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1 Introduction

This white paper arises from an assignment from the CMWG meeting in February 2006 it was agreed there was a need to consider the impact of "negatives" on transformation, normalization and subtype testing rules.

The rationale for this was as follows. The wider issue of different types of negation cannot be completely resolved in a short space of time – as has been demonstrated during numerous previous discussions. However, there are some aspects of current advice on computation of subsumption that appear to be misleading in relation to concepts that express the absence of a finding. 

For example, current subtype testing rules on the following expression:

 "clinical finding absent : associated finding = fracture of bone : finding site = femur" 
normalizes as follows

and the result of apply the documented subsumption testing rules is that "no fracture of femur" is subsumed by "no fracture of bone. While superficially this may seem reasonable it will incorrectly cause the inference that a person with a record of "no fracture of the femur" has "no fracture of a bone".

Thus the idea of this assignment was to devise different transformation rules or subtype testing rules which could cope with expressions of absent finding as well as expression of positive findings.

2 Overview

The paper identifies a way of dealing with the computational issue of subtype testing which can be added to SNOMED CT documentation. The approach has been tested and seems to produces reasonable results with current data. It can also be shown to work with combined presence and absence finding (e.g. "head injury without skull fracture"). Therefore, it would be fairly easy to add an appropriate revised recommendation to the technical documentation on transformation and normal forms. 

The positive statement in the previous paragraph must be tempered by the knowledge that a logical technical approach is only a part of the solution. Human factors are an important issue when considering the proper processing of concepts of absence and other forms of negation. Therefore the final part of the paper consider what people may mean when explicitly stating "absence of a finding" in a clinical statement and what other people may mean when querying the record for presence or absence of a finding.

The technical approach suggested for subsumption testing expressions that involve absence of a finding (or a procedure not done) are valuable only if applied appropriately. The question of whether the standard subtype test or the absent subtype tests are relevant probably cannot be determined automatically.
3 Testing subsumption of absence of a finding

3.1 Initial assumptions

The general rules for computation of subsumption of expressions and transformation to normal forms are stated in detail in the SNOMED CT document on transformation to normal forms. They can be summarized as follows:

When two expressions are tested for subsumption, tests are performed recursively on the following elements within the normal form of those expressions:

· Groups of attribute value pairs;
· Attribute value pairs;
· Nested expressions use to represent values within an attribute value pair.
The normal form of an expression is a derived by a set of rules which retain the full semantic meaning of the original expression while transformation it to a form in which:
· Every referenced focus concept is a primitive concept

· Every attribute value is a normalized expression

· Grouping and nesting of attributes is aligned with the concept model

· Default context or context derived from the information model is made explicit using SNOMED CT context attributes
3.2 Identifying expressions that include absence
The normal form of any expression that represents absence of finding includes the following standard context attributes:

243796009 | situation with explicit context | : 
408729009 | finding context | = 410516002 | known absent |  (or a subtype)
,408731000 | temporal context | = <temporal context value>
,408732007 | subject relationship context | = <subject relationship context value> 

,246090004 | associated finding | = <clinical finding expression>
When the value of "finding context" is "known absent" (or one of its subtypes) then it may be appropriate to apply subtype testing rules based on absence. However, as discussed in section 4 of this paper, the decision on whether the rules are appropriate to a specific query depends on the intended results.
3.3 Testing groups rather than expressions
The relevant information in an expression can be regarded as a group of attributes as follows.

{408729009 | finding context | = 410516002 | known absent |  (or a subtype)
,408731000 | temporal context | = <temporal context value>
,408732007 | subject relationship context | = <subject relationship context value> 

,246090004 | associated finding | = <clinical finding expression> }
Considering absence at the group level, rather than at the expression level, allows account to be taken of expressions that refer to presence of one finding and absence of another.
The following style of expression represents the presence of "first clinical finding" and the absence of "second clinical finding".
243796009 | situation with explicit context | : 
{408729009 | finding context | = 410515003 | known present | (or a subtype)
,408731000 | temporal context | = <temporal context value>
,408732007 | subject relationship context | = <subject relationship context value> 

,246090004 | associated finding | = <first clinical finding expression> }
{408729009 | finding context | = 410516002 | known absent |  (or a subtype)
,408731000 | temporal context | = <temporal context value>
,408732007 | subject relationship context | = <subject relationship context value> 

,246090004 | associated finding | = <second clinical finding expression> }
In this case, the first group is tested according to the general subsumption testing rules and the approach to absence may be appropriate to the second group (i.e. the group that includes "finding context"="known absent").

The overall expression, containing both these groups, is then tested in the general way according to whether the two groups separately pass the relevant test. The general subsumption testing rules allow groups not present in the predicate expression to be present in the candidate expression. Therefore both of the following predicate expressions subsume the candidate expression above irrespective of the special rules for handling absence.

Predicate 1 – "first clinical finding present" 
243796009 | situation with explicit context | : 
{408729009 | finding context | = 410515003 | known present | (or a subtype)
,408731000 | temporal context | = <temporal context value>
,408732007 | subject relationship context | = <subject relationship context value> 

,246090004 | associated finding | = <first clinical finding expression> }

Predicate 2 – "second clinical finding absent" 

243796009 | situation with explicit context | : 
{408729009 | finding context | = 410516002 | known absent |  (or a subtype)
,408731000 | temporal context | = <temporal context value>
,408732007 | subject relationship context | = <subject relationship context value> 

,246090004 | associated finding | = <second clinical finding expression> }
3.4 Testing "associated finding" in groups containing "known absent"
If a group contains "finding context"="known absent" then the test applied to the value of the "associated finding" attribute is changed.
The general purpose test for the value of an attribute is:

· "is the candidate value identical to or a subtype of the predicate value"

The alternative test when the group contains "known absent" is:
· "is the predicate value identical to or a subtype of the candidate value"

3.5 Testing "subject relationship context" in groups containing "known absent"

If a group contains "finding context"="known absent" then the test applied to the value of the "subject relationship context" attribute should also be changed to the alternative form.

· "is the predicate value identical to or a subtype of the candidate value"

Thus 

· "family history of heart disease in father" implies "family history of heart disease"; but

· "no family history of heart disease" implies "no family history of heart disease in father".
3.6 Testing "temporal context" in groups containing "known absent"

If a group contains "finding context"="known absent" then the test applied to the value of the "temporal context" attribute needs to be carefully considered depending on the intended result of the query.

In some cases it may also be changed to the alternative form.

· "is the predicate value identical to or a subtype of the candidate value"

Thus 

· "currently has asthma" implies "current has, or at some time in past had, asthma"; but

· "did not have headache recently" does not imply "did not have headache in the past".

However, since the value "all times past" is specified for expressing concepts like "never had a headache" the standard subsumption test rules may work better in some cases.

Since the time aspect in the record is relative to the time of recording while the intended result of a query may be relative to a specified time (or the time of the query) the use of temporal context in queries requires careful consideration on a query by query basis.
3.7 Comment on difference between subject relationship and temporal context

The difference between the handling of "subject relationship context" and "temporal context" noted in 3.5 and 3.6 may result from a significant difference in value hierarchies.
Thus "no family history of asthma" literally means something like:

"As far as is known, at all times in the past, the disorder asthma was absent from, all members of the subjects family "

The temporal context value hierarchy includes the value "all times past" to capture one part of this. However, for the "all members of the subjects family" we use the same "member of family" concept as is used for asserting "at least one member of the family".

An argument can be made for aligning the approach in both these hierarchies in one of two ways:

a) Removing the value "all times past" from "temporal context" and using "current or past" in its place. Then the subtype testing of temporal context would invert in the same way as for the other attributes (i.e. in absence mode the "current or past" would imply all other temporal context … aka "all times past").

b) Adding "all members of family" to the subject relationship value hierarchy and carefully applying this in all negation expressions. In this case, the alternative subtype testing would only apply to "associated finding". 

While approach (b) may appear more rational it does seem to have two disadvantages:
· It requires more disciplined use in modelling and in post-coordination

· Several new "all" values would be needed – "all members of paternal family", "all male members of family", "all known contacts", etc. to allow negatives to be expressed clearly.
4 Procedures "not done"

The use of the "procedure context" value "not done" (and subtypes) has some similarities to the "finding context" value "known absent". The same alternative rules for subsumption computation could be applied to "associated procedure" value. However, the range of procedure context values is wider and covers decision, request and intent as well as the simple observation that something was not done. Thus variants such as "not to be done" and "not requested" also need to be considered.
5 Impact of nesting context expressions

Currently, the concept model does not allow for nesting of context rich expressions. However, some potential use cases have been advanced for allowing a "finding with explicit context" to be nested as the value of another attribute. If this is permitted then inclusion of "known absent" or "not done" in such nested expressions will clearly have some impact.

It may be that simply applying the specific general or alternative rule at appropriate nested levels will have the desired result.  However, until there are real cases to test the possibility of new exceptions arising cannot be ruled out.
6 Human factors and testing absence
6.1 Subsumption testing for classification

When consider subsumption testing as part of the process of classifying the concepts in SNOMED CT the underlying assumptions is that the comparison process is potentially symmetrical. Thus any two concepts can be compared to ask the following questions:

· Are A and B identical? … if not then

· Is A a subtype of B? … if not then

· Is B a subtype of A? 

If not then we might possibly be interested in the semantic proximity of the concepts for example …

· What supertypes do A and B share?

· Are there any concepts that are subsumed by both A and B

In this relatively abstract environment it is possible to discuss ideas about "known absent" or "not done". These ideas may seem theoretically sound while being less readily applicable in practical clinical applications. In some cases the practical view may be more complex than the abstract view but in the case of "absence" it seems possible that considering real use cases may in some ways simplify or at least assist in prioritization.

6.2 Subsumption testing for querying records

Subsumption testing in a clinical application is typically concerned with testing instances of expressions in clinical records ("candidate expressions") against sets of criteria some of which are represented as SNOMED CT expressions ("predicate expressions").
· A predicate is an expression against which other expressions are tested. Predicate expression may be constructed for specific queries or may be developed as reusable part of clinical protocols, decision support rules or report specifications. In these cases, the author of a predicate is someone trying to find out something by querying a record or set of records. 

· The candidate is an expression that is tested to see if it is subsumed by the predicate. Candidate expressions may be constructed directly by the author of a clinical statement (i.e. and instance of an entry in the record) or by an application designer determining the way in which particular user decisions are recorded. Thus the direct or indirect author of the candidate is typically someone wishing to record (or enable the recording of) a finding or procedure in a record. Thus although the candidate expression is a crucial part of subsumption testing its reason for existing is not determined by the requirements of a specific query but rather by what the user wishes to record.
The more abstract subsumption testing for classification described in the previous section is a prerequisite for effective subsumption testing in clinical applications. However, the differences between the motivations of those constructing predicate and candidate expressions mean that subsumption testing in clinical applications is rarely a symmetrical comparison. The typical test is "does this candidate satisfy the criteria?" or in some cases "could this candidate possibly satisfy the criteria?"
When considering absence or other kinds of negation the difference between the perception of the author of an instance of clinical information and the view of the person constructing a query may be even more significant. Thus technical rules for testing subsumption of "known absent" finding are only one part of the picture.

To avoid misunderstanding and consequent errors it is worth considering two general questions:

· What are the possible motivations for recording a "known absent" finding?

· What are the possible motivations for specifying retrieval queries for a absent findings?

The next two sections identify several different answers to these questions. 

6.3 Motivations for recording a "known absent" finding?

There thousands of possible findings that might be made at every encounter (and theoretically every second). The vast majority of absent finding are not recorded but there are clearly some good reasons for explicitly recording the absence of some findings. These might include

a) To record that the author asked a question and got a negative response

Example: "Family history – No family history of asthma"

"I asked the patient if anyone in their family has or had asthma and they said 'no'"

b) To record that the author examined/investigated and did not find this

Example: "No heart murmur"

"I listened for a heart murmur and did not hear one"

c) To record a possible conclusion that the author considered and rejected.
Example: "Not meningitis" (as part of an assessment of a patient with a fever and headache)
"I considered the possibility of meningitis and rejected it".
d) To refute a statement made by someone else. 

Example: "Not appendicitis" (in a record that contains an earlier assertion of "diagnosis appendicitis")

"The admitting doctor's diagnosis of appendicitis seems to be incorrect".

e) To indicate a change in an earlier assessment

Example: "Carcinoma of bronchus excluded" (as part of record in which the same author previously thought this a likely diagnosis)

"I thought they might have Ca bronchus but following investigations I have now rejected this diagnosis".

f) To note the resolution of finding that was previously present.

Example: "No abdominal pain" (in a record which has a previous finding of "abdominal pain present")

"The abdominal pain present on admission has now resolved".

g) To indicated that a finding that is commonly present in associated with another finding is not present in this case.

Example: "No loss of consciousness" (in the record of patient who has had a head injury)

In (a), (b) and (c) the dominant motive may be to assert what was done or considered. However, recording absent findings may also be a part of the process the author followed to organize her thoughts. 
Both (d) and (e) record difference in view related to some previous assertion. Where this is the intention a strong case can be made for linking the statements in the record structure. However, this is a possible motivation even if such links are supported by the system or have not been added to this instance.

In the case of (f) the use of absent indicates a change in condition of the patient rather than an update of the diagnosis or interpretation by the clinician.
In case (g) specific findings are recorded as absent as a part of refining the nature of a specific condition.

There is considerable overlap between these different motivations for recording absence. However, the overall point motivation for recording an absent finding may or may not be aligned with the reason for retrieving negative findings.
6.4 Motivations for specifying retrieval of "known absent" finding?

