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Setting expectations:

* Some background
 HIT Goal for Interoperability In Healthcare

* Tools for Interoperability: Standards

» Examples, Strengths & Weaknesses
 selected subset of existing standards

* Reaching the Goal



Health Information Technology

(HIT) has been seen as a vehicle for:

* Improving the quality and safety of health care,

* gaining more fiscal accountability and value

» advancing consumer role and engagement of In
prevention and health decisions,

 accelerating discovery and dissemination of new
treatments, and

» sharpening public-health monitoring and surveillance.

Information Technology Interoperability and Use for Better Care and Evidence: A Vital Direction for Health and Health Care. Perlin JB, Baker DB, Brailer DJ, et


https://nam.edu/wp-content/uploads/2016/09/Information-Technology-Interoperability-and-Use-for-Better-Care-and-Evidence.pdf

The Federal HIT launch ws. 200

Four national priorities:

1. providing information tools to clinicians (e.g. EHRS), for use in
patient care);

2. connecting health information so that it
a. follows patients throughout care
b. can be aggregated to advance health care delivery;

3. supporting consumers with information to help them manage
care;

4. advancing public health, clinical trials, and other data-intensive
activities other data-intensive activities.

The 2004 HIT plan has been updated(’09, ‘11, 15); the core priorities remain similar.

Information Technology Interoperability and Use for Better Care and Evidence: A Vital Direction for Health and Health Care. Perlin JB, Baker DB, Brailer DJ, et al


https://nam.edu/wp-content/uploads/2016/09/Information-Technology-Interoperability-and-Use-for-Better-Care-and-Evidence.pdf

Goal 4: Develop and deploy approaches to identify, learn from, and reduce diagnostic errors and near misses in clinical practice

RECOMMENDATION 4A

Accreditation organizations and the

Medicare conditions of participa-
tion should require that health
care organizations have programs
in place to monitor the diagnostic
process and identify, learn from,
and reduce diagnostic errors and
near misses in a timely fashion.
Proven approaches should be
incorporated into updates of these
requirements.

RECOMMENDATION 4B

Health care organizations should:

* Monitor the diagnostic process
and identify, learn from, and
reduce diagnostic errors and near
misses as a component of their
research, quality improvement,
and patient safety programs.

* Implement procedures and prac-
tices to provide systematic feed-
back on diagnostic performance
to individual health care profes-
sionals, care teams, and clinical
and organizational leaders.

RECOMMENDATION 4C

HHS should provide funding for
a designated subset of health
care systems to conduct routine
postmortem examinations on a
representative sample of patient
deaths.

RECOMMENDATION 4D

Health care professional societies
should identify opportunities to
improve accurate and timely diag-
noses and reduce diagnostic errors
in their specialties.




ONC for Health IT;

. Interoperability

. the ability of systems to exchange and use
electronic health information from other
systems without special effort on the part of
the user

« Advancing HIT interoperability is a key element in helping
transform the health care delivery system into one that
provides better care, smarter spending and healthier
people.




Goal 3: Ensure that health information technologies support patients and health care professionals in the diagnostic process

RECOMMENDATION 3A RECOMMENDATION 3B RECOMMENDATION 3C

Health IT vendors and the Office of the Na- ONC should require health IT vendors to meet The Secretary of the U.S. Department of Health
tional Coordinator for Health Information Tech- standards for interoperability among different and Human Services (HHS) should require
nology (ONC) should work together with users health IT systems to support effective, efficient, health IT vendors to:

to ensure that health IT used in the diagnostic and structured flow of patient information * Routinely submit their products for inde-
process demonstrates usability, incorporates across care settings to facilitate the diagnostic pendent evaluation and notify users about
human factors knowledge, integrates mea- process by 2018. potential adverse effects on the diagnostic
surement capability, fits well within clinical process related to the use of their products.
workflow, provides clinical decision support, * Permit and support the free exchange of

and facilitates the timely flow of information information about real-time user experiences
among patients and health care professionals with health IT design and implementation
involved in the diagnostic process. that adversely affect the diagnostic process.

RECOMMENDATION 3A

Health IT vendors and the Office of the Na-
tional Coordinator for Health Information Tech-
nology (ONC) should work together with users

to ensure that health IT used in the diagnostic
process demonstrates usability, incorporates
human factors knowledge, integrates mea-
surement capability, fits well within clinical
workflow, provides clinical decision support,
and facilitates the timely flow of information
among patients and health care professionals
involved in the diagnostic process.




|IOM Report 2015

Goal 3: Ensure that health information technologies support patients and health care professionals in the diagnostic process

RECOMMENDATION 3A

Health IT vendors and the Office of the Na-
tional Coordinator for Health Information Tech-
nology (ONC) should work together with users
to ensure that health IT used in the diagnostic

process demonstrates usability, incorporates
human factors knowledge, integrates mea-
surement capability, fits well within clinical
workflow, provides clinical decision support,
and facilitates the timely flow of information
among patients and health care professionals
involved in the diagnostic process.

RECOMMENDATION 3B

ONC should require health IT vendors to meet
standards for interoperability among different
health IT systems to support effective, efficient,
and structured flow of patient information
across care settings to facilitate the diagnostic
process by 2018.

RECOMMENDATION 3C

The Secretary of the U.S. Department of Health
and Human Services (HHS) should require
health IT vendors to:

* Routinely submit their products for inde-
pendent evaluation and notify users about
potential adverse effects on the diagnostic
process related to the use of their products.

 Permit and support the free exchange of
information about real-time user experiences
with health IT design and implementation
that adversely affect the diagnostic process.

National Academies of Sciences, Engineering, and Medicine. 2015. Improving diagnosis in health care. Washington, DC.: The National Academies Press.


http://www.nationalacademies.org/hmd/Reports/2015/Improving-Diagnosis-in-Healthcare.aspx

Goal 3: Ensure that health information technologies support patients and health care professionals in the diagnostic process

RECOMMENDATION 3A

Health IT vendors and the Office of the Na-
tional Coordinator for Health Information Tech-
nology (ONC) should work together with users
to ensure that health IT used in the diagnostic
process demonstrates usability, incorporates
human factors knowledge, integrates mea-
surement capability, fits well within clinical
workflow, provides clinical decision support,
and facilitates the timely flow of information
among patients and health care professionals
involved in the diagnostic process.

RECOMMENDATION 3B

RECOMMENDATION 3B

ONC should require health IT vendors to meet
standards for interoperability among different
health IT systems to support effective, efficient,
and structured flow of patient information
across care settings to facilitate the diagnostic
process by 2018.

ONC should require health IT vendors to meet
standards for interoperability among different
health T systems to support effective, efficient
and structured flow of patient information
across care settings to facilitate the diagnostic

process by 2018,

RECOMMENDATION 3C

The Secretary of the U.S. Department of Health
and Human Services (HHS) should require
health IT vendors to:

* Routinely submit their products for inde-
pendent evaluation and notify users about
potential adverse effects on the diagnostic
process related to the use of their products.

* Permit and support the free exchange of
information about real-time user experiences
with health IT design and implementation
that adversely affect the diagnostic process.




e Set of International standards for transfer of clinical and
administrative data between software applications

* Prevalent throughout healthcare environment

- Supports administrative, logistical, financial and clinical
processes

Health Level-7: Messaging N — .

www.hl7.orqg



http://www.hl7.org/

OBX|6|CWE|433177401000004108"Breast-Architectural pattern of
DCISASCT|[1288800097Solid*SCT||||||F OBX|7|CWE|517577331000004103"Breast-Grade of
DCISASCTI|399611001M"High”"SCT]|||||F OBX|8|CWE|404211521000004100”Breast-Necrosis within
DCISASCT||47492008"Not identified*SCT]|||||F OBX|9|CWE|359792211000004109”Breast-Surgical
margins (Carcinoma)*SCT||55182004"Not involved by carcinoma”SCT]||||||F
OBX]|10|CWE|726087401000004103"Breast-Surgical margins (DCIS)*SCT||55182004*Not involved
by DCISASCT|||]]

HL7 sample - Provided by Dr W. Campbell Pathology Laboratory Informatics, Department of Pathology/Microbiology, University of Nebraska Medical Center







Does not encode strict
definitions or semantic
relationships

Encodes data for
transmission and mapping



Technical Standards

» Codes are not created equal

Se m aﬂtl C » Codes and coding systems fall into a

spectrum of meaning and knowledge

S peCtru m representation

Simple Defined Taxonomic Logically
Token Defined
ICD-9 SNOMED CT
Local Codes LOINC
ICD-10

ICD-0O-3



A common language (set of identifiers, names, and
codes) for clinical and laboratory observations.

A rich catalog of measurements, including laboratory tests,

clinical measures like vital signs and anthropomorphic measures,
standardized survey instruments, and more.

A standard which enables the exchange and aggregation of
clinical results for care delivery, outcomes management, and
research by providing a set of universal codes and structured

names to unambiguously identify things you can measure or
observe.


http://www.regenstrief.org/resources/loinc/
http://www.regenstrief.org/resources/loinc/

Logical Observation ldentifiers Names and Codes

- Standard for identifying names, & codes for clinical &
laboratory observations

- Free for use (free licensing)

- Prevalent in commercial health information systems

- Has an International presence


http://www.regenstrief.org/resources/loinc/

USES SIX axes:
790-6 = Erythrocytes [#volume] in Blood by Manual Count

defined by:
Component = Erythrocytes Property = Number count
System = Blood Timing = Point in time
Scale = Quantitative Method = Manual Count

Defined Code
. Code bound to string of words (definition)
- communicates meaning of word or value
. does not communicate how it relates to other codes



-

* AXes do not convey relationships

 within parts or between concepts

* Aggregation of subtypes not defined:
System = Blood vs. Cord Blood vs. RBC

* |ogical relationships between concepts not supported

790-6 =
789-9 =

Erythrocytes
Erythrocytes

#volume

#volume]

In Blood by Manual Count
In Blood by Automated Count

26453-1 = Erythrocytes [#volume] in Blood
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ID of specifically defined

; Not designed to ID semantic }
items or concepts '

relationships or hierarchies



International Statistical Classification of Diseases
and Related Health Problems (ICD)

WHO medical classification list

e TaXxonomic code

« Communicates meaning of the associated value or word
string in the context of the hierarchical structure

« Does NOT communicate how it relates to other taxonomic
codes NOT In the same hierarchy OR at the same level of
the same hierarchy

401.0 Malignhant hypertension
VS.
401.1 Benign hypertension



International Statistical Classification of Diseases and
Related Health Problems (ICD)
WHO medical classification list

e Taxonomic code

« Communicates meaning of the associated value or word
string In the context of the hierarchical structure

* Does NOT communicate how it relates to other taxonomic
codes NOT in the same hierarchy OR at the same level of the
same hierarchy

401.0 Malignant hypertension
VS.
401.1 Benign hypertension



ICD-10-CM Code Structure
ICD-10 diagnosis codes have between 3 and 7 characters:

ALHPA
(NOT U) NUMERIC CHARACTERS 3 -7 CAN BE ANY COMBINATION OF ALPHA OR NUMERIC

066. 0060 6

CATEGORY ETIOLOGY, ANATOMICAL SITE, SEVERITY EXTENSION

K Diseases of Digestive system

K9S Vascular disorders of intestine

K55.01 Acute (reversible) ischemia of small intestine

K55.012 Diffuse acute (reversible) ischemia of small intestine



allows querying by g
_ Increasing/decreasing |
i specificity & taxonomies 1§

Not designed to support
semantic interoperability




Systematized Nomenclature Of
MEDicine -- Clinical Terms

Logically defined code does communicate

* meaning of the associated value or word string

 how It relates to other codes



» All concepts belong to a specific semantic hierarchy
» Body structure
* Observable entity
» Clinical Finding

 Attributes represent types of relationships between concepts
 Finding site
« Assoclated morphology
« Causative agent

« SNOMED CT concept representation and how meaning
conveyed

» Parents (|ISA| relationship)
 Defining attribute-value pairs
 Allowable attribute-value pairs defined by concept model



SNOMED CT applies logical rules
to defining attribute/value pairs:

/5570004 = Viral pneumonia:
IS An Infectious disease,
a disease of the lung,
a viral infection
HAS SUBTYPES of Measles pneumonia,
pneumonia due to RSV, ....



73570004
Viral pneumonia (disorder)

312342009
Infective pneumonia (disorder)

312134000
> Viral lower respiratory infection (disorder)

> .' ! 370135005 | 441862004
\ Pathological process (attribute) J Infectious process (qualifier value)

' 116676008 707496003
’ \ Associated morphology (attribute) ) Inflammation and consclidation (morphologic abnormality)

| ¥ 363698007

L,

i

3 p| 39607008
inding site (attribute) Lung structure (body structure)

|
4
-

' 246075003 W 45872002

P Causative agent (attribute) /™| Virus (organism)




| Supports semantic /relational s s tde o o

ue : "
query simple definitions




Abfaham Maslow said .in 1966,' "I. Suppose it |s
tempting, if the only tool you have is a
hammer, to treat everything as if it were a nail."



. Each of these standards has
Individual strengths and weaknesses

. Currently there Is no single standard
that meets all coding needs to
achieve the IOM objective
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L.INC; HIV serum

From Rggenstri

LOINC

74856-6

85037-0

83101-6

75666-8

58900-2

56888-1

59052-1

68961-2

80387-4

81641-3

49483-1

LongName

HIV 1 group O RNA+HIV 1 group M RNA+HIV 2 RNA+Hepatitis
C virus RNA+Hepatitis B virus DNA [Presence] in Serum or
Plasma from donor by Probe and target amplification method

HIV 1 and 2 Ab and HIV 1 p24 Ag panel - Serum or Plasma by
Immunoassay

HIV 1+2 Ab and HIV1 p24 Ag panel - Serum or Plasma by
Immunoassay

HIV 1+2 Ab and HIV1 p24 Ag [Identifier] in Serum, Plasma or
Blood by Rapid immunoassay

HIV 1+2 Ab+HIV1 p24 Ag [Units/volume] in Serum or Plasma
by Immunoassay

HIV 1+2 Ab+HIV1 p24 Ag [Presence] in Serum or Plasma by
Immunoassay

HIV 1+Hepatitis C virus RNA+Hepatitis B virus DNA [Presence]
in Serum or Plasma by Probe and target amplification method

HIV 1 Ab [Presence] in Serum, Plasma or Blood by Rapid HIV 1 Ab

immunoassay

HIV 1+2 Ab [Presence] in Serum, Plasma or Blood by Rapid
Immunoassay

HIV 2 Ab [Presence] in Serum, Plasma or Blood by Rapid HIV 2 Ab

immunoassay

HIV 1 [Interpretation] in Serum or Plasma by Immunoassay

Mlarrathm

Search generated 148 hits in 0.012 secs.

L.I Nco HIV serum elisa
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LOINC
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HIV 1 and 2 Ab and HIV 1 p24 Ag panel - Serum or Plasma by
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HIV 1+2 Ab and HIV1 p24 Ag panel - Serum or Plasma by
Immunoassay

HIV 1+2 Ab and HIV1 p24 Ag [ldentifier] in Serum, Plasma or
Blood by Rapid immunoassay

HIV 1+2 Ab+HIV1 p24 Ag [Unitsivolume] in Serum or Plasma
by Immunoassay

HIV 1+2 Ab+HIV1 p24 Ag [Presence] in Serum or Plasma by
Immunoassay

HIV 1 [Interpretation] in Serum or Plasma by Immunoassay
Narrative

HIV 1 [Interpretation] in Serum or Plasma by Immunoassay

HIV 1 Ab [Units/volume] in Serum or Plasma by Immunoassay

HIV 1 Ab [Presence] in Serum or Plasma by Immunoassay
HIV 1 Ag [Presence] in Serum or Plasma by Immunoassay

HIV 1+2 Ab [Units/volume] in Serum or Plasma by
Immunoassay

HIV 1+2 Ab [Presence] in Serum or Plasma by Immunoassay

HIV 1+2 IgG Ab [Presence] in Serum or Plasma by
Immunoassay

Search generated 30 hits in 0.049 secs.
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HIV 1 group O RNA+HIV 1 group M RNA+HIV 2
RNA+Hepatitis C virus RNA+Hepatitis B virus DNA
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Inter-institutional Comparability

LOINC codes from top 300 clinical lab tests from chemistry, hematology
and immunology at UPMC were shared with Cleveland Clinic and
MDACC. 249 identical tests were compared. Matching was defined as
universal (3/3), partial(2/3) and none (0/0) concurrence.

Results: Among the 3 healthcare systems, concordance for the
list of common laboratory tests using LOINC codes was low (44%)

44% universal 30% partial matching 26% zero matching



Number of ests

Summary of Test
Avallability and Agreement

This is a summary chart for the data analyzed. There was a missing code from one or more of the institutions for 53 tests.
There was exact agreement among all three sites for 103 tests; this computes to 35.4% of all 291 tests or 43.3% of 238
tests with complete data. All institutions differed for 35 tests, which is approximately 12% of all 291 tests or 14.7% of the 238
tests with complete data.



L Fleiss' Kappa # of codes per test
CHEM (n=119)
2%

-

UA (n=15) J COAG (n=5)

SPEC (n=4) < - DRUGITOX (n=17)

SERO (n:7) HEM/BC (n=59) Kappa Interpretation
<0 Poor agreement
0.01-0.20 Slight agreement

0.21-0.40 Fair agreement

0.41 -0.60 Moderate agreement
0.61-0.80 Substantial agreement
0.81-1.00 Almost perfect agreement

MICRO (n=11




SPEC (n=4)

: Fleiss' Kappa # of codes per test

CHEM (n=119)
1.6

COAG (n=95)

DRUG/TOX (n=17)

HEM/BC (n=59)

Kappa Interpretation

<0 Poor agreement

0.01-0.20 Slight agreement
0.21-0.40 Fair agreement

0.41 - 0.60 Moderate agreement
0.61-0.80 Substantial agreement
0.81-1.00 Almost perfect agreement
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V42569-4 Potassium [Mass or
Moles/volume] in Serum or

Plasma

V22760-3 Potassium [Mass/volume] in
Serum or Plasma

2823-3 Potassium [Moles/volume] in
Serum or Plasma

77142-8 Potassium [Moles/volume] in

Serum, Plasma or Blood



Meaningful Use

. With the roll-out of MU, LOINC utilization
was mandated and broadly adopted

. There was no formal process to align codes

. The Internal logic of LOINC precludes
evaluating for semantic relationships



The IOM

Digital Infrastructure for the Learning Health System:
The Foundation for Continuous Improvement in
Health and Health Care report on HIT & interoperability

determined that
“without seamless interoperability,”

the implementation of HIT will not achieve the goal of
Improving the quality of healthcare.



Interoperabllity: Where?

. Patient Care
. One Patient
. Within an institution
. among Institutions
. Many patients within /among institutions
. Epidemiology / Public Health

. Population Care Management / Health Care Economies



. Standard Development Organizations
(SDO) are trying to align, where
appropriate

LOINC/SNOMED
SNOMED/ICD-0O
ICD-10/SNOMED
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Proposed Recommendation

CLIAC recommends that HHS create a process for standards utilization field studies

across a wide range of clinical laboratories (varying size and complexity) to:

1. better understand the nuances, specificity and compatibility of sharing LOINC or

other standard codes

a. on both order-and result-side implementation
b. In special cases (radiology, clinical findings, anatomic pathology, etc)
2. Identify areas in which a combination(s) of standards is needed to realize the level

of granularity and semantic interoperability necessary to achieve the IOM goals



