill dispensers Tor o = Medication taken
1 o Diaries
Madicatian et Medication filled = Dose Route Allergles Herbal remedies
I | i
5 Altermative
= Out-of - pocket
HDC AxMorm EXErISes therapies
Demographics HL7 ]
Encounters Employee sick days Wisit type and time Chilef complaint
Differential
Dlagnoses Deathrecqr_l;ls__ ) SHOMED ND-9 I diagnasls
Procedures CPT ICD-9 ;
i T HCTRE <
| PERSONAL : [ rpparments, @ || LOINC  Fathology, i
Magnostics (ordered) HEALTH MONITORS, | —— REPORTS
RECORDS Tests /| LECG Radiol i s
Lab values, u
MMagnostics (results) vital signs Tﬁlﬂiﬁ
Genetls | PATIENTS | 23andMe.com SNPs, arTays £ j
FRAE WA = . . — a1
Soclal history s_LIH' ME.COM | police records Tobaccoy/aloohol use DIGITAL. | ; BLOGS
CLINICAL— ——
Family history ANCestry.com ELHCITE.E e i i
Symptoms Imdiract from OTC purchases . " PHYSICAL ™ il i TWEETS i
P i T R — —
Fitmess club memberships, '_R:E':LT i : {:KAI.IIHMI:]JS il
I.H:E'st!flﬂ Arocery s - b o 1 CARD E . F
grocery store purchase 4 plsay S il !
FJQ\.HA}.‘.}.— 'F PAFEH H— FACEEOOK ™
socloeconomic Census records, Zillow, Linkedin ™. JLIHIEAL_ :  POSTINGS .
soclal network Facebook friends, Twitter hashtags B AF
Climate, weather, public health databas S e
Environment HealthMap.org, GIS maps, EPA, phone ahe News feeds
=I=
Probabilistic linkage to validate existing data or fill in missing data
Examples of blomedical data Abily to Unk data to an Individuwal Data quantity
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