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• Modeling Clinical Statements
• Clinical Input Forms
• Analysis Normal Form

• Example:  Pressure ulcer
• Representation
• Querying

• Example:  Family history of breast cancer
• Representation
• Querying

• Representational heterogeneity as threat to patient safety
• Examples from FHIR profiles and C-CDA templates

Outline
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• Clinical Input Form(s)
• Familiar to clinicians and convenient for entering clinical 

statements into EHRs

• Multiple iso-semantic CIFs may exist for the same type of 
clinical statement, to support various preferences or contexts

• Analysis Normal Form
• Normalized and semantically precise form for retrieving and 

analyzing clinical statements stored in EHRs

• A unique canonical ANF should exist for each distinct type of 
clinical statement, regardless of the manner of data entry

• Both forms are required to derive maximum benefit 
from EHRs

Modeling a Clinical Statement
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Modeling a Clinical Statement
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Example: Pressure Ulcer

Topic:  Pressure Ulcer

Value:  {0, 1, 2, 3, 4+}  [Required]

(Size, Severity, location, etc.  [Optional])

Topic:  Pressure Ulcer

Value:  {Present, Absent, Unknown}  [Required] 

(Size, Severity, location, etc.  [Optional])

Topic:  Pressure Ulcer

(Size, Severity, location, etc.  [Optional])

Desired Data-Entry Method Clinical Input Form
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• Problems of CIFs for Data Analysis
• Multiplicity of representations complicates queries

• If EXISTS Observation WHERE  Topic = PressureUlcers AND 
(Value > 0 OR
Value = “Present” OR
NOT EXISTS Value OR …)

Example: Pressure Ulcer
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Example: Pressure Ulcer

Topic:  Pressure Ulcer

Value:  {0, 1, 2, 3, 4+}  [Required]

(Size, Severity, location, etc.  [Optional])

Topic:  Pressure Ulcer

Value:  {Present, Absent, Unknown}  [Required] 

(Size, Severity, location, etc.  [Optional])

Topic:  Pressure Ulcer

(Size, Severity, location, etc.  [Optional])

Desired Data-Entry Method Clinical Input Form
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• Problems of CIFs for Data Analysis
• Multiplicity of representations complicates queries

• If EXISTS Observation WHERE  Topic = PressureUlcers AND 
(Value > 0 OR
Value = “Present” OR
NOT EXISTS Value OR …)

• Multiplicity of representations risks retrieval errors
• If EXISTS Observation WHERE Topic = PressureUlcers AND 

Value = “Present”

Will miss instances where Value = 2 or where no Value is provided

Example: Pressure Ulcer
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Example: Pressure Ulcer

Topic:  Pressure Ulcer

Value:  {0, 1, 2, 3, 4+}  [Required]

(Size, Severity, location, etc.  [Optional])

Topic:  Pressure Ulcer

Value:  {Present, Absent, Unknown}  [Required] 

(Size, Severity, location, etc.  [Optional])

Topic:  Pressure Ulcer

(Size, Severity, location, etc.  [Optional])

Desired Data-Entry Method Clinical Input Form
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• Problems of CIFs for Data Analysis
• Multiplicity of representations complicates queries

• If EXISTS Observation WHERE  Topic = PressureUlcers AND 
(Value > 0 OR
Value = “Present” OR
NOT EXISTS Value OR …)

• Multiplicity of representations risks retrieval errors
• If EXISTS Observation WHERE Topic = PressureUlcers AND 

Value = “Present”

Will miss instances where Value = 2 or where no Value is provided

• If EXISTS Observation WHERE Topic = PressureUlcers
Will erroneously retrieve instances where Value = 0 or Value = Absent!

Example: Pressure Ulcer
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Example: Pressure Ulcer

Topic:  Pressure Ulcer

Value:  {0, 1, 2, 3, 4+}  [Required]

(Size, Severity, location, etc.  [Optional])

Topic:  Pressure Ulcer

Value:  {Present, Absent, Unknown}  [Required] 

(Size, Severity, location, etc.  [Optional])

Topic:  Pressure Ulcer

(Size, Severity, location, etc.  [Optional])

Desired Data-Entry Method Clinical Input Form
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• Problems of CIFs for Data Analysis  (cont’d)
• Query semantics may be poorly defined  (e.g., negation)

• “Find patients who have no pressure ulcers”
• If NOT Exists Observation WHERE Topic = PressureUlcers AND Value > 0…

(closed world assumption) 
vs.

• If EXISTS Observation WHERE Topic = PressureUlcers AND Value = 0…
(open world assumption)

Example: Pressure Ulcer
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The ANF Approach (Example)

Topic:  Pressure Ulcer

Value:  {0, 1, 2, 3, 4+}  [Required]

(Size, Severity, etc.  [Optional])

Topic:  Pressure Ulcer

Value:  {Present, Absent, Unknown}  [Required] 

(Size, Severity, etc.  [Optional])

Topic:  Pressure Ulcer

(Value, Size, Severity, etc.  [Optional])

Clinical Input Forms

Topic:  Pressure Ulcer

Value:  [value-low, 
value-high]    [Required] 

(Size, Severity, etc.  [Optional])

Analysis Normal Form

Mapping to
a single
normalized
model

This form is
used to retrieve
patient data for
CDS and analysis
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The ANF Approach (Example)

Topic:  Pressure Ulcer

Value:  2

Topic:  Pressure Ulcer

Value:  Present

Topic:  Pressure Ulcer

Clinical Input Forms

Topic:  Pressure Ulcer

Value:  [2, 2]

Analysis Normal Form

Topic:  Pressure Ulcer

Value:  0

Topic:  Pressure Ulcer

Value:  Absent

Topic:  Pressure Ulcer

Value:  [0, 0]

Topic:  Pressure Ulcer

Value:  (0, ∞]

Topic:  Pressure Ulcer

Value:  [0, 0]

Topic:  Pressure Ulcer

Value:  [0, ∞]Instance mapping
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• Find Patients with pressure ulcers
• If EXISTS Observation WHERE  Topic = PressureUlcers AND 

IsWithin(Value, (0, ∞]) = TRUE)

Querying Using the ANF
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The ANF Approach (Example)

Topic:  Pressure Ulcer

Value:  2

Topic:  Pressure Ulcer

Value:  Present

Topic:  Pressure Ulcer

Clinical Input Forms

Topic:  Pressure Ulcer

Value:  [2, 2]

Analysis Normal Form

Topic:  Pressure Ulcer

Value:  0

Topic:  Pressure Ulcer

Value:  Absent

Topic:  Pressure Ulcer

Value:  [0, 0]

Topic:  Pressure Ulcer

Value:  (0, ∞]

Topic:  Pressure Ulcer

Value:  [0, 0]

Topic:  Pressure Ulcer

Value:  [0, ∞]Instance mapping
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Example: Modeling a Clinical Statement

Topic:  Pressure Ulcer

Value:  {0, 1, 2, 3, 4+}  [Required]

(Size, Severity, etc.  [Optional])

Topic:  Pressure Ulcer

Value:  {Present, Absent, Unknown}  [Required] 

(Size, Severity, etc.  [Optional])

Topic:  Pressure Ulcer

(Value, Size, Severity, etc.  [Optional])

Desired Data-Entry Method Clinical Input Form
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• Find Patients with pressure ulcers
• If EXISTS Observation WHERE  Topic = PressureUlcers AND 

IsWithin(Value, (0, ∞]) = TRUE)

• Find Patients without pressure ulcers
• If EXISTS Observation WHERE  Topic = PressureUlcers AND 

IsWithin(Value, [0, 0]) = TRUE)

Querying Using the ANF
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The ANF Approach (Example)

Topic:  Pressure Ulcer

Value:  2

Topic:  Pressure Ulcer

Value:  Present

Topic:  Pressure Ulcer

Clinical Input Form

Topic:  Pressure Ulcer

Value:  [2, 2]

Analysis Normal Form

Topic:  Pressure Ulcer

Value:  0

Topic:  Pressure Ulcer

Value:  Absent

Topic:  Pressure Ulcer

Value:  [0, 0]

Topic:  Pressure Ulcer

Value:  (0, ∞]

Topic:  Pressure Ulcer

Value:  [0, 0]

Topic:  Pressure Ulcer

Value:  [0, ∞]Instance mapping
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Example: Modeling a Clinical Statement

Topic:  Pressure Ulcer

Value:  {0, 1, 2, 3, 4+}  [Required]

(Size, Severity, etc.  [Optional])

Topic:  Pressure Ulcer

Value:  {Present, Absent, Unknown}  [Required] 

(Size, Severity, etc.  [Optional])

Topic:  Pressure Ulcer

(Value, Size, Severity, etc.  [Optional])

Desired Data-Entry Method Clinical Input Form
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• Find Patients with pressure ulcers
• If EXISTS Observation WHERE  Topic = PressureUlcers AND 

IsWithin(Value, (0, ∞]) = TRUE)

• Find Patients without pressure ulcers
• If EXISTS Observation WHERE  Topic = PressureUlcers AND 

IsWithin(Value, [0, 0]) = TRUE)

OR

• If NOT EXISTS Observation WHERE  Topic = PressureUlcers AND 
IsWithin(Value, (0, ∞]) = TRUE)

Querying Using the ANF
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The ANF Approach (Example)

Topic:  Pressure Ulcer

Value:  2

Topic:  Pressure Ulcer

Value:  Present

<No object with 

Topic =  Pressure Ulcer>

Clinical Input Forms

Topic:  Pressure Ulcer

Value:  [2, 2]

Analysis Normal Form

Topic:  Pressure Ulcer

Value:  0

Topic:  Pressure Ulcer

Value:  Absent

Topic:  Pressure Ulcer

Value:  [0, 0]

Topic:  Pressure Ulcer

Value:  (0, ∞]

Topic:  Pressure Ulcer

Value:  [0, 0]

<No object with 

Topic =  Pressure Ulcer>Instance mapping



23

Example: Modeling a Clinical Statement

Topic:  Pressure Ulcer

Value:  {0, 1, 2, 3, 4+}  [Required]

(Size, Severity, etc.  [Optional])

Topic:  Pressure Ulcer

Value:  {Present, Absent, Unknown}  [Required] 

(Size, Severity, etc.  [Optional])

Topic:  Pressure Ulcer

(Value, Size, Severity, etc.  [Optional])

Desired Data-Entry Method Clinical Input Form
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Modeling a Clinical Statement
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Example 2: Family History

Topic:  Family History of Breast Cancer

Value: {Present, Absent, Unknown}  [Required]

Family Member:  {Father, Mother, …}  [Optional]

Clinical Input Form

Desired
Data-Entry
Method



26

Example 2: Family History

Topic:  Mother’s Family History

Disease:  {Br. Cancer, M.I., …  [Optional]

Age of Death:  {<integer>}   [Optional]

Desired
Data-Entry
Method

Clinical Input Form



27

The ANF Approach (Example)

Clinical Input Forms

Topic:  Family History

Family Member:  
{Some family member,
Father, Mother, etc. }

[Required  1..1] 

Family Dx:  [Optional 0..*]

Dx Topic:  {Br. Cancer, M.I., …}
[Required]

Dx Value:  { [low, high] }
[Required]

Age of Death:  {<integer>}   
[Optional]

Analysis Normal Form

Topic:  Family History of Breast Cancer

Value: {Present, Absent, Unknown}  [Required]

Family Member:  {Father, Mother, …}  [Optional]

Topic:  Mother’s Family History

Disease:  {Br. Cancer, M.I., …  [Optional]

Age of Death:  {<integer>}   [Optional]
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• Find Patients with family history of breast cancer
• If EXISTS Observation WHERE  Topic = FamilyHistory AND 

FamilyMember Is-A Some-Family-Member AND 
( EXISTS FamilyMember.FamilyDx 

WHERE DxTopic = Breast Cancer AND 
IsWithin(DxValue, (0, ∞]) = TRUE) )

• Find Patients without maternal history of breast cancer
• If NOT EXISTS Observation WHERE  Topic = FamilyHistory AND 

FamilyMember = Mother AND 
( EXISTS FamilyMember.FamilyDx 

WHERE DxTopic = Breast Cancer AND 
IsWithin(DxValue, (0, ∞]) = TRUE) )

• If EXISTS Observation WHERE  Topic = FamilyHistory AND FamilyMember = Mother AND 
( EXISTS FamilyMember.FamilyDx  

WHERE DxTopic = Breast Cancer AND 
IsWithin(DxValue, [0, 0]) = TRUE) )

Querying Using the ANF
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• Examples from FHIR profiles and C-CDA templates

Representational heterogeneity
as threat to patient safety
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FHIR US Core –
Negation Issues

• Multiple ways to negate the same clinical statement

e.g., “No cardiovascular 
symptom”
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FHIR US Core –
Terminology Issues

 Overlapping Coding Systems/Value Sets
• Condition resource profile allows patient problems to be represented using codes 

from either the SNOMED-CT “Clinical Finding” hierarchy or the SNOMED-CT 
“Situation-With-Explicit-Context” hierarchy (i.e., both hierarchies are included in the 
specified value set). 

– Finding:  “Dizziness (finding)” 
[SCTID: 404640003]

– Situation-with-Explicit-Context:  “Dizziness present (situation)”  
[SCTID: 162260006]
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FHIR US Core –
Terminology Issues

 Optional Coding Systems/Value Sets
• Condition resource profile specifies that implementers must use codes from 

a designated “Problem” value set when populating the “code” data element, 
but this terminology constraint is designated as “extensible”. 

– FHIR specification:  “The code populating this data element SHALL be from the specified 
value [SNOMED-CT] set if any of the codes within the value set can apply to the concept 
being communicated.  If the value set does not cover the concept (based on human 
review), alternate codes (or text) may be included instead.”

– ICD-10:  “Nodular lymphocyte predominant Hodgkin lymphoma, lymph nodes of inguinal 
region and lower limb” [ICD-10 C81.05]

– SNOMED-CT:  “Hodgkin lymphoma, nodular lymphocyte predominance” [SCTID 70600005])
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Consolidated CDA –
Unnecessary Complexity

 statusCode values of problem in Problem Section template

Problem Section
Problem Concern Act 1

Problem Observation 1
Problem Observation 2
…

Problem Concern Act 2
Problem Observation 3
…

Is the chest pain currently active or resolved?
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Consolidated CDA –
Unnecessary Complexity

 statusCode values of problem in Problem Section template

Is the chest pain currently active or resolved?
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Consolidated CDA –
Unnecessary Complexity

 statusCode values of problem in Problem Section template

Is the chest pain currently active or resolved?
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Consolidated CDA –
Potentially Missing “Required” Values

 Example:  Medication Activity template
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Consolidated CDA –
Potentially Missing “Required” Values

 Other required fields that may have “nullFlavor” substitutes
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Consolidated CDA –
Negation Issues

 Underspecification (redundancy) of negation methods in
Problem Observation template
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Consolidated CDA –
Terminology Issues

 Underspecification of Post-Coordinated Expressions in Problem 
Observations
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Thank you

Questions?


