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Using EHR/PHR for clinical
research

« $2.5 trillion industry

 not whether, but what and how



Setting



EHR adoption

 Ambulatory
—-17%

* Hospital
— 77% laboratory
— 15% system

« $19 billion for EHR adoption



EHR at one campus

2,500,000 | patient records

62,000,000 | laboratory batteries

6,000,000 | provider notes

34,000,000 | ancillary reports

20,000,000 | orders

NewYork-Presbyterian Hospital/Columbia




National data, per year

1,000,000,000 |visit notes

35,000,000 | admit notes, discharge sum.

46,000,000 | procedure notes

3,000,000,000 | prescriptions

1,000,000,000 | laboratory tests

>50,000,000,000 | facts




PHR

* Tethered
— Allscripts
— Epic

* Untethered
— HealthVault
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How the EHR/PHR may help

Data

Subjects — patient recruitment
Knowledge — sample size
Continuity — long term follow up

Fully EHR-based observational studies
— without case-specific curation

6. Fully EHR-based interventional trials

o kb=



Supply data



EHR

* Been using for decades

* Manually curated
— Read record, enter into research database



PHR

* Information that would not otherwise be
captured

“As the new templates are being
developed for the EHRSs, how is family
history being documented? In any
consistent way?”
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“Although | understand the reason for
performing in this way, this won't provide
much helpful information because it is so
shallow.”



£ Family Health History - Welcome - Mozilla Firefox (=] 5}

Fle Edit View History Bookmarks Tools Help

61@' c x L mhttps:Hfamilyhistory.hhs.govfﬁhwebmome.acﬁon i |'|Gc-ogle ,':"

My Family Health Porvtrait

A tool from the Surgeon General

Using My Family Health Portrail you can:

s Enter your family health history.

= Create drawings of your family health history to share with
family or health care worker.

+ Use the health history of your family to create your own.

Talking with your health care worker about your family health history
can help you stay healthy!

Learn more about My Family Health Portrait

Glossary | FAQ | Accessibility | Prvacy & Security Policy | About This Site | Contact Us | Site Updates




Family Health History - Family Health H

ory - Mozilla Firefo

We start the family history with you. Enter the required personal
information and your health history information. At the bottom of
the page (you may need to scroll}, click the "Next" button. You
will then be asked to tell the system which family members you
would like to add to the health history.

*Indicates required information.

Name: ||

“Gender: C pMale © Female

“Date of Birth: |
mm/dd/yyyy

Were you " Yes - dentical (Same) © Yes - Not

borna twin?  \qensical (Fraternal) © No

Were you C yes
adopted?

Height: | | Feet | |Inches

Weight: |_|

Select the diseases and conditions as well as what age the
disease came. If a disease or condition is not on the list, select
"Other - Add New" to add a new one fo the list. (Any disease
that you add will appear at the bottom the list so it can be
selected for other relatives.) If this person does not have any
diseases or conditions, this section may be skipped.

Disease or | -Select Disease- @
Condition:

Age at —Select Age at Diagnosis—
Diagnosis: ! E




Recruitment



Study recruitment

* Use EHR to find patients eligible for trials,
inform doctor

« Patient seeks out a specific study, with the
aid of a PHR

 Patient volunteers to be contacted for
future studies, select via EHR/PHR



J TrialX - Enabling Patients to Find New Treatments through Clinical Trials Recruitment - Mozilla Firefox

Fle Edit View History Bookmarks Tools Help

ﬁ c x 1Bl |—l_'§t'|htt;:l:,|f,lw\n\l\n\l.mal)(.oam,.r {:f b |"Google _Q

Sign Up a= Patient | Sign Up as Investigator | Signin T

I E“E‘\' Enabling Patients to Find New Treatments.

.

Home Takera Tiour Patients InvVestigators Gommunity’

TrialX is a free service to
enable you to find new
treatments in your area =

You don't have to
spend hours finding
a trial or investigator

lLearn More

“TrialX matches patients to relevant clinical
( tnials based on their health information™ b

- The New York Times

Feedback

What is a Clinical Trial? News & Events
Clinical trial is the scientific term for a test or study of a drug or medical device in people. These = Meet us at the Microsoft Connected
tests are done to see if the product is safe and effective for people to use. Health Conference 2009, June 10-12,

2 i % Seattle, WA
Why volunteer in a Clinical Trial? S

-

TrialX wins first NYC Entrepreneur
By taking part in a clinical trial, you can try a new treatment that may or may not be better than Venture Competition!

those that already exist. You can also help others better understand how the treatment works in
people of different races and genders.

b

Meet us at ACRP 2009 Drop by Booth
Continue reading... #323 Apr 25-27, Denver, CO

Start Here! all services are FREE! Your data are kept completely secure and confidential.

Search Trials By Condition or Treatment TrialX Facts

Recent Searches

= 14,000+ ongoing clinical

Enter CDnditiﬂl’lSi| uveitis anterior 2 munutes ago trials approved by the US
Example: diabetes, breast cancer FDA
AND/OR prostate cancer 3 minutes ago
: = BOOO-+ clinical trial
Enter treatments:l bvpoplasia pulmonary 4 minutes age investigators

Example: glutamine, infrared therapy i
fracture 4 minutes ago :
= 3000+ and counting

Find Clinical Tnals b X i participants matched to
asal cell carcinomas 5 miinutes ago

clinical trials

-

Get Matching Trials based on your Personal Health Record TrialX Services
- » Twitter App New!
Copy FROM G l
(copy From (@ HealthVault ) (H)e&h)g C o
He is the way I store and share | TrialX is a part = _Investinator Renistration

K




Fully EHR-based
observational studies



Recent examples

Worsening hypertension and incomplete treatment in
Netherlands and Italy

— Integrated Primary Care Information (IPCI) of Dutch GPs

— retrospective cohort

— Sturkenboom ... J Hum Hypertens. 2008;22:704-13

Hypoglycemic episodes increase risk of dementia

— Kaiser Permanente

— EHR and previously surveyed (future PHR?)
—  Whitmer ... JAMA. 2009;301:1565-1572

Does radiographic contrast material really cause kidney
damage
— non-contrast studies have the same rise in creatinine

— check accuracy of traditional studies
— Newhouse ... Am J Roentgenol. 2008;191:376-82



NEJM (2 months)

18 randomized clinical trials
» 1 used a registry to recruit patients

4 analyses of biological samples
3 large population cohort studies
2 questionnaire-based studies

1 multicenter observational trial
 genetic samples & manually curated clinical data



Solvable challenges

Lack of penetration of EHRs
Distributed systems
Inconsistent formats

Privacy



Data exchange standards

* Clinical trials data standards

— Clinical Data Interchange Standards Consortium (CDISC)
» standards for clinical trials data

— cancer Biomedical Informatics Grid (caBIG)
« open infrastructure for sharing bioinformatics data and knowledge
 Clinical care data standards
— Health Level Seven (HL7) version 2
— Health Level Seven (HL7) version 3
* Reference Information Model (RIM)
 Clinical Document Architecture (CDA)
* Interoperability between the electronic health record and
electronic data capture
— CDISC eSDil, eClinical Forum/PhRMA EDC/eSource Taskforce

Ohmann ... Method Inform Med 2009;48:45-54



Terminology standards and tools

International Classification of Diseases (ICD)

Current Procedural Terminology (CPT)

Digital Imaging and Communications in Medicine (DICOM)
Logical Observation Identifiers Names and Codes (LOINC)

Systematized Nomenclature for Medicine-Clinical Terms
(SNOMED-CT)

Unified Medical Language System (UMLS)

The Medical Entities Dictionary (Top #72145)

Dynamic model viewer
Hierarchy | Slots
2 Parents | 32699 - Serum Potassium Ion Tests

32100 - Serurn Chemistry Test [156] 1-UMLS-CODE: C0238573 -
32310 - Intravascular Potassium Test [8] B-SYMNONYMS:

P-HAS-PARTS *

B-PART-OF*

11-DEFINITION:

14-ASSESSES-SAMPLE *"2393 - Serum Chemistry Specimen”
1B-ENTITY-MEASIURED *"32051 - Potassium"
17-UNITS
23-TEST—-RESULT-TYPE *"1178 - Number or String Result”
35-CPMCINORMALALUE

32699 - Serum Potassium Ion Tests jgggmg.h?&%%gmﬁ?{;i%%
1609 - Serum Potassium lon Measurement AT-CPRACALEL COA-HORMALAALUIE
32713 - Serum Potassium lon Measurement 2 42-CPMCMALEHIGH-NORMAL-VALUE:
35994 - CPMC Laboratary Test: Potassium{allan) ji'ggmg’ig mitg'b?[m%%?m’:{iﬁiﬂi
56254 - CPMC Laboratony Test: Serum Potassium Measurement A CPMONORMAL-PANGESTEXT
B0-MAIN-MESH:
51-SUPPLEMENTARY-MESH: potassium and blood
125-COLLECTED-BY'* "33023 - Specimen Callection”
133-HAS-DEFAULT-DISPLAYS *
136-ELEMENTS-DISPLAYED-BY *
138-5-DISPLAY-PARAMETER-OF * "40444 - Chem-7 Display”
4 Children 138-5-DISPLAY-PARAMETER-OF * "40445 - Chem-20 Display" =l

Select new Medcode: I * Submit | Clear | * Search the MED: * Om Slot: [Al <]

w o oo o |
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Interoperability projects

* Nationwide Health Information (NHIN)

— Electronic Health Records/Clinical Research
— Pharma and health care
e 12b2
— NCBC open source framework for translational
research

— primary role to bridge clinical research data and basic
science knowledge

— components for reusing EHR data

Ohmann ... Method Inform Med 2009;48:45-54



Privacy

HIPAA
IRB
Perception
Value



Hard challenges

* Quality of the data

— Ambiguous or unknown meaning
— Accuracy
* 50-100% dCCUracCy [Hogan JAMIA 1997]
— Completeness
* mostly missing
— Complexity
 disease ontologies
* Bias



Data quality

* All medical record information should be

regarded as suspect; much of it is fiction.
 Burnum JF ... Ann Intern Med 1989

« Data shall be used only for the purpose for
which they were collected. If no purpose
was defined prior to the collection of the
data, then the data should not be used.

* van der Lei J ... Method Inform Med 1991



No more and no less

 PERRLA

Pupils equal, round, reactive to light and accommodation
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Medicine resident daily progress note:
1. Events overnight

Me:

& Resident Daily Progress Note - Structured Notes
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Medicine resident daily progress note:

Internal Me:

e Structured Note - Structured Notes
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‘| don’t read notes anymore; | just write
them.”



Narrative text entry

Expressive

Cut and paste
... 36 year old man ... 27 year old woman ...

Misspellings and interesting abbreviations

— text messaging
s/p LURT 1998 c/b 1A rejection 7/07 back on HD

Not computable



Natural language processing

pulmonary vascular congestion

change: increase
“Slight increase of / degree: low

pulmonary vascular

congestion with new pleural effusion
left pleural effusion, ™ region: left
question mild status: new

congestive changes”
\ congestive changes
certainty: moderate

degree: low



observe

_ & author read
Interpret
Truth —— Concept — Record — Concept
Health status of Clinician or EHR/PHR 2nd clinician’s
the patient patient’s conception of
conception the patient (or
self, lawyer,
compliance, ...)
Process
v
Model
Computable

representation



observe

_ & author read
Interpret
Truth — Concept — Record — Concept
Health status of Clinician or EHR/PHR 2nd clinician’s
the patient patient’s conception of
conception the patient (or
Error Error Implicit _Self: lawyer,

compliance, ...)

Error —— | process

\4

Model

Computable
representation



“State of the art”

* How to circumvent messy data

— For the past several decades, use iteratively
derived heuristic rules generated by
knowledge engineers and domain experts

— Optimize sensitivity and specificity



TB detection

R1. Positive Mycobacterium tuberculosis culture
R2. Positive acid fast bacillus smear or any positive Mycobacterium culture
R3. Chest radiograph report whose description or impression section is either:

(a) highly suspicious for tuberculosis (radiologist mentions tuberculosis or cavitary disease)
OR

(b) moderately suspicious (various forms of infiltrate, granuloma, effusion, or pleurisy) with
Immunocompromise (implied by use of medications that treat complications of
Immunocompromise or by tests that demonstrate immunocompromise)

R4. Inpatient use of anti-tuberculosis medications

R5. R1 or R2 (approximates laboratory criteria)

R6. R3 and R4 (approximates clinical criteria)

R7. R1 or R2 or {R3 and R4} (approximates overall criteria)
R8. R1 or R2 or R3 or R4 (most sensitive rule)



* Tedious
* Imperfect results
* Must be a better way to do this



Population issues



Inpatient mortality for community acquired pneumonia

35
30
25 | [
[ ]
20 + 18715 cohort
£ e 1935 cohort
15 Fine

Mortality (%)

{ 18715 cohort
:[ +CXR
+fdg

5 -recent pneu
l -recent visit

1935 cohort
above plus
3 4 5 +DSUM exist
+ICD9 (pneu
Fine class not sepsis)

Hripcsak ... Comput Biol Med 2007;37:296-304
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Using EHR/PHR for research

EHR/PHR

1. IT and policy

— standards, privacy, ...
data available

2. mimicking human curation
— NLP, semantic terminology, ...
data interpreted — domain knowledge & implicit info

3. addressing inherent bias
— EHR bias
true associations — bias in retrospective studies



10 Maastricht rules for reuse

1. State the research purpose before collecting
the data

2. Define the population denominator; the unique
identifier used to link patients to their data
should be identified

3. Record the characteristics of the practices
involved in the study

4. Describe the context of data: personal, cultural,
technical, health system, financial

5. ...

de Lusignan ... Inform Prim Care. 2006;14(3):203-9



Maastricht rules

* Pretty much renders magical EHR-based
research infeasible



Can we learn from the data?



Physics of medical records

« Study the EHR as an object of interest in
itself

— model mention of pneumonia instead of
presence of pneumonia

« Use the EHR to learn about the EHR

* Apply methods from nonlinear time-series
analysis

I(X;Y) =Exy|SI(z,y)] = Zp{:;r:,y) log pﬁ;;ﬁ)




Mention of pneumonia

Present o [ ] K* [ ]
Mentienred as ___Ment ed as--_
’ -~ ~
/" presents - present .
’ \ P N
/ \ ,/ N
’ \ - N
\ Pid \
\ -, \
\ e \
R - \
N P N
N . s . . .
. Mentioned as _.="" No information Nohrpen_tloned in list of
v, absent - ~diseases @ ___----
~ P
Absent - -




Completeness, sampling bias

Time >
Patient state:

Patient stable Patient ill Patient stable Lapse in visits Patient stable

@ -

Theoretical predictability w.r.t. time (delta-t):

Clinician sampling: °
[
°
Value ° ° °
) °
o o ° °
° ¢ [ i

Predictability w.r.t. sequence (tau):




Glucose by At and tau

Mi
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Glucose for one patient

mutual information

Mutual information for glucose on asingle patient

0 2 4 6 8 10 12

——e— ordered
- - -@- - - shuffled




Glucose at tau="1

Ml

Glucose tau=1

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0
0.0001 0.001 0.01 0.1 1 10 100 1000 10000

delta-t (days)




EHR-based interventional
trials



EHR-based interventional trials

* Netherlands Integrated Primary Care Information
« “Randomized database studies”
Gl tolerance of 2 NSAIDs for osteoarthritis

600,000 | total population covered

141,395 | MD participate

7,127 | osteoarthritis and NSAID

170 | eligible (visit timing, indication)

20 | consented (GP busy, pt refuse)

Mosis ... J Clin Epidemiol. 2006;59:497-502




Role of EHR-based research

* Would like to infer causality
— randomized clinical trials
— comparative effectiveness
* Hypothesis
— generation
— refinement
— testing




Summary

« EHRs and PHRs are and will be useful for
clinical research

* Working on the solvable challenges

 The EHR and PHR are insufficiently
studied and deserve more attention



