Logic: Syntax and Semantics
Class 5
Application: Clinical Decision Support
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Logic in Medicine

A sore throat can have many causes.
Some combinations of symptoms and test results point to strep throat.

What does this have to do with logic?
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A Patient with a Sore Throat

Suppose the patient’s electronic medical record says:

The patient has a sore throat and fever.

The examination and testing also find:
Swollen neck lymph nodes and a positive rapid strep test.

What can be inferred?
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A Clinical Decision-Support Rule

Suppose the system has been given a (simplified!) rule:

If
1. the patient has a sore throat and fever
2. and has swollen neck lymph nodes
3. and a positive rapid strep test
Then
the patient has strep throat.
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Formalizing the Rule

Let

T = the patient has a sore throat
F = the patient has a fever

L = neck lymph nodes are swollen
R = a rapid strep test is positive
S = the patient has strep throat

The rule then becomes the logic formula

(TAFALAR)— S
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A Particular Patient

We have the medical rule we just formalized.

(TAFALAR)— S

This is “static”, it lives in a database somewhere.
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A Particular Patient

We have the medical rule we just formalized.
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This is “static”, it lives in a database somewhere.

Then suppose we see a particular patient, and we learn

T (this patient has a sore throat)
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A Particular Patient

We have the medical rule we just formalized.

(TAFALAR)— S

This is “static”, it lives in a database somewhere.
Then suppose we see a particular patient, and we learn

T (this patient has a sore throat)

L (their neck lymph nodes are swollen)
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A Particular Patient

We have the medical rule we just formalized.

(TAFALAR)— S

This is “static”, it lives in a database somewhere.

Then suppose we see a particular patient, and we learn
T (this patient has a sore throat)

L (their neck lymph nodes are swollen)

F  (this patient has a fever)
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A Particular Patient

We have the medical rule we just formalized.

(TAFALAR)— S

This is “static”, it lives in a database somewhere.

Then suppose we see a particular patient, and we learn
T (this patient has a sore throat)

L (their neck lymph nodes are swollen)

F  (this patient has a fever)

R (their rapid strep test is positive)
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Now We Have an Argument
(TNFALANR)— S (the medical rule)

T (patient has a sore throat)

L (neck lymph nodes are swollen)
F (patient has a fever)

R (rapid strep test is positive)

S (patient has strep throat)
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Now We Have an Argument
(TNFALANR)— S (the medical rule)
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S (patient has strep throat)

The argument is valid.
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Now We Have an Argument
(TNFALANR)— S (the medical rule)

T (patient has a sore throat)
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F (patient has a fever)

R (rapid strep test is positive)

S (patient has strep throat)

The argument is valid.
All the hypotheses are true in the real world
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Now We Have an Argument
(TNFALANR)— S (the medical rule)

T (patient has a sore throat)

L (neck lymph nodes are swollen)
F (patient has a fever)

R (rapid strep test is positive)

S (patient has strep throat)

The argument is valid.
All the hypotheses are true in the real world
So this patient has strep

7/14



More interesting rules
The simple rule we just saw had the form

(AABAC) — D.

But clinical rules can use richer combinations of conditions:

((AV B)A—C) — D
EA(FVG) — H
TAFALAR =S

Real rule engines combine conditions using AND, OR, and NOT, and can
test numerical thresholds.
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A Fragment of a Rule Base

lllustrative fragment — not literal diagnostic rules

SoreThroat /\ Fever /\ PositiveStrepTest) — StrepThroat
ltchyEyes /\ Sneezing /\ PollenSeason) — SeasonalAllergy

Heartburn /\ AfterMeals /\ —Exertional) — AcidReflux

(
(
(EarPain /\ BulgingEardrum) — MiddleEarinfection
(
(PainfulRash /\ OneSided N Blisters) — Shingles
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A Fragment of a Rule Base

More of the same illustrative rule base

Fatigue /\ LowHemoglobin /\ LowFerritin) — IronDeficiencyAnemia
Congestion /\ FacialPressure /\ Symptoms > 10Days) — Sinusitis

RedEye /\ Discharge /\ ltching) — Conjunctivitis

(
(
(Cough /\ RunnyNose N\ —PositiveStrepTest) — ViralSore Throat
(
(JointPain N\ Recentinjury N\ Swelling) — Sprain

Now imagine thousands of active rules.
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Clinical Decision Support

A real clinical knowledge base can contain a very large number of rules
covering many different symptoms, findings, tests, and diagnoses.

The task is to check, in real time:
many kinds of rules,
against the relevant facts in one patient’s record,
whenever new information appears.

The reasoning is ordinary logic.

11/14



Medical Diagnosis
valid arguments vs true facts
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Medical Diagnosis
valid arguments vs true facts

Our familiar sometimes-confusing distinction:
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Medical Diagnosis
valid arguments vs true facts

Our familiar sometimes-confusing distinction:
truth in the real world
Versus

valid argument
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Medical Diagnosis
valid arguments vs true facts

Our familiar sometimes-confusing distinction:
truth in the real world

versus

valid argument

A valid argument can still have a false conclusion—if one of its hypotheses is
false.
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The argument (repeated)

This argument is valid.  (That doesn’t depend on the real world)

(TNFANLAR)— S (the medical rule)
T (patient has a sore throat)
L (neck lymph nodes are swollen)

(patient has a fever)

(rapid strep test is positive)

| 3T ™M

(patient has strep throat)

13/14



The argument (repeated)

This argument is valid.  (That doesn’t depend on the real world)

(TNFANLAR)— S (the medical rule)

T (patient has a sore throat)

~

(neck lymph nodes are swollen)
(patient has a fever)

(rapid strep test is positive)

| 3T ™M

(patient has strep throat)

But if one or more of the T, L, F, R were false (in the real world)
This patient might not have strep
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The argument (repeated)

This argument is valid.  (That doesn’t depend on the real world)

(TNFANLAR)— S (the medical rule)

-

(patient has a sore throat)
(neck lymph nodes are swollen)
(patient has a fever)

(rapid strep test is positive)

| m &~

(patient has strep throat)

But if one or more of the T, L, F, R were false (in the real world)
This patient might not have strep

But we've reduced the problem of the diagnosis
to the question of whether the simpler facts T, L, F, R are true
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