= [abinfotechsummit &
The Value of a Federated
Architecture in Pathology

Part 1: Test Order Entry - Balis
Part 2. Test Result Reporting - Routbort
Part 3. Introduction of LITS-Interop 2009 — Balis and Routbort

April 11, 2008 Las Vegas, Nevada



== [abinfotechsummit &
The Value of a Federated

Architecture in Pathology:
Test Order Entry

Ulysses J. Balis, M.D.

Director of Clinical Informatics

Co-Director, Division of Pathology Informatics
Department of Pathology

University of Michigan

ulysses@umich.edu



Federation: An Overview

« What Federation is and is not

« A brief discussion of Sustainabillity;
Why Federation is needed

« Comparison of current interface
deployment strategies vs. those
which are possible by use of newer
Information model approaches

« Examination of the role (if any) of
Lean/Six Sigma approaches in the
rational deployment of LIS/HIS
interfaces and data dissemination.

« Test order entry as an exemplar of
effective data model of Federation in
Pathology
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Federation

 Not...
— Merely an aggregation of disparate repositories

e |S...

— An opportunity to organize data in a relational manner
across an organization, thus realizing the goal of a
normalized data model

» Single Source of Truth: any single referential data element
exists one and exactly one place in the overall enterprise

— An opportunity to organize not only atomic data but
also, rules and manespaces.
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Why Is federation needed?

* A matter of sustainabllity

— With a small plurality of information sources,
support for individual interfaces is possible

— With increasing complexity, support
requirements experience geometric increase
In complexity

— Interfaces for 2 sites? 20 sites?
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The Imbalance of Infrastructure to
Required Support

Ideal Oversight Model

Clinical Laboratory Continuum Hospital I.T. Continuum

Demarcation of Intended Scope of Influence/oversight
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The Imbalance of Infrastructure to
Required Support

Diminishing Central IT Expertise
Clinical Laboratory Continuum Hospital I.T. Continuum

RS , Demarcation of Intended Scope of Influence/oversight
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The Imbalance of Infrastructure to
Required Support

Diminishing Central IT Domain
Expertise with Lab IT Compensation

Clinical Laboratery Continuum Hospital I.T. Continuum

i
RS , Demarcation of Intended Scope of Influence/oversight
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Some Estimates of Effort

e Typical LIS implementation
— 10+ instrument interfaces
— 2 HIS interfaces
— An average of 2 external HL7 intefaces

o 40 programmer hours/interface/year as a
conservative support metric

e 800+ hours effort/site-year

e 54 Million programmer hours of interface
maintenance and customization effort annually.
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The Pending Imbalance...

Growing domain reporting
complexity of ancillary
specialty information systems

Growing Gap in
representation model

Fixed Hospital IT

expenditures as a
percentage of the
overall budget

Complexity

2007 2§09 2011 2013

|
LIS Data Model complexity exceeds

_ . HIS receiver capabillities
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Federation and the Value Stream

* Observation: Our current operational partitions
end at departmental limits

* Reality: actual workflow, and demarcation of
oversight, spans both departments and
Institutions

e Lean approaches are instrumental in highlighting
that our current model of information
Interchange is critically flawed.

» Goal: Incorporate all aspects of order entry into
a unified information exchange model

— Realize that any system is only as robust as its
weakest link
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Emergence of Lean and Six-Sigma Approaches in
LIS Deployment: how does it apply to Federation?

* There are seven categories of waste (Muda): when applied
to the LIS/HIS production environment continuum, these
categories form the following interesting parallels to the
conventional production setting:

— Overproduction: carrying out more computational effort than is
required to effectively deliver information to the consumer

— Conveyance: imposing more interface transfer
steps than what should be required

— Waiting: delays in reporting associated with cascaded and
single-threaded interfaces.

— Motion: Added complexity of multiple interfaces caused data to
be moved incremental iterations, increasing the chance for
data corruption over each successive step.

— Rework: being forced to re-specify and retest
downstream interfaces when local processes are
modified (e.g. a new addendum method within-
Lab requires validation of the new addendum
functionality at the HIS level)

— Over-processing: extra effort associated with denormalized
data models and the effort to ensure that all copies are kept in
sync with the single source of truth (SSOT), if it even exists.

This imparts risk that one or more copies of the data will
become unsynchronized with the SSOT.

— Inventory: added institutional data storage infrastructure
associated with denormalized data models and storing of the
exact same data elements in multiple locations
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./ The Promise of Federation

Hf

 Recognize that central IT departments have increasing
demands and often diminishing composite resources to
meet such demands

 Recognize that ancillary departments are usually the
most qualified domain experts in terms of appropriate
stewardship of data.

* Recognize that it takes less effort and imparts less risk to
store every data element once and no more than just
once (affirming the use of SSOT principles)

 Reduce time-consuming rework associated with
cascaded interface changes, in the setting of evolution in
both workflow and data model practices.
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What Is Federation?

Conventional Data Model

Downstream
systems

‘“’0
f’&@

B Conventional HL7 interfaces (all different)
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What Is Federation?

Slightly Revised Data Model

Downstream
systems
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Bl Conventional HL7 interfaces (all SAME)
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What Is Federation?

Potential Revised Data Model

Multiple Web Services operating

In a Service Oriented Architecture
providing for real-time display of
participatory Single Sources of Truth

LIS node:
Web-based
Just-in-time
aggregation

Consequences of shifting to a Web-based SSOT model:
«Simplified transfer and display of complex order data types
«Simplified exchange of information via Web-based
standards, supporting intra- and inter- institutional needs

M Participatory SOA-Web servers
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Web Portal Case Study

« Setting:
— “Next generation” Lab Information System is three years away
— In this interval, client and market pressures mandate that additional service
models and IT capabilities be added
 Web Based CPOE-Light
* Web-Based Client support
— Labtolab
— Lab to physician office
— Lab to patient
» Sophisticated standing orders and future orders scheduling capability
* Real-time order to result reconciliation reporting for:
— Lab client views
— Physician office views
— Single patient views
* Need for flexible compartmentalization of patient data to prevent HIPAA non-
compliance
« The reality: it is both impractical and prohibitively expensive to carry out
deployment of such functionality as enhancements or customizations to
legacy architectures; The solution is to federate existing “big iron” to more
nimble modular bundlng blocks (portal solutions, hubs etc)

4 |
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Atlas Medical LabWorks® as a

Possible Modular Solution

* Fully Web-based
« Agnostic to legacy architecture

« Designed for Lab to lab and lab to physician office
support in a multi-client model

« Sophisticated order scheduling capabilities
* Flexible interface model

 Allows the lab presence to remain constant while the
back-end infrastructure evolves, thus providing stability
In workflow for the client

* Highly cost effective as compared to modifying a legacy
LIS

e SOA-enabled
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M University of Michigan
VLY. Health System

Patients Orders Results User Master Files System Help QA send orders to lab previous log out
Patient Search BT, moveew g |
Patient ITEST [T Recently Selected Patients Advanced
Marme D DOR Gender City 0
TEST, AMIC1 Q91558858 05/25/1977 |Female W ANDOTTE ;I
TEST,ASEMND1 Q95577011 0972171968 |Female TECUMSEH
TEST, AUGSEVEM Q85247931 07/12/19581 |Female ALEANY
TEST, AUGTEM Q95577006 05/14/1945 |Male ALEANYT
TEST, AUGTWOMNINE 995577029 O7/28/1957 |Fernale ROESSLEVILLE
TE=T,CHEM1 951357951 07/21/1982 |Fernale ALBAMNT
TEST, JOE 559874 Q57 -45-4444 1241441959  |Male PLAMNO
TEST, JOHM G Q95663214 GhG-65-5522 100441978 |Male SOUTHGATE
TEST, JULY THIRTYOME 953551473 0773171950 |Male ALBANY
TEST,LITTLERCD 995577041 999-99-99z22 01/25/1949 |Male LEXIMNGTOMN
TEST,OCTOBERTHREE Q95577352 0772471952 |Fernale ALEANT
TEST,OCTORERTWO Q95877301 10/15/1997  |Male ALBANY
TEST,PATIENTO1 Q240242005 |Male DallLas
TEST,SUSAN 1212555 1243041954  |Female AMM ARBOR
TESTCPLATLUCY 2241 9444 04/24/1944  |Female AMNM ARBOR
TESTCPL,AUGFOURTEEMN 3051407 085141967  |Male AMNM ARBOR
[

[FMew Patient  [Z]Demographics 5] Insurance [E Delete Patient [T sShow Deleted Patients

tanding Order Mew Lab Qrder

R A




University of Michigan

v Health System
Patients Orders Resulis User Master Files Systen Help QA previous log out
Pati =t TEST AUGSEVEN DOB-fAge 071201981 - 26 Y o 995247931
New Lab Order Frim. Phiys REEVES PARMELA S5M Gender Female
Ord. Phys REEYES,FAMELA Order # AD0O243%

Apply ICD-9s to Selected Tests

Crdered Test 1CD-9s
Renal Panel {MLabs/Clinical Laboratories) VE0.3 ;I
Salicylate Level {MLabs/Clinical Laboratories) W50.3

Delete ICD-9s

Continue




Client Patient
University of Michigan
. Health System Client/Loc Code: 9200ATLP Sem/DOB/Ae: Female 0742M981 26 Years

] q Site Mame: Atlas Patient Bill - TEST Hame: TEST,AUGSEVEHN
:”Lla":'lh:ﬁl '(':_m:lcl'a:m:tu;';: sosq | UMHS - Medical Science 1 UMECP: 033835577
. Medical Center Dr. ) -
Address: 1301 Catherine
nn Arhor, - Ann Arbor, W 45109
Ann Arbor, MI 48109-5054
734-936-2598 {Local) S5H:
800-862-7284 (Toll Free) Cliernt MRH: 98524793
Address: BS54 WEST
Phane: (T3763-2333 ALBANY, MY 12207
Phone: (14239673574
Send Additional Copy To: Primary Insurance Order
Physician: Insurance Name: Aetna HWO Billing Type: Inzurance
Contact Info: Palicy/Contract #: RO76356 Collected: 10/09/2007 11:23
Graup #: ATET43 #las Order #: AD02498

Policy Holder's Name: TEST AUGSEVEN - Self

Pocy Holdets D0B: 071211951 (LR e

Date of Collection: 10092007 Inzurance Hame: Ordering Physician:  REEVES,PAMELA
Time of Collection: 11:28 PolicyfContract #: Ordering Physician §: 4684
Group #: Atending Physician:  REEVES PAMELA,
Phlebotomist signature £ Code: gjm Policy Holder's Mame: Atending Physician #: 4584
Policy Halder's DOB: Order Erterad By: alanjohn
Chnical Info
Information typed in here appears on the requisition and the report.
Notes
URINE WOL 24HR [FASTING RANDOR
Mates typed in here dizplay on the requisition only.
Test Name Temperature ICD-9 Codes
2 ml Serum S5T/Gold {Corvac) Refrigerated
REMAL Renal Panel Yals
SaL Salicylate Level WE0.3
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University of Michigan
i Health System
Patients Orders Resulis User

Master Files Systemn Help QA

send orders to lab

previous

log out

-

TESTAUGSEYEN

Frim. Phys REEWES PAMELA

'L Pati erit

DOE-Age 07241981 - 268 Y 10

S5H

986247331
Gender Female

ABN PrintedfSigned

Collected Order Status Marme (s} Acct  |[Phys Type []
10409407 11:28/A002495 Received By LalTEST, AUGSEVEN 955247931 9200 |REEVES,PAMELA |Insurance | &
10/04/07 15:29/A002460 Received By LafTEST,OCTOBERTHREE 9955877332 9200 |REEWES,PAMELA |Insurance
10/03/07 15:00/4002459 Received By LAt TEST,OCTOBERTHREE |998877332 9200 |magesen,Matthew Insurance
10/03/07 13:50/A002456 Mot Sent To LabJOHMNSOM,ANNIE 995577044 9z00 |akin,Cem Insurance
09/20/07 11:16/A002447 Mot Sent To LabJOHNSOM,ANNIE 995577044 2200 |akin,Cem Insurance
09/20/07 09:06/A002446 Mot Sent To LabJOHMSON,AMMIE 995877044 9200 |Akin,Cem Insurance
09/20/07 08:52/A002445 Mot Sent Ta LabJOHNSOM,ANNIE 995877044 9z00 |akin,Cern Insurance
09/20/07 0&:26/A002444 Mot Sent To LabJOHNSOMN,ANNIE 995577044 2200 |akin,Cem Insurance
09/20/07 08:23/A002443 Mot Sent To LabJOHMSON, AMMIE 995877044 9200 |Akin,Cem Insurance | _ |
09/18/07 15:17A0024 38 Mot Sent To LabJOHMSORN,AMMIE 995877044 9200 |GRADWOHL,STEVIInsurance
09/17/07 17:20/A0024 36 Received By LabCAT,FLAT 995577032 9200 |GRADWOHL,STEVIINnsurance
09/14/07 15:25/A0024 32 Mot Sent To LabJOHMSON, AMMIE 995877044 9200 |CABANA MICHAELInsurance
09/14/07 15:15/A002431 Mot Sent To LabJOHMSOMN,AMMIE 995877044 9200 |MAMDELL,STEVEM | Insurance
09/14/07 15:03/A002430 Mot Sent To LabJOHMNSOM,ANNIE 995577044 9200 |CABANA MICHAELINsurance
09/14/07 15:02/A002429 Mot Sent To LabJOHNSOM,ANNIE 995577044 9200 |[CAMPBELL,DARREInsurance
09/14/07 15:01|A002423 Sent To Lab JOHMSON, AMMIE 995877044 9200 |HERTZ,ROGER Insurance
09/14/07 11:01/A002422 Received By LatTEST,LITTLER.OD 995877041 9200 |CAMPBELL,DARREInsurance b
[Y Requisition  [5 order  [B|Edit Order Delete Order  [[Missing Information [ Send Crder Add-on Test [ Cancel Tests
Blupdate Demographics Bl Re-Order Tests

Test Code

Issues

Test Name

Tests for Selected Order #A002498

Status

I1CD-9 Codes

Passed LCD/NCD

Lab

REMAL

Renal Panel

Received By Lab

Wa0.3

Passed

MLabs/Clinical Labora

SAL

Zalicylate Lavel

Received By Lab

Wal.3

Passed

MLabs/Clinical Labora

T
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Patients Orders Resulis User

Lab Reports

Lab Reports

University of Michigan
Health System

Master Files System Help QA

send orders to lab

previous log out

-

Patiert TEST AUGSEVYEN

Frim. Phys REEVES PAMELA

DOE-Age O7/AM2/M381 - 26 %

S5H

10

985247331 |

Gender Femnale

[Q] search Criteria

j{s]

Order #

Collected

Feported

MNew |Lab
x|

Unsolicited Tests

1

Status| @

| MFinal |-

Patient

TEST,AUGSEYEN

| 985247931

[NIEFEE] 10/09/07 11:2810/09/07 11:55]

5 Report

i Historical [T Mark Report 4z Read  [5 Order

Issues

Tests for Selected Order £ADD2498

Test Name

Status

1CD-9 Codes
WE0.3

Passed LCD/NCD
Passed

Lah
MLabs/Clinical Labora

Test Code
REMAL

Renal Panel

Final

Final

WE0.3

Passed

MLabs/Clinical Labora

Zalicylate Level

e bbbt A




University of Michigan
Health System

MLabs/Clinical Laboratories
1500 E. Medical Center Dr, SPC 5054
ann Arbor, MI 48109-5054
734-936-2598 (Local)

500-B62-7284 (Tall Free)

LABORATORY REPORT

PATIENT NAME UM CPI

TEST,AUGSEVEM 033835577

654 WEST CLIENT MRN
985247931

ALBANY, MY 12207

SEX DOB AGE PHONE

Female |07/12/1981 |26 vears |[(1421987-3574

REPORT STATUS

FINAL PAGE 1 OF 1
UM ACCESSION # ORDER # REPORTED
07-282-00017 A00Z493 10/09/2007 11:55
COLLECTED IN LAB RESULTED
10/09/2007 11:28 10/09/2007 11:46 |[10/09/2007 11:54

ORDERING PHYSICIAN:
REEVES ,PAMELA
ORDERING LOCATION:
UMHS - Medical Science 1
1301 Catherine

Ann Arbor, MI 45109
CLIENT ID: 9Z00ATLP

CLINICAL INFORMATION

Infarmation typed in here appears on the requisition and the repart,

TEST

RESULT

ABNORMAL

REFERENCE RANGE

Fenal Panel
Comment

See Below H

Test specific comment displays with that result on the report.

S30DIUM LEVEL
POTASSIUN LEVEL
CHLORIDE

CoZ

UTRELA NITROGEN
CREATIHINE
GLUCDSE LEVEL
CALCIUM LEVEL
PHOSPHORUS LEVEL
ALEUMIN LEVEL

E3T GLOMERULAFR FILTRATION EATE

AFRICAN AMERICAN EGFE
HOH-AFRICAH AMERICAN EGFR

R Lbinfotasha it A

145
3.5
105
30
15

70

1.2 H
205 H
5.2 H
53 L

136-146 MEQ/L
3.5-5.0 MEQ/L
99-111 MEQSL
24-34 MEQ/L
5-20 MG/DL
0.6-1.0 MG/DL
73-110 MG/DL
8.6-10.2 MG/DL
2.5-4.9 MG/DL
3.5-4.9 G/DL

59 ML/MIN
59 ML /MIN




HL7-based message exchange

1 m e——— .

MSH|*~\&|PP RESULTS]|||200609140803||ORU”R01|20060914080358|T|2.3

PID||150|44(|R||19851015|M||C|765 Renshaw St TUCSON"AZ"85741"USA||(520) 324-7778|(520) 324-7779]|S||1|156451598

PV1|1]|]|||789”Referring John "DAM.D.|[MAM A ||| |

ORC|NW/||SUR0200289"AP||O||||200609140803|PCF||789"Referring*John"DM.D.||(520) 344-7777|||[/II[l|ST 1"VANCOUVER"BC"V5M 2E9"CAN

OBR|1||SUR0200289|SURG"Surgical Procedure|||200606200000]||||||200606210000|"LIVER BIOPSY

OBX|1|FT|22633-2"Path-Nature of Specimen”LN|1|SPECIMEN(S): A LIVER BIOPSY||||||F|||200606211454||TM

OBX|2|FT|22636-5"Path-Clinical HistoryLN|1|CLINICAL HISTORY: Total Specimen Containers 1[|||||F|||200606211454||TM

OBX|3|FT|SIGNATUREI1[||||[|F|[|200606211454||TM

OBX|4|FT|SIGNATURE|2|Diagnostician: PATH4 CONNIE FOUR]||[||F|||200606211454||TM

OBX|5|FT|SIGNATURE|3|Pathologist|||[||F|||200606211454||TM

OBX|6|FT|SIGNATURE|4|Electronically Signed 06/21/2006|||[||F|||200606211454||TM

OBX|7|FT|SIGNATURE|5||||]||F|||200606211454|[TM

OBR|2||SUR0200289|SURG"Surgical Procedure|||200606200000]|||//|200606210000|"LIVER BIOPSY|789”"Referring"John"D"M.D.|(520) 344-7777|||R-10117"College of American Pathologists Cancer Checklist; Colon and Rectum:
OBX]|1|CWE|371480007~Tumor site (observable entity)*SCT R-0025AMSCT2|1|48338005"Structure of right colic flexure (body structure)*SCTAT-59438"SCT2||||||F|||200606211453||TM
OBX|2|NM|373197004"Polyp size, largest dimension (observable entity)*SCT"R-00286"SCT2|1|4.0000|cm”~centimeters"ISO+|||||F||[200606211453||TM

OBX|3|NM|395509006”Polyp size, additional dimension (observable entity)*"SCT”R-0045AMSCT2|1|3.0000|cm”centimeters*ISO+|||||F|||200606211453||TM

OBX|4|NM|395509006”Polyp size, additional dimension (observable entity)*"SCT”R-0045AMSCT2|1|2.0000|cm”centimeters*ISO+|||||F|||200606211453||TM

OBX|5|CWE|371501006"Polyp configuration (observable entity)"SCT"R-002ACMSCT2|1|395498009"Pedunculated polyp with stalk (morphologic abnormality)*"SCT”R-1005CMSCT2|||[||F|||200606211453||TM
OBX|6|NM|395511002"Polyp stalk length (observable entity)"SCT”R-0045B"SCT2|1|3.0000|cm”centimeters*SO+|||||F|||200606211453||TM

OBX|7|CWE|371441004"Histologic type (observable entity)*SCT"R-00257"SCT2|1|35917007~Adenocarcinoma, no subtype (morphologic abnormality)*SCT"M-81403"SCT2||||||F|||200606211453||TM
OBX|8|CWE|371469007Histologic grade (observable entity)*SCT"R-00258"SCT2|1|60815008"Grade not determined (finding)*"SCT~G-F505"SCT2]||||||F|||200606211453||TM
OBX|9|CWE|371487005"Tumor extent of invasion (observable entity)*"SCT"R-00259"SCT2|1|395532005"Tumor extent of invasion cannot be determined (finding)*"SCT"F-02BAEMSCT2]|||[|F|]|200606211453||TM
OBX|10|CWE|395715009"Status of lymphatic (small vessel) invasion by tumor (observable entity)*"SCT”R-00404"SCT2|1|44649003"L0 stage (finding)*"SCT"G-F220"SCT2||||||F|[|]200606211453||TM
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HL7-based message exchange

1 m e——— .

 Dependence upon:

— Precise pre-coordination of expected data fields, formatting and
specific sequence of data elements between sender and
receiver

— That each interface must be precisely specified and
implemented on both ends

— That when an internal change in workflow will results in
substantive data model changes, there is the requirement to
amend the interface on both ends

5 labinfotechsummit &




Near - Zero Knowledge-based
message exchange

e —= .
e Differences:

— Data elements are transferred along with a message
specification layer

— No a priori knowledge of either message content or format
required at the receiver
— In essence, the message is both self-contained and self-defined.

— Due to use of data element standardization, (1ISO-11179), each
term is fully defined and recognizable by the receiver, without
pre-coordinated effort

B® = [abinfotechsummit



Putting 1t all together:

e Federation enables:

— Consolidation of optimal use of standards for pre-
coordinated message exchange.

— Reduced domain-expertise at the central IT level

— Simplified application support = less hours spent
every year on interface support

— Supports Best-of-Breed deployment

— Approaching the vision of plug and play
Interoperability in both intramural and extramural
settings for electronic orders (a first step towards
working RHIOs)
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Part 2...
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lItS-InTEROP

* An opportunity for lab infotech summit to
serve as the host and convener of a
project to
— Demonstrate true, standards-based

iInteroperabillity for selected exemplars in both
anatomic and clinical pathology

— Based on the very successful model used by
Radiology to demonstrate the utility of PACS
iInteroperability, nearly twenty years ago

I lahinfatechemmit &



Clinical Pathology Exemplar

* Attendees, when registered, become “bar-coded specimens”
 They may order “tests” by presenting their badge to any participating vendor

* The tests, when complete will be available via a standard web-based SOA for on-demand
dissemination
» Attendees may present their ID to other participants, who will then retrieve the results, via the
SOA protocol.
*  The exercise will the demonstrate the utility of a number of essential service layers
— Order entry SOA
— Results SOA
— Central NameSpace SOA
— Central RuleSpace SOA
— Possibly others
e Deliverables include:
— Development of an XML Schema to encapsulate both materials and diagnostic data
—  White paper describing use and best practices
—  XSLT template to provide human readable format

— Examples of different transfer strategies
CD-ROM
Electronic-to-paper-to-electronic (reconstitution strategy)
Federation

* Demos including
— Outgoing materials
— Automatic ordering and annotation on incoming cases

A -
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Anatomic Pathology Exemplar

« Exchange of pathology materials (slides, blocks) and reports
between facilities for case review/second opinions
* Deliverables include:

— Development of an XML Schema to encapsulate both materials and
diagnostic data

— White paper describing use and best practices

— XSLT template to provide human readable format

— Examples of different transfer strategies
e CD-ROM
» Electronic-to-paper-to-electronic (reconstitution strategy)
» Federation

e Demos including
— Outgoing materials
— Automatic ordering and annotation on incoming cases

I lahinfatechemmit &



its-INTEROP
CP Exemplar

DO

Multiple Web Services operating
In a Service Oriented Architecture

@ RuleSpace

Oryg,

Attendee Q rs

~
V\

ReSU/{S
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Confirmed Participants:

e McKesson
* Apollo

e Impac

e PKS

e Others
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