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Why Is LIS Connectivity and

Interoperabllity Important?

A Over 200,000 Cliéertified clinical labs in the US,

with each possessing one or more electronic
Interfaces

A Every interface is unique at a technical level

A Meaningful Use (MU) Stage II/11l Stipulation: > 40%
of test results ordered by eligible or authorized

professionals must be recorded sisuctured results
In the provider EHR:

I This implies a impending deluge of interface upgrades for
new and existing interfaces

I Added requirement for structured recording implies use of
LOINC and of schema namespace development
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There is an expansion in the recognized definition of who constitutes
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I Hospital EMR
I Cancer registries
I The patient
I Healthcare agencies with associated reporting expectations (state and federal
I Other health systems (recognizing the emergence of touristic medicine)

There is an expansion in the complexity (and dimensionality) of the data
that we are reporting

There is an expansion in the plurality of justime data that we require
for decision support, to enable us as diagnosticians to render the most
correct and complete diagnoses

Enabling all the above workflow models is at least partially dependent on
creating and themmaintaininga plurality of information system interfaces

Our current LIS interface development and curation model is broken and
unsustainable



Overview

A Where we are (conventional LIS interface models)

A High level gap analysis of anticipated LIS interface functional
requirements andKey Conceptm the setting of likely future state
iInformation delivery settings:

I Reverse federation

I Web Portals

I Web Services

I Cloudbased Information Exchange

I Cloudbased data orchestration and transformation

i Data permanence and impermanence settings

i LIS interoperability

A Examples of advanced LIS interoperability deployment:
I LIDDEX
I Thiopurine Metabolite Calculation

I Automated Orchestration of Structured AJCC Breast Cancer Reporting



Where We Are
(conventional LIS interface models)

A Notable Quotes:
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A Unsustainability of current LIS interface stewardship model
must be addressed in anticipation of the coming meaningful
use surge of functional requirements

A The only way to accomplish this will include
I True standards (not simply HL7. &nx

I Standard development, validation, deployment and continued steward
ship models

I Increased use of clodblase computing and standardized web services

I Tight coordination of efforts between the user and vendor
communities



Gap Analysis:

on the need for enabling technologies and methods

A eXtensible Markup Language (XML)

A Federated architectures (Peer LIS, Cloud Network)

A Properly adjudicated namespaces and strongly typed concepts and data elements |
11179)

A Serviceoriented Architectures (SOAS) and normalized data models
A Grid Computing
A Cloudbased ServicArchitectures

Our present manner of construction of conventional LIS interfaces differs from the abov
list in essentially every aspect



Concept: Reverse Federation

A Not only does the LIS serve the greater EHR
connectivity ecosystem, so ghouldthe greater
plurality of EHR repositories serve the LIS and its
emerging workflow needs, in the capacityd#cision
supportdata feeds assisting in report generation.

I Increasingly essential for:
A Molecular reporting
A Personalized medicine

A Synoptic cancer checklist reporting of correlation of
histopathology staging in concert with clinical stage and
longitudinal reporting (AJCC Cancer Staging Mantiadition
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Web Portals

A Rapidly becoming Commoditized

A Multiple deployment strategies:
i dl 2E8IR S Y £
I LISprovided
I Thirdparty best of breed solutions

A Can be either locally hosted, remotely hosted (SAAS), or bott

A Multiple potential users:
I Clinicians
I Outside RHIO institutions and entities, in the setting of Meaningful
Use Phases Il & Il
I Patients themselves



Web Services

A A logical extension of Web Portals

A The only logical interoperability strategy for
true LISLIS connectivity

A Field proven, through the multiple public
demonstrations of true federated LIS
connectivity by the LIDDEX consortium.



Cloudbased Information Exchange and

Interoperabilityof Lab Data : X
The Laboratory Digital Data Exchange

Consortium (LIDREEXperiences to date

Clinical need as a motivation:
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Initiated enterprises, such that clinical results can be exchanged on
demand, in real time.
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Additional Observations:

Despitethree+ decades of firmly entrenched information technology presence
within the clinical laboratory domain, there had been:

A No emergence of a standardized, seamless & interoperable solution by whict
records can be exchanged between institutions, without the need for
customized interfaces and programming

A No public attempts to demonstrate such interoperability at domain

appropriate events (as already has been demonstrated with Radiology and
EHR systems)
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A WhatLIDDEis:

A partnership of vendors, academia and government

A realworld example of cuttingedge federated web architecture at
work

A realworld example of grid services attached to the federation,
adding incremental value to retrieved data, in the form of
Interpretative services

An interactive experience, whereby attendees of PI2010 can observe
seamless LIS/Grid interoperability in an actual federated architecture

Sharing of simple patient results and interpretive results
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‘ LabWizzard®

2. Retrieval of hash, subsequent query at each LIS site to obtain same-patient data across federation
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Untitled1.xml [sters,."ianjdev!caTis5ueCoreLoader!UﬁtitIedl.xml] - <oXygen/> XML Editor

DE}'E:/ *@C\ E&:’*‘("z) |:| i External Tools - :SaxonSA -
“XPath 2.0 ~  /rootelement ~) & (] i
T @ build.xml = m‘ L ;
% 1 <7xml version="1.8" standalone="yes"7> L
= 2 = <rootelements i c
) 3w <lab_results> 3
5 | 4 <InterOp_Site_Key>6864</InterOp_Site_Key> —
5 5 <InterOp_Site_Name>UM Reference Node</InterOp_Site_Name> )
g B = <lab_result Flag="" Location="University of Michigan" Resulted_Dote="2020-89-07"> =2
= 7= <lab_test LOINC_Code="2571-8" High_Test_Reference_Range="@8" 3
2 8 Low_Test_Reference_Range="15@0" Unit_of_Measure="mg/dL " E
= 9 Test_Method="Enzymatic Colorimetric"/> LI §
< 10 - <Numeric_Test_Result> o
fee) 11 <valueModifier>=</valueModifier> m
— 12 <actualValue>184</actualValues Z
) 13 </NMumeric_Test_Result> @
= 14 </lab_result> £ 3
g 15 = <lab_result Flag="" Location="University of Michigan" Resulted_Dote="2020-89-07"> oo
a 16 = <lab_test LOINC_Code="2777-1" High_Test_Reference_Range="2.7" %
L1} 17 Low_Test_Reference_Range="4.8" Unit_of_Measure="mg/dL" .
18 Test_Method="Phosphomolybdate” /> =
19 = <Numeric_Test_Result> e
20 <valueModifiers=</valueModifier> 5
21 <actualValue>3</actualValue> E
22 </NMumeric_Test_Result> =1
23 </lab_result> £ 3
24 = <lab_result Flag="L" Locotion="University of Michigan" Resulted_Date="Z20@9-87-26"> ’.'
25 = <lab_test LOINC_Code="3@894-@" High_Test_Reference_Range="8" w
26 Low_Test_Reference_Range="20" Unit_of_Measure="mg/dL " Test_Method="Urease"/> =
27 = <NMumeric_Test_Results> a
28 <valueModifiers=</valueModifiers o
29 <actualValue>5</actualValue> 3
30 </Numeric_Test_Result> g
£ </lab_result> 3
2= <lab_result Flag="" Location="University of Michigan" Resulted_Daote="Z282@-89-87"> 9
33+ <lab_test LOINC_Code="19123-9" High_Test_Reference_Range="1.5" T
34 Low_Test_Reference_Range="2.4" Unit_of_Measure="mg/dL " Test_Method="Formazan Dye"/>
35 = <Numeric_Test_Results
36 <valueModifiers=</valueModifier>
7 <actualValuesZ</actualValues>
38 </Numeric_Test_Results
39 </lab_result>
40 = <lab_result Flag="" Location="University of Michigan" Resulted_Dote="Z2009-87-13">
4] — <lab_test LOINC_Code="19123-9" High_Test_Reference_Range="1.5"
42 Low_Test_Reference_Range="2Z.4" Unit_of_Measure="mg/dL " Test_Method="Formazan Dye"/>
43 = <Numeric_Test_Result> Lv B
=
Grid Author
|I Format and Indent successful U+0020 31 |Modiﬁed

| fUsers/ian/dev/caTissueCorelLoader/Untitled 1.xml
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External Tools -~ i SaxonSA -

: XPath 2.0 ~ lfrootelement,n’lab_results

7] e ®
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=

1| eas Outline SR TR —— P ;
-% : : @=" O & 15 = <lab_result Flag="" Location="University of Michigan" Resulted_Date="2020-89-87"> Iy g
& @ rootelement 16 = <lab_test LOINC_Code="2777-1" High_Test_Reference_Range="2.7" r &
9% | v @ lab_results 17 Low_Test_Reference_Range="4.6" Unit_of_Measure="mg/dL" B
F 1 ] _Inteer_Site_Key 6864 18 Test_Method="Phosphomolybdate" /> ~ &
g @ InterOp_Site_Name UM Referenc 18 = <Numeric_Test_Results )
§ > @ lab_result 20 <valueModifiers=</valueModifiers> o
& b @ lab_result 21 <actualValue>3</actualValue> 3
E > ® lab_result L' 22 </Numeric_Test_Result> 2
o vy o m 23 </lab_result> k]
5 ® lab_test "19123-9" 24 = <lab_result Flog="L" Locaotion="University of Michigan" Resulted_Date="20@9-87-26"> l_ﬂ]
it ¥ ® Numeric_Test_Result 25 = <lab_test LOINC_Code="30%4-@" High_Test_Reference_Range="8" m
o & value_ru'lodiﬁer = 26 Low_Test_Reference_Range="28" Unit_of_Measure="mg/dL " Test_Method="Urease”/> - §
® actualValue 2 27 = <Mumeric_Test_Result> ]
> @ lab_result 28 <valueModifier>=</valueModifier> B
b @ lab_result 29 <actualValue>5</actualValue> ]
[ Iab:result 30 </Numeric_Test_Result> *
> @ lab_result 3l </lab_result> 2
> @ Iab:result 32 <lab_result Flag="" Location="University of Michigan" Resulted_Date="20208-83-87"> =
» @ lab_result 33 = <lab_test LOINC_Code="19123-3" High_Test_Reference_Range="1.5" ‘%
> @ lab_result 34 Low_Test_Reference_Range="2.4" Unit_of_Measure="mg/dL " Test_Method="Formazan Dye"/> 2
» @ lab_result 5= <Numeric_Test_Results> 35
> @ lab_result 36 <valueModifiers=</valueModifiers &
» @ lab_result 37 <actualValue>2</actualValue> |3
> @ lab_result £l </Numeric_Test_Result> b
> @ lab_result 39 </lab_result> o
» @ lab result 40 = <lab_result Flag="" Location="University of Michigan" Resulted_Date="Z2009-87-13"> 3
> @ Iab_result 41 = <lab_test LOINC_Code="19123-9" High_Test_Reference_Range="1.5" E
b @ lab_result 42 Low_Test_Reference_Range="2.4" Unit_of_Measure="mg/dL " Test_Method="Formazan Dye"/> =
» @ lab result 43 = <Numeric_Test_Result> 2
[ Iab:result 44 <valueModifiers=</valueModifier> %
¥ @ lab_results "hitp://www.w3.0rg/19¢ 45 <actualValuesZ</actualValues 2
@ InterOp_Site_Key 9862005 46 </Numeric_Test_Result> il
@ InterOp_Site_Name SunguestlCE 47 </lab_result>
» @ lab_result "mmol/L" 48 = <lab_result Flag="" Location="University of Michigan" Resulted_Date="2020-89-87">
> @ lab_result "mmaol/L" 49 = <lab_test LOINC_Code="2571-8" High_Test_Reference_Range="@"
> @ Iab_result "mrmol/L" 50 Low_Test_Reference_Range="15@" Unit_of_Measure="mg/dL "
h 51 Test_Method="Enzymatic Colorimetric"/>
52 = <Numeric_Test_Results
53 <valueModifiers=</valueModifiers>
54 zactualValue=138</actualValues
55 </Numeric_Test_Results>
56 </lab_result>
57 = <lab_result Flag="" Location="University of Michigan" Resulted_Date="2009-87-26"> v &
=
[« J ™ »- Crid Author
|,I'Users,l'ianfdevfcaTissueCoreLoaderIUntitIedl.xml |I Format and Indent successful U+003C 32:9 |Modiﬁed



LIDDEX Successes to Date

A 2009 Spring (Lab InfoTech Summit)

I Successful exchange of free text lab results acros:
five vendors

A 2009 Fall (APII)

I Successful exchange of semanticalhcoded lab
results across five vendors

A 2010 Fall (CaBIG Meeting)
I Enabling Research Award

A 2011 Spring
I Under consideration as an enabling construct for



Cloudbased Data Orchestration
and Transformation

A One step beyond use of the cloud as merely
an aggregation and distribution solution

A Instantiation of complex algorithms and rules
In a centrallycurated location, simplifying
both validation and maintenance

A Two Examples:

I Thiopurine Metabolite Testing

I Breast Cancer Checklist structured reporting
validation,pre-signout



Disruptive Potential of use of
Orchestration and Transformation:

A Using the centrally placed rules engine to carry out-tronal
data transformation tasks:

I Generation of calculated results from ukineigh complexity, rules
based indexed assays, such as the thiopurine metabolites test (which
are extremely difficult to implement in conventional LIS architectures)

I Presignout adjudication of surgical pathology breast cancer reporting,
for compatibility with AJCC published guidelines, allowing for
corrective action prior to signout.

A Implementing such solutions on a plurality (or
multitude) of LIS locales would be intractable, owing
to initial deployment and maintenance burden

A Central curation is the only feasible manner in which to
surface such emerging testing and reporting complexity



Thiopurine Metabolite testing:
The emerging of encoded data
from primary lab test data

Neutrophils
Alkaline Phosphatase
Red Cell Distribution Width

Age
White Blood Cell Count
Platelets
Hemoglobin
Albumin
Glucose
Eosinophils
Aspartate Transaminase
Mean Cell Hemoglobin Concentration
Potassium
Urea Nitrogen
Protein
Mean Cell Hemoglobin
Mean Cell Volume
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mpho S
Meyainlatelet Volume
Monocytes
Alanine Transferase
Calcium
Bicarbonate
Chloride
Creatinine
m= Total Bilirubin
Basophils
| | 1 |
2 4 6 8

% Importance of Clinical Predictors




Sensitivity

Comparing MLA to-6 GN
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AuROC VLA =0.85
- AuROC 6-TGN = 0.59
p=<0.001
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Rippledown® i Common Deployment
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Preview

Clinical Besponse Interpretation
Assuming this patient has been on the same dose of thiopurine medication for at least 4 weeks and is at steady state:

Studies on this patient show a probability for
hematologic and chemistry response to thiopurines,

Clinical response of 14.818%23% which indicates that they have had very little
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Preview

Clinical Fesponse Interpretation
Azsuming this patient has been on the same dose of thiopurine medication for at least 4 weeks and is at steady state:
Studies on this patient show a probability for Clinical Fesponse of 43.38358% which indicates that they have had a moderate hematologic

and chemistry response to thiopurines,

ﬁ Preview
Clinical Fesponse Interpretation
Assuming this patient has been on the same dose of thiopurine medication for at least 4 weeks and is at steady state:

\ Studies on this patient show a probability for Clinical Fesponse of £7.77725% which indicates that thevy have had a good hematologic and

chemnistry response to thiopurines,
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Case View
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CollectTime 5:00:00
CollectDate 221042010
Patient 718
age 25841
sod 1349
pot 47
chlor 107
co2 28
un 15
creat | |
gluc a4
cal 2.8
prot 7.2
ast a4
alh 3.4
alt 28
alk a7
thil 0.3
whe 3.6
hgh 10.1
hct a1
pit 162
mcv a4
mch 245
mchec 324
rdw 149
mpv 2.5
neut 1.6
hmph 0.4
mono 0.4
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"' Edit episode attribute - CR_Rule?

rdw = 18,55
> 6.5
B cr_Cour :
k3 CR_Rule2 true . . .
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Thiopurine Cases

University of Michigan
Date:



