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Leveraging SNOMED CT to Drive Actionable Clinical Insights

O

O

O

O

O

O

Assertion: “SNOMED CT based clinical information benefits individual patients and clinicians
as well as populations and it supports evidence based care ”*

Enabling guideline and decision support systems to provide real-time advice
Enhancing audits of care delivery

Allowing accurate and comprehensive searches that identify patients
Enhancing audits of care delivery

Reducing costs of inappropriate and duplicative testing and treatment

Raising the cost-effectiveness and quality of care

*SNOMED International website
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Inferencing

o What: A way of taking structured clinical data and using rules-based,
automated reasoning to draw a clinically reasonable conclusion and
give feedback to the user

o Requirement: Ability to collect together all available, relevant
information into a clear clinical picture and organise it in such a way
as to allow it to be reasoned over

o Objective: To create an environment where Clinical Insights can be
built without the need for a software engineer to author, test, and
deploy
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Clinical Awareness - Real world Examples

. | . Better
o Cohort - Clinical Trial Recruitment Care

o Detection - Undocumented DM1, DM2, Gestational DM
o Genomics - Clopidogrel Metabolism and CYP2C19 Gene

o Quality - Heart Failure - Aldosterone Antagonists  Optimal
Cost

o Calculation - CAP - Pneumonia Severity Index
o Monitoring - Diabetes Mellitus - HbAlc
o Safety - Beers Criteria

o Unnecessary Care - Avoiding CK-MB (heart muscle damage test) Testing for Acute Coronary
Syndrome

o And Countless Others...
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Aggregation and Normalization
First, build a solid information foundation

The only people who see the
whole picture are the ones who step
outside the frame.

Normalize

Problems

Observations
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Unstructured Information

Second, See what other information sources you can use

For completeness it may
O be necessary to identify
O information stored in

free text and turn it into

|}
actionable data.
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Code System: SNOMED CT
Code : 250908004

Term: Left Ventricle Ejection Fraction
Result Value: 55

Result Unit: %
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Ontological Reasoning
Third, Leverage Ontologies

Congestive heart failure

= Congestive heart failure

Acute congestive heart failure
Problems

Losartan

2atient

Observations
Atrial Flutter

SNOMED CT provides
O the basis for reasoning
but other relationships
may be required.
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Logical Reasoning
Fourth, Build the Rules

Problems

AND

m ;

Patient S Sulfonylurea _

Observations

*
-----------------------------------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------------------------------------
*

Patient may be an undocumented diabetic
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Share Results - Action

Has rollup -
,
|
1]-, s grester than 7 9,
|

CA1 - Detection - Undocumented DM1, DM2, or Gestational DM [ Trace |, Evaluate}

Problems Type 2 Diabetes Mellitus

Patient The purpose of this inference is to identify previously undocumented adult patients with type 1 diabetes mellitus, type 2 diabetes mellitus, or
Observations gestational diabetes mellitus.

Patient may be an undocumente @

Actions | Evidence | Reference

Type Message
¥ Diagnosis This patient has evidence of elevated blood sugars and absence of autoimmune markers. Consider verification and documentation of ... i
Action Type: Diagnosis Confirm - | Apply | | Cancel
Message: This patient has evidence of elevated blood sugars and absence of autoimmune markers. Consider verification and documentation of type 2 diabetes
mellitus.
Term: Type 2 diabetes mellitus
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Share Results - Evidence

Problems

Patient
Observations

Has roll

s rollup

s notpresent

Type 2 Diabetes Mellitus

s greater than 7 9,

Patient may be an undocumented dia

CA1l - Detection - Undocumented DM1, DM2, or Gestational DM

|| Trace |‘EE; Evaluate |

The purpose of this inference is to identify previously undocumented adult patients with type 1 diabetes mellitus, type 2 diabetes mellitus, or

gestational diabetes mellitus.

Actions | Ewidence | Reference

<

Fasting glucose [Mass/volume] in Serum or Plasma: 135 mg/dL on 27-Mar-2017

Glucose [Massvolume] in Serum or Plasma ~2howrs post 75 g glucose PO: 211 mg/dL on 27-Mar-2017
Hemoglobin A 1c/Hemoglobin. total in Blood: 7.7 % on 27-Mar-2017

Glucose [Massvolume] in Serum or Plasma: 211 mg/dL on 27-Mar-2017
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Share Results - Reference

s greater than 7 9/,

OR CA1 - Detection - Undocumented DM1, DM2, or Gestational DM [ | Trace | ¥ Evaluate |
Patient m The purpose of this inference is to identify previously undocumented adult patients with type 1 diabetes mellitus, type 2 diabetes mellitus, or
m gestational diabetes mellitus.

Observations
THEN @
9 Patient may be an undocumented d

MEMBEr OF CIASS
Actions | Evidence | Reference

*** DIABETES MELLITUS, TYPE 1 & 2 === i

Criteria for the diagnosis of diabetes (any of the following):

1) FPG =126 mg/dL (7.0 mmol/L). Fasting is defined as no caloric intake for at least 8 h.

2) 2+h PG =200 mgj/dL (11. 1 mmol/L) during an OGTT. The test should be performed as described by the WHO, using a glucose load containing the equivalent of 75 g
anhydrous glucose dissolved in water.

3) A1C =6.5% (48 mmol/mol). The test should be performed in a laboratory using a method that is MGSP certified and standardized to the DCCT assay.

4) In a patient with dassic symptoms of hyperalycemia ar hyperglycemic crisis, a random plasma glucose =200 mag/dL {(11. 1 mmal/L).

Autoimmune markers for type 1 diabetes mellitus indude islet cell autoantibodies and autoantibodies to GAD (GADGS), insulin, the tyrosine phosphatases IA-2 and IA-2B,
and ZnTS.

Source: American Diabetes Assodation. 2. Classification and Diagnosis of Diabetes, Diabetes Care, 2017 Jan;40(Suppl 1):511-524,
PubMed URL: https: ffwww.nchi.nlm.nih.gov /jpubmed/27973889

*** GESTATIOMAL DIABETES MELLITUS =**

Criteria for the diagnosis of gestational diabetes (either of the following):

One-5tep Strategy

Perform a 75-g OGTT, with plasma glucose measurement when patient is fasting and at 1 and 2 h, at 24-28 weeks of gestation in women not previously diagnosed with

overt diabetes,
The OGTT should be performed in the morning after an overnight fast of at least & h.
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Inferencing: The Moving Parts

o Patient Data

= Structured input from a patient record

o Terminology

* =Aspecialized Model that defines the concepts (Elements) for one or more Inferences

o Inference Sequencing

* =The rules and logic that make it all work
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Inferencing Component: Patient Data

D'q HIMS5_SampleCCDDocument-G5G-level-3xml — Visual Studic Code — O ot #
File Edit Selection View Go Debug Help ' < / > |\
& HIMSS_SampleCCDDocument-0SG-level-3.xml X M = |
1 k?xml version="1.8"2> B
2 <?xml-stylesheet type="text/xs1l"™ href="CCD.xs1"?> B
3 ¢!-- The following sample document depicts a fictional character’s health summary. Any resemblance to a real person is coincidental. --3»
4 ¢ClinicalDocument xmlns="urn:hl7-org:v3" xmlns:voc="urn:hl7-org:v3/voc” xmlns:xsi="http:/ www.w3.org/2881/XMLSchema-instance™ xsi:schemaloc:
5 <l--
7 CDA Header -F""ll
g --»
18 <typeld root="2.16.848.1.113883.1.3" extension="POCD_HDoBE2L48" />
11 <templateld rcot="2.16.848.1.113883.18.28.1"/> .
12 <!-- CCD v1.8 Templates Root --> =
13 <id root="db734647-fc99-424c-a864-7e3cdaB2e703" /> > patient-1157764fhir-bundlexml — Visual Studio Code - o X
14 <code code="34133-9" codeSystem="2.16.848.1.113883.6.1" displayName="Summarization of episode note"/> File Edit Selection View Go Debug Help
15 <title»Good Health Clinic Continuity of Care Document</title» o _
- . . . " B patient-1157764.fhir-bundlexml M e
16 <effectiveTime value="28888487138828+2568"/»
17 <confidentialityCode code="N" codeSystem="2.16.848.1.113883.5.25"/> 1  <?xml version="1.8" encoding="UTF-8"?> =
18 <languageCode code="en-US"/> 2 ¢feed xmlns="http:// www.w3.org/2885/Atom" > -
19 <recordTarget> 3 <title»SMART patient bundle for transactional posting</title»
28 <patientRolex 4 <idrurn:uuid:52</id>
21 ¢id extension="996-7556-495" root="2.16.848.1.113883.19.5"/> = <updated»2@15-@7-@7T28:@8:55.308888< /updated> -
22 ¢patient> 6
23 <name > 7 <entry xmlns="http://www.w3.org/2@85/Atom" >
24 <givenrHenry</given> a «title>SMART Patient-level resource</title>
25 <family>»Levin</family> 9 <id>Patient/1157764</id>» \\T> .
26 csuffixrthe 7thea/suffix: 18 <updated>2815-87-87720:88:55.3980808</updated:>
27 </name> 11 <published»>2815-87-87T20:8@:55.3098888</publishad> <:::::> -
28 <administrativeGenderCode code="M" codeSystem="2. L&T 12 <author:» “\:::::;7 -
29 ¢<birthTime value="19320924"/> 13 <namerhittps://github.com/smart-on-fthir/sample-patients</name>»
38 </patient> 14 </author:
31 <providerOrganization» 15 <content type="text/xml™: .
32 <id root="2.16.8468.1.113883.19.5"/> ] \
33 <name>Good Health Clinic</names 17 <Patient xmlns="http://hl7.org/fhir">» “\\\\
34 </providerOrganization> 18 <texts )
35 </patientRole> 19 ¢status value="generated"/>»
36 </recordTarget> 28 <div xmlns="http://www.w3.org/1999/xhtml" > v////
37 <author:» 21 <p»Carol Hughes</p>»
38 <time wvalue="28082487132808+0588" /> 22 <fdive
39 cassignedauthors 23 </text:
48 ¢id root="28cfl4fb-b65c-4c8c-a54d-bBcca834clsc™/ > 24 <identifier>
41 <assignedPerson: 25 <use value="usual"/>» -
42 <name > 26 <label walue="SMART Hospital MRN"/>
43 <prefix>Dr.</prefix: 27 ¢system value="urn:oid:8.1.2.3.4.5.6.7"/>
44 <given>»Robert</given> 28 svalue value="1157764"/> -
45 ¢tamily>Dolin</family>» </identifier» -
46 </name> <name>
47 </assignedPersonz 31 <use value="official"/> i
32 ¢family valus="Hughes"/>»
¢given value="Carol"/»
¢<given value="U."/>

Ln 41, Col 14 Spaces:2 UTF-8 LF
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Terminology: Inference Element Sets

Terminology Diabetes mellitus due to underlying condition [EQ8]
(ICD-10)
Inference . . :
Element Set [ | Drug or chemical induced diabetes mellitus [EQ9]
Term - . ,
: . Other specified diabetes mellitus [E13
—> (Diabetes Mellitus) P (E13]
Inference Element
(Diabetes Mellitus) Type 1 diabetes mellitus [E10]
Terminology
spsmen Dl (ICD-9) Type 2 diabetes mellitus [E11]

Terminology Atypical diabetes mellitus [530558861000132104]

(SNOMED-CT)

Inference Element

Diabetes mellitus due to genetic defect in insulin action
[609569007]

Inference Element

Term

(Diabetes Mellitus) Diabetes mellitus without complication [111552007]

Pancreatic hypoplasia, diabetes mellitus, congenital heart
disease syndrome [722206009]

Terminology
(LOINC)

Type 2 diabetes mellitus [44054006]

Inference Element

Terminology
(NDF-RT)

Terminology
(RxNorm)

Terminology
(HL7 Value Set)
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Inferencing Component: The Inference

Inference
Element Set

Inference

Defining Properties

Inference Element
(Diabetes Mellitus Condition)

Element Groups

Inference Element
(COPD)

Element Group
(Diabetes Mellitus Condition) Inference Element

(Glucose, Plasma, Fasting)

Element Group

(Diabetes Mellitus Labs) Inference Element
(BENP - Brain Natriuretic...)

Variables .
L]
Cohort Inference Element
(Electrical Cardiac Shock)
Actions Inference Element
(Hemaglobin Alc, Plasma)
Rules
Reference Summary
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Example Deployment

Terminology Management
Semantic Interoperability
Unstructured Text Processing

Inference Element Management
Inference Management

- i
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Observation
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Leveraging SNOMED CT to Drive Actionable Clinical Insights

v Enabling guideline and decision support systems to provide real-time advice
v' Enhancing audits of care delivery

v Allowing accurate and comprehensive searches that identify patients

v' Enhancing audits of care delivery

v Reducing costs of inappropriate and duplicative testing and treatment

v’ Raising the cost-effectiveness and quality of care
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