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—Abstract—

Background : Interpretative reporting is an important aspect of laboratory medicine. The large
menu of laboratory tests available today makes it increasingly difficult for the non-specialist
to order and interpret all laboratory tests. The aim of this study was to determine the
usefulness of an expert system to interpret laboratory tests and help physicians order the
appropriate tests.

Materials and Methods : In order to interpret laboratory tests, a rules—based expert system
was developed. In this module, if-then rules were used to interpret the given test result
patterns (e.g. urinalysis, anemia, hepatitis B virus, hypercholesterolemia, glucose, syphilis, and
tumor markers) and select matching text elements. The system was used to evaluate 535
subjects who visited a health—check program.

Results : The overall abnormal rate was 50.5% in the expert system; 34% for cholesterol,
9.9% for urinalysis, 8.0% for anemia, 7.7% for thyroid function tests, 4.5% for tumor marker
study, 4.7% for hepatitis virus antigen, 4.3% for serum glucose, and 1.1% for syphilis.

Conclusion : These results indicate that the application of the expert system for the
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interpretation of laboratory tests may provide a useful method for the interpretation of

reports. However more rules are needed for the application to in—patients.

Key Words: Expert system, Interpretation, Knowledge-based system.
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Fig. 1. Expert rules setting screen showing comment lists according to test result pattern.
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Table 1. Example of knowledge-based expert system, thyroid function tests

If clause

var
RESULT_VALUE:string;
begin
RESULT_VALUE:=";
if([S_TSH]>4.0)and
(([S_FreeT4]>0.9)and([S_FreeT4]<2.0))and
(([S_FreeT3]1>1.5)and([S_FreeT3]<5.0))then begin
RESULT_VALUE:='A";
end else if([S_TSH]>4.0)and([S_FreeT41<0.9)then begin
RESULT_VALUE:='AB";
end else if([S_TSH]<0.23)then begin
if ([S_FreeT4]>2.0)then begin
RESULT_VALUE:='B'";
end else if(([S_FreeT4]1>0.9)and([S_FreeT4]1<2.0))then begin
RESULT_VALUE:='BB";
end;
end else begin
if ([S_FreeT4]>2.0)then begin
RESULT_VALUE:='CA";
end;
end;
result:=RESULT_VALUE;
end;

Action list according to RESULT_VALUE

Euthyroid Sick Syndrome, subclinical hypothyroidism, transient Thyroid Z&0| SJAIEIH FIIEOZ Thyroid
Antibody(Thyroglobin)2l Z A2 Autoimmune Thyroiditis@l 20| Z &HLICH

AB  R/O) Primary hypothroidism, Thyroid Ablation Removal, Euthyroid Sick Syndrome, Transient thyroiditis

A

B Hyperthyroidism. rec) Thyroid stimulating Immunoglobulin(TSI), Radioiodine Thyroid Scan and % uptake.

Euthyroid Sick Syndrome, subclinical hypothyroidism, transient Thyroid Z 20| SJAILIH FIIEOZ Thyroid
Antibody(Thyroglobin)2l Z A2 Autoimmune Thyroiditis@l 20| Z &HLICH

C  follow up) TSH, Free T4: 6 month later

Abbreviations: S_TSH, serum thyroid stimulating hormone; S_FreeT4, serum free thyroxine; S_FreeT3, serum free
triiodothyronine.
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Table 2. Examples of final interpretative comments

Example 1.

<HBsAg(-), Anti-HBsAB(+), Anti-HBc(+)>
A B 2t B0l ALl 20| UALH, S BE 2t HHOl2{ A0 Cid HAZ2 XL

$0

SLICH

<TSH: 9.25, Free T4:1.2, Free T3: 4.08>
Euthyroid Sick Syndrome, subclinical hypothyroidism, transient Thyroid Z2t0
Antibody(Thyroglobin)2l ZAIZ Autoimmune Thyroiditis@l 20| ZL&HLICH

OE® =IE2Z Thyroid

<GGT:98, Glucose: 114, TG:237>
Triglyceride= 2Xt& g DXESH SItY

OIRIHQI BItE == A2 HIIEAS 2R g ¥ L22

Do
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ZEH(HIB, ZHEOl TX %2 Y, 22 S)0l o
5
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S22 AlZ8Ut

Example 2.

<HBsAg(-), Anti-HBsAB(+), Anti-HBc(+)>
1 BY 2t Hiol4AL 2E0] AUSH, S BE 2t BIOIH A0 CHo HES XL

kJ
0
i}
o
[l

<Glucose: 136>
Y SHAl 248 8AIZHS)

HOZ AlHoto{0F ELICH

=24 £ SO &S ZUE IS = U2H, Oral GTT C-peptide ZAIE =t

<HbA1c>

Hemoglobin A1C = It 2-3H& &2 Bk XEBNHERE 20F= A2 80| Us B2 7%0/6tE FAots
20l ESLICL7%0I5H2!N A & 2Xtel, 7%01401 ZS ZASH HBOICH ZBALS A6l 201 220 =0l
SLICH

<CEA:40.5>

CEAE gastrointestinal (Gl), S0l colorectal cancer0f Zot&le FRIF %20, 12 lung, breast, liver,
pancreas, stomach, and ovary cancerfilANE SItE == U2B=2 FIHE HADt

CHAF S BhE HHA ZFA X (MY 4= C-reactive protein),

TAHEAA 2 W Vs Y 2 &

1. ZAL HE2 28t 29 75 2 FAastden, 7449 &2 144 6707
ArtR=ES 9% algorithme AAM] W& A9 wkggts Z2H itk &9 74s =1
AR A fF8Ad #e Rk £8 FEY HAYgREozm pEYon, 21 B
52 Fxalo] rule-based expert system & A 2 7 FAAES] At whe} EFa}
o7 FEHIAUG HAEvt E& 8 L 9 on, APRES A FEoA vk wkekgt
AHRIEHHE, 7]eF diAdsh), Jdutsistaal o wet Eds FA4 9 F7HHADE BalA
()5, AZ7)5 5), volda Zd AAKB =85 =2 89 th(Fig. 1, Table 1). AF&A}
g 7+ by, CF 74 vholy 2 5), 4 QJHHolAw BEHMTAYA B ALt A

140



|
[
o
o
™
)
il
=
ox
o
fl
o
1
)
.
]
il
Ho
=
23
Ao

7h A2Ee] A

|/ 2AHZ ]
T = Zu s | s SEED
P —
HZ S (10029092 View Expert Rule
4y EF@ 0 uolfE FES

TabSheet! TabShest? | Tabheet3 |

Execute

RIO Diseases Comment List Rule List Action
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2 A 1300901 Acute Psychiatrc liness 2 A 22 BC VDRL & TPHA
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membrane of enzyme defect
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reticulocyte and direct coombs test

Additional Tests a2 load | Replace[1] | Replace[2] | Replace[3] Execute? |

RueNo  [RV [ICDCode |[TestCode [TestName
T
2 RESULT_VALUE:string;
3 S
.
s
6 if (false) and (false) then begin
7 RESULT_VALUE:='A';
s end;
s result:=RESULT_VALUE;
10 -
11 |enda;

G <G G smosr

Fig. 2. Screen showing selection of test items for interpretative report.
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Fig. 3. Screen showing results interpreted by knowledge based expert system.
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Table 3. List of active expert rules according to test results of subjects

Active expert rule definition Number of subjects % of total subjects
Urinalysis
pH >8.0 1 0.2
pH <4.5 0 0
Bilirubin>(+), serum total bilirubin >1.5 mg/dL 2 0.4
Urobilinogen >(+) 0 0.0
Urobilinogen <(+) 0 0.0
Glucose >(+) 3 0.6
protein >(+) 10 1.9
protein =(+) 1 0.2
Nitrite >(+) 0 0.0
leukocyte >(+), WBC >5/HPF 17 3.2
Ketone >(%), normal serum glucose level 2 0.4
Blood >(+), RBC <5/HPF 13 2.4
Blood >(+), RBC >5/HPF 4 0.7
Anemia
Hb <12.5 g/dL, normal MCV 37 6.9
Hb <12.5 g/dL, MCV <80 fL 6 1.1
Hb <12.5 g/dL, MCV >100 fL 0 0.0
White Blood Cells in Blood
>10.0/mm’ 7 1.3
<4.0/mm® 10 1.9
Thyroid function screening
TSH >4.0 plU/mL, normal Free T4 and Free T3 level 31 5.8
TSH >4.0 plu/mL, Free T4 <0.9 ng/dL 2 0.4
TSH <0.23 plu/mL, Free T4 >2.0 ng/dL 4 0.7
TSH <0.23 plU/mL, normal Free T4 level 4 0.7
Lipid profile
TG >160 mg/dL, Cholesterol <200 mg/dL glucose >110 mg/dL 5 0.9
Triglyceride >800 mg/dL 2 0.4
High—density lipoprotein cholesterol >60 mg/dL 36 6.7
Total Cholesterol >200 mg/dL 182 34.0

Tumor maker
PSA >3.0 ng/mL 8
CEA >10.0 ng/ml 2
CA125 >35 U/mL 7 1.3
AFP >20.0 mg/dL 1
CA19-9 >37 U/mL 6

HBV  Maker
HBsAg(-), Anti-HBs(+), Anti-HBc(+) 13 2.4
HBsAg(-), Anti-HBs(+), Anti-HBc(-) 6 1.1
HBsAg(+), Anti-HBs(-), Anti-HBc(+), normal ALT level 19 3.6
HBsAg(+), Anti-HBs(-), Anti-HBc(+), abnormal ALT level 6 1.1
HBsAg(-), Anti-HBs(-), Anti-HBc(+) 9 1.7
VDRL&TPHA
VDRL(+) or (4), TPHA(+) or () 2 0.4
VDRL(-), TPHA(+) or (+) 4 0.7
Other infectious Condition
Anti-HCV(+) or (+) 3 0.6
Rheumatoid factor >20 1U/mL 15 2.8
Eosinophil in blood >8 % 17 3.2
ASO >200 1U/mL 10 1.9
C-reative protein >0.7 mg/dL 12 2.2
Diabetes
Glucose >120 mg/dL 23 4.3
HbA1c >7.0 % 26 4.9
Other6
amylase >150 1U/L 12 2.2
calcium <8.4 mg/dL 3 0.6
calcium >10.6 mg/dL 1 0.2
bilirubin >2.0 mg/dL 0 0.0
Creatinine >1.7 mg/dL and BUN >23 mg/dL 1 0.2
Creatine Kinase >230 U/L 18 3.4
GGT >60 IU/L 53 9.9
ALT >45 IU/L, AST >40 IU/L, GGT >60 IU/L 8 1.5
Alkaline phosphatase >270 IU/L, normal GGT 3 0.6
uric acid >7.8 mg/dL 9 1.7

Abbreviation:Hb, Hemoglobin;, MCV, Mean corpuscular volume ; GGT, y-glutamyl transpeptidase; AST, Aspratate Aminotransferase; ALT, Alanine
Aminotransferase; BUN, Blood Urea Nitrogen; CA19-9, carbohydrate antigen 19-9;  AFP, Alpha—fetoprotein; CA125, carbohydrate antigen 125, CEA,
Carcinoembryonic antigen; PSA, Prostate Specific Antigen; RBC, Red Blood Cell; HbAlc, glycosylated haemoglobin; VDRL, Venereal Disease Research
Laboratory; TPHA, Treponema pallidum haemagglutination; TSH, thyroid stimulating hormone; Free T4, free thyroxine; Free T3, serum free triiodothyronine.
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