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INTRODUCTION

Expert system is a computer-based consultation
system using artificial intelligence techniques to
emulate the decision-making behavior of an expert
in a specialized, kmowledge-intensive field (1, 2).
JILIAD is a medical expert system for internal
medicine, dermatology, obstetrics/gynecology, and
psychiatry (3-5). The ILIAD expert system shell was
used here to develop & preoperative renal mass
diagnosis system, or RMDS. The RMDS makes use
of functions of consultation and simulation to
provide physicians with tools for doing preoperative
differential diagnosis of renal masses.

It is difficult to differentiate preoperatively some
benign renal diseases such as xanthogranulomatous
pyelonephritis, renal abscess and benign tumors from
other malignant renal tumors. However, the diag-
nostic process is necessary because the method of
management is different in benign renal lesions,
malignant renal parenchymal tumors and malignant
renal pelvic tumors. Usually, partial nephrectomy or
simple nephrectomy is the method of management
for benign renal lesion; radical nephrectomy is the
primary treatment for malignant renal parenchymal
tumor (6) and mephroureterectomy is the standard
therapy for malignant renal pelvic tumor {7, 8).

1Correspondence should be addressed to Phel Lang Chang at
Department of Urology, Chang Gung Memaorial Hospital No. 5,
Strect Kweishan, Taoynan 333 Taiwan, R.O.C. Tele-

phome: B86-3-3281200-2137.

Therefore, the RMDS expert system was tried for
prospective evaluation of patients undergoing
nephrectomy for suspected renal mass, then exam-
ined the effects of the RMDS expert sysiem on
physicians’ differential diagnoses of renal masses.

MATERIALS AND METHODS

ILIAD is a medical expert system which uses
knowledge frames to teach medical students about
differential diagnosis (3). It is written in C for the
Macintosh computer, A Windows version of ILIAD
has also been developed for IBM PC-compatibles.
From September 1991, the ILIAD system shell was
used to develop a preoperative renal mass diagnosis
system, RMDS for IBM-compatible microcompu-
ters.

The RMDS expert system contains 18 renal mass
probabilistic frames, each containing findings to be
expected in the disease. These clinical findings were
processed sequentially, using Bayes theorem, which
permits use of sensitivities and specificities to describe
the relationship of a disease to its manifestations, and
provides a basis for explaining its conclusions. Seven
intermediate diagnoses were built as deterministic
frames, Deterministic frames were Boolean decision
frames which adopt conditionally dependent infor-
mation and represent valuable clinical, specific
combinations of information. This is a function
inherently implemented in the ILIAD system shell (3,
4).




BEMDS can provide a preoperative differential
diagnosis for renal masses by utilizing: (1) basic
personal data; (2) medical history; (3) symptoms and
signs; (4) laboratory data; and (5) specific diagnostic
procedures including ultrasonography (US), intrave-
nous urography (TVU), retrograde urography (RU),
computed tomography (CT) scanning, renal angio-
graphy and magnetic resonance imaging (MRI).

From March 1993 to April 1994, 123 consecutive
patients were admitted to our hospital with suspected
diagnosis of renal mass. After a complete history was
taken and a physical examination performed, urina-
lysis and a plain film of the abdomen followed. All
patients underwent the usual preoperative diagnostic
evaluation for renal masses. One patient expired
before operation, and 59 patients had a definite
preoperative diagnosis. The remaining 63 patients
who had no definite preoperative diagnosis consti-
tuted the study population. Patient age ranged from
21 to B2 years, with an average age of 62 ycars. Theac
were 34 men and 29 women. Of these 63 patients, 56
patients received IVU and 53 patients, US. Fifteen
patients had RU study becanse of poor visualization
of IVU. All patients had CT scan, eight patients had
renal angiography and four patients had MRL
Details of the screening modality are shown in
Table 1.

In this study, 18 diagnostic categories were
considered including benign lesions, malignant renal
parenchymal tumors and malignant renal pelvic
tumors. The preoperative patient charactenistics
considered important in differential diagnosis of
renal mass are described in Table 2. The character-
istics included clinical and radiographic parameters.
The diagnosis made by RMDS was considered as
“preoperative diagnosis™ if the likelihood of this
diagnosis was predicted as greater than 50%, and the
diagnosis appeared at the top of the differential
diagnosis list of RMDS.

Table |. Detail of the screening modality in 63 paticnts

Screening modality Mo,
™wWu + CT 5
UsS + CT 7
VU + RU + CT 5
VU + 158 + CT 24
WU + US + RU + CT 10
IVU + US + CT + Angiography B
IVU + US + CT + MRI 4
Total 63
VU = intra urography; US = ultrasonography; CT = com-
puterized tomography; RU=retrograde urography; MRI=mag-
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Before surgical exploration of the kidney, one
junior urologic attending physician and three uro-
logic chief residents (numbered as CR-1, CR-2 and
CR-3) were asked to state the most likely diagnosis
for each case. Clinical findings of patients were then
input into RMDS by another physician, preopera-
tively. The diagnosis made by RMDS was then
shown to all physicians, and they were asked whether
they would like to change their diagnosis.

Surgical exploration of the kidney was done on
each patient, and frozen section during operation
was performed for histological examination if
diagnosis was uncertain. The preoperative diagnoses
made by RMDS and physicians were compared
with the final histological diagnosis to test the
validity of the expert system and examine the
effects after RMDS consultation on physicians'
diagnoses of renal masses.

McNemar's test was used to measure the
statistical significance of the difference between
RMDS and physicians' diagnoses. The paired ! test
was used to measure any statistical difference in
physicians’ diagnoses before and after RMDS con-
sultation.

RESULTS

Of the 63 patients with uncertain preoperative
diagnosis, who underwent surgical exploration of the
kidney, 55 had renal parenchymal tumors, cight had
renal pelvic tumors. The RMDS correctly categor-
ized the renal mass in 57 of the 63 patients, yiclding a
90% overall preoperative diagnostic accuracy. The
average overall diagnostic accuracy for renal masses
of the three chief residents was 72% and the
diagnostic accuracy of junior attending physician
was 83%. All were less accurate than RMDS to a
significance level of p<0.05.

After RMDS expert system consultation, the
three chief residents changed their diagnoss,
increasing the average overall diagnostic accuracy
for renal masses to 85%. The diagnostic accuracy of
the three chief residents after RMDS consultation is
significantly better than those before RMDS con-
sultation (p<0.01). The diagnostic accuracy of the
junior attending physician also had significant
difference before and after RMDS consultation.
The number of correct preoperative diagnoses of
renal masses made by RMDS and physicians'
diagnoses before and after RMDS consultation are
shown in Table 3.

In these 63 test cases, [VU, US and CT were the
modalities most widely utilized. Forty-six patients
received IVU as a initial study and were evaluated




Table 2. Preoperative characteristica of patients with renal masses

Total cazes A Parenchymal T. R. pelvie T.

Mo. of patonta (n=1£63) Mal (%) (n=46) Ben. (%) (n=9 Mal. (%) (n=16) Ben. (%) (n=2)
Male 34 17(5%9) 333) HET) 0
Female 9 19(41) B{6T) 33 2
Age <3i0yr 12 12(26) 3(23) 2(33) 1
Age 250y 45 34(74) 6(67) 4(67) !
Smoking history 38 29(63) 3(33) 6(100) 0
General malaise 28 24(57) 111} 3(50) 0
Body weight loss 16 15(13) 0 107 o
Abdominal distention 20 18{39) I 1017 o
Anemin 4 8(17) 0 a Q
Hypertension 14 12(26) {11} 117 ]
D.M. 15 13(28) 1) 1n a
Azotemia 3 2(4) 0 1(17) 0
Gross hematoris i0 20(43) 333) &(100) 1
Microscopic hematuria 3 18(39) A(44) i} 1
Pyurin 10 5(11) 3(33) 2(33) 4]
Urine calture (+) 10 5(11) 3(33) 2(33) 0
Flank pain 45 33(73) T(T8) 46T 1
CVA tenderneas 40 (6T 6(6T) 3(50) a
Flank mass 13 19(63) 33 \n 1]
Fever and chills & M pl e 1017 o
Urine cytology (+) 3 ] a 3(50) ]
Lesion < ]10cm 42 28(61) T(TEY 5(83) 2
Lesion >10cm 11 18(39) HZ2) 11T 1]
Smooth margins 15 6(13) B(E9) 1017 0
Irregulor marging 48 40(8T) 1(11) 5(E3) 2
Homogeneous 7 12) B{ET) 0 0
Inhomogeneous 19 16(78) (33 o a0
Combined renal calculi 5 3T 220 0 0
Central caleification 3 N 1] 1] [i]
Cystic-like lesion 1 o 111y 0 0
Solid mass 62 46(100) #(89) 6(100) %
Round in shape & 49) 227 0 0
Intraluminal flling defect 12 i 111} 6(100) 2
Callect sysiem distortion 36 2750 4(44) 46T) 1
Poor function kidney 26 21(46) 3(33) 2(33) 0
Hypovascular 2 2(4) 0 0
A-Y fistuls 3 244) 111} 0 i}
Neovascularity 6 511 1(11) 0 0
Central bleeding 4 24y 2(27) 0 0
High fat content 4 0 4(44) 0 0
Renal pelvis soft mass 11 E) 0 G100} 2
Perirenal LN enlargement 5 (%) 0. 11T 0

Retroperitomeal contiguous LN masses 2 2(4) o 0 0
Bone metastasis 5 4(9) o (i 0
Lung metastasis 3 2(4) 0 117} 0
Liver metastasi 3 24} 0 L(1T) D

B Parcochymal T. = Renal Parenchymal Tumor, R Pelvic T. = Renal Pelvie Tomor, Mal. =Malignant, Ben = Benign

further by US and CT scan. Of the 46 patients,
additional RU study in 10 patients, remal angio-
graphy in eight patients and MRI in four patients
were performed. Ten patients had IVU and CT scan
without US study. In five of these 10 patients,
additional RU studies were performed. Seven
patients received US and CT scan without IV er
RU study (Table 1).

In diagnosis of renal parenchymal tumors, the
diagnostic accuracy of the three chicf residents and
junior attending physician had significant difference

(p<0.01) between, before and after RMDS consulta-
tion (Table 4). In diagnosis of renal pelvic tumors,
the pumber of patients was too small to be
compared.

The diagnostic accuracy for differentiating
malignant renal tumors from benign lesions by
RMDS was 92%. After RMDS consultation, the
diagnostic accuracy for differentiating malignant
renal tumors from benign lesions by physicians
significantly increased (p<0.01). The number of
correct preoperative diagnoses of benign and malig-




Table 3. Diagnosis before and after RMDS consultation

CR-1 CR-2 CR-3 Attend. RMDS Total

A. R Parenchymal T. (4045 (3943 {41146 (44146 47 51
Angiomyalipoma 23 (E)1] ()3 LEJE kS 4
Hemangopericytomsa 0 0 Q 0 0 o
Juxtaglomerular cefl tumor 1] o o o o o
Lipoms o [#] 1] o 1] /]
Lymphoblastoma (12 (2 (1) ) (12 2 2
Metastatic tumor 22 22 22 2 3
Oncocyloma (ol (0)0 (m 00 1 1
Renal cell carcinoma (34136 (33136 (3437 (3738 k. 39
Sarcoma m (o (o i 1 2
Wilms' tumor 0 0 o g. 0 ]

B.XGP 23 (12 AL (233 3 4

C R Pelvie T. () (2)6 ()6 (&7 7 8
Benign papilioma (b (2 (12 1 2 2
Transitional cell ca. (24 (2)3 (3 (i 4 4
Squamous celf ca. (00 (ol (1 m 1 1
Adenocandnoms (00 (00 (030 1] 1

Total no. (45)54 (43)51 (48)55 (52)56 ) &3

Perventage ; c (71)86 (6881 (7687 (83)39 L

Average from three chiel residents (T2%:)85%

p valus <i.01 =001 <0.01 <0.01

{ % The data before RMDS consultation

Attend. = attending physict

ysician
R. Parenchymal T.= Renal Parenchymal Tumor
R. Pelvic T.= Renal Pelvic Tumar

XGF: Xanthogranulomatous pyelonephritis

*After RMDS consultation, the overall diagnostic accuracy of physicians is significantly better than those before RMDS consultation with

p<0.01.

nant renal tumors before and after RMDS consulta-
tion are shown in Table 5.

DISCUSSION

None of the previous studies used a medical
decision support system to evaluate the patient with
renal masses, prospectively. For somec renal mass
cases, preoperative diagnosis is not easily made.
Herein the possibility of computer-assisted preopera-
tive diagnosis for patients undergoing surgical
exploration for renal masses was evaluated. Analysis

was restricted to patients undergoing operation
without a definite preoperative diagnosis.

Although many sophisticated radiological tech-
niques are available for performance of a diagnostic
workup in patients with a suspected renal mass. TVU
and US are still the recommended initial studies. If a
renal solid mass is identified on IVU and US, CT
scanning has been widely accepted as the diagnostic
procedure of choice (11). In this study, we had the
same preoperative workup, IVU, US and CT were
most widely utilized, especially CT scanning which
was performed in all patients except those with renal
cyst (Table 1).

Table 4. Diagnostic accuracy in renal parenchymal and renal pelvic masses before and
after RMDS consultation

Renal parenchymal masses

Renal pelvic masmes

Before After* Before Afteree
CR-1 40(78%) 45(88%) A38%) B(15%)
CR-2 39TT%) 43(34%) 3(38%) 6(75%)
CR- 41(80%) 46(90%) 5(63%) 6(75%)
Attending 44{B6%) 46(90% ) 6(75%) T(BRYE)
RMDS 50(91%) HEEY)
Total 55

*p<0.02 compared to the sccuracy befars RMDS consultation.
**p<0.05 compared to the accuracy before RMDS consultation,




Table 5. The number of correct preoperative diagnoses of benign and malignant renal masses before

and after RMDS consultation
Malignant renal masses Benign renal masses

Befom Before ARer*®
CR-1 ANTT%) 45(8T%) 5(46%) HE2%)
CR-2 IB(TI%) A4{E5%) 5(46%) TE4%)
CR-1 A2B1%) 46(88%) 6(35%) WEI%)
Attending 45{ET™%) 48(92%,) T(64%) 8(7T3%)
RMDS A8(92%) (E2%)
Total 52 11

*p<0.01 compared to the accuracy before RMDS consultation.
#85..1),05 compared (o the accuracy before RMDS comsultation.

The preoperative characteristics of patients with
renal masses were selected from clinical observations
here. We do not contend that these characteristics are
the only ones of important factors for malignancy.
However, all of them are necessary in the knowledge
frames of RMDS (Table 2). RMDS used estimated
statistical associations between discases and these
preoperative characteristics.

RMDS was developed using a Bayesian
probabilistic approach. Bayesian theory has been
used in many successful medical decision support
system (12, 13). The decision-making information
in RMDS was based on the knowledge and
experience of urologists and scientific clinical
literature in the field of urology(14). In a previous
report, RMDS was able to correctly diagnose
83.3% cases, which is better than chief residents
and is not significantly different from the diagnostic
accuracy of the junior attending physician (15).
Recently, with a revision of this system, the overall
diagnostic accuracy has increased to 90% (Table 3).
Therefore, RMDS was used for prospectively
evaluating patients to categorize renal masses as
benign or malignant lesions and as renal parench-
ymal or renal pelvic tumors. The positive predictive
value and negative predictive valuc for RMDS were
calculated on the basis of correct identification of
the renal mass category. In differential diagnosis of
renal parcnchymal tumors and renal pelvic tumors,
the sensitivity was 91% and the specificity, 88%.
For differential diagnosis of malignant and benign
renal masses, the positive predictive value was 92%
and the negative predictive value was 82%. The
utility of RMDS is supported by the high
sensitivities and specificities of the results. After
RMDS expert system consultation, three chief
residents and the junior attending physician
changed their diagnoses and their diagnostic
accuracy significantly increased (Table 3). Physi-
cians changed their diagnoses because the RMDS

expert system reminded physicians of patient
conditions which need attention.

The common finding in patients with renal pelvic
tumor is a filling defect in the renal pelvis, often seen
on early films of the IVU. In about one-third of the
patients with renal pelvic tumor, the only finding is
that defect (9). A preoperative differential diagnosis
of renal pelvic tumor usually is not difficult
However, in a few cases, the renal pelvic tumor
has extended beyond the kidney, It is difficult to
differentiate this kind of renal pelvic tumor from
renal parenchymal tumor, In this study, RMDS
was able to differentiatc seven of the eight cases of
renal pelvic tumor and 50 of the 55 cases of renal
parenchymal tumor (Table 4).

In renal parenchymal tumors, benign renal
lesions were frequently detected in preoperative
diagnosis after the use of CT and MRI. Physicians
will increasingly be required to differentiate benign
from malignant renal parenchymal tumors (11). In
this scrics, benign renal lesions included renal cyst,
renal abscess, xanthogranulomatous pyelonephritis,
angiomyolipoma and oncocytoma. Most benign
renal lesions were diagnosed preoperatively by
RMDS, except for one zanthogranulomatous pyelo-
nephritis and one angiomyolipoma. The diagnostic
accuracy for malignant renal masses was 92%.
Physicians changed their dizgnoses after RMDS
consultation, and the diagnostic accuracy for
benign and malignant renal masses also significantly
increased. However, one malignant renal pelvic
tumor-adenocarcinoma was diagnosed as transitional
cell carcinoma. In renal pelvic tumor, benign
papillomas account for approximately 15-20% of
cases, and will eventually develop carcinomas (10). It
was difficult to differentiate benign from malignant
renal pelvic tumors. In our series, the benign renal
pelvic tumor diagnosed by RMDS was based on
radiological findings, and a pegative test of urine
cytology.




It appears that better preoperative renal mass
diagnosis will result in fewer unnecessary frozen
sections during operation, and shorter surgical times.
Thereafter fewer postoperative complications and a
reduced length of hospital stay will be expected. This
study was not used to influence physician's behavior
or make physicians change their management tech-
niques, but the results indicate that the medical
expert system RMDS may have an important role in
preoperative diagnosis of renal masses.

SUMMARY

The RMDS expert system was used to prospec-
tively evaluating patients undergoing nephrectomy
for suspected renal masses. From March 1993 to
April 1994, 123 consecutive patients underwent the
usual preoperative diagnostic evaluation here, for
renal masses. One patient expired before operation
and 59 patients had a preoperative diagnosis. The
remaining 63 patients without a definite preoperative
diagnosis constituted the study population. The
overall preoperative diagnostic accuracy of RMDS
was 90%, the average overall preoperative diagnostic
accuracy of three chief residents was 72% and the
overall diagnostic accuracy of a junior attending
physician was 83%. The diagnostic accuracy for
differentiating malignant renal masses from benign
lesions by RMDS was 92%, and the diagnostic
accuracy for differentiating renal parenchymal
tumors from renal pelvic tumors by RMDS was
91%. After RMDS expert system consultation, three
chief residents and the junior attending physician
changed their preoperative diagnosis, and signifi-
cantly increased their diagnostic accuracy to 85%
and 89%. This study has not been used to influence
physician’s behavior and/or preoperative manage-
ment, but the results indicate that the medical expert
system may have a useful role in preoperative
diagnosis of renal masses.

Acknowledgerment—We thank Professor Lo Sing Kai at Chang
Gung Medical College for the suggestions regarding statistical
analysis.

REFERENCES

l. Duda, R.O.; Shortliffe, E.H. Expert sysiems reszarch. Science
220:251; 1983,

1. Shortliffe, E.H. Medical expert systems—imowisdge tools for
physicians. West J. Med. 145:830: 1986,

3. Warner, HR.; Haug, PJ.; Boohaddou, O Lincoln, M.J:
Warner, HR. JIr.; Sorenson, D.; Willizmson, |.'W.; Fan, C,

Diad a8 an cxpert consultant to tesch differential disgnosis.
Proceedings of the 12th Sympotium on Computer Applica-
tions in Medical Care. p, 371. [EEE Compater Society Press,
Washingron [}C, 1987,

4. Cundick, R.; Turner, C.W_; Lincoln, M.J.; Buchanan, J.P:
Andersamn, C.; Warner, Jr. H.R.; Bouhaddou, Q. Diad as a
patienl case simulator to tmach medical problem solving.
Proceedings of the Symposium on Computer Applications in
Medical Care. p. 502 [EFE Computer Socicty Prem,
Washington DC, 1989

5. Turner, C.W.; Williamson, J.W.: Lincoln, M.J,; Haug, P.J.;
Buchanan, JP; Andersom, C.: Grant, M_; Cundick, R.:
Warner, H.R. The effects of [iad on medical student problem
solving. Proceedings of the Symposium on Computer Applica-
tions in Medical Care. p. 478, [EEE Computer Society Preas,
Washington DdC, 1990,

6. Robson, C.J. Radical nephrectomy for renal cell carcinoma. 1.
Urol. 89:37; 1963.

7. Strong, D.W.; Pearse, HLD.; Tank, E.5.Jr.: Hodges, C.¥. The
urcteral stump after nephrourciercctomy, J. Urol, 115:654;
1976,

8. Geffen, D.B.; Fisher, R.I; Longo, D.L ; Young, R C.; DeVita,
¥.T. Jr. Renal involvement in diffuse aggresnve |ymphomas:
results of treatment with combination chemothernpy. J. Clin.
Omcol. 3:646; 1985,

9. Fraley, EE; Lange, P.H ; Hukals, TR Recent studies an the
mmunobiclogy and virology of himsn uwrothelial tumors,
Urol. Clin. North Am. 3:31; 1976,

10. Grabstald, H.; Whitmore, W.F.; Mclamed, M.R. Renal pelvic
tumors. JAMA 218:845; 1971,

11. Dreicer, R.; Willizms, R.D. Renal parenchymal neoplasms. [n:
Tanagho, E.A. and McAninch, J.W,, eds Smith’s General
Urology, p. 359. Connecticut: Appleton & Lange: 1992,

12. Edwards, FH.; Gracber, GM. The theorem of Bayes as a
clinical research tool Surg. Gymecol Obstet. 165:127; 1987,

13, Raeside, D.E. Bayesiun statistics—a guided tour, Med, Phys,
3:1; 1976.

14, Chang, P.L; Li, Y.C.; Wu, C.J1.; Huang, M.H. Using [LIAD
system shell to create an expert system for differentisl
dingnosis of renal masses. J. Med, Syst. 17-289: 1993,

13, Chang, PL; Li, Y.C; Wu, CJ; Husng MH: Haug,
P.J.Clinical evaluation of & remal mass dingnostic expert
system. Compul. Biol. Med. 24:315; 1994

Abaat the Author—P1g1 LAnG CHaNG is the Chief, Department of
Urology at the Chang Gung Memorial Hoapital, Chang Gung
Medical College, Taipa, Taiwen, Republic of China, He also is the
Chief of the Operating Committes at the Chang Gung Memorial
Hospital. He is & Fellow of the International Callege of Surgeans
and a member of the International Continence Socicty.

About the Anthor—Yu-Ciuan L1 is the Chief of the Center for
Biomedical [nformatics at the Taipei Medical College. He is also
an Associatc Professor in the Department of Puoblic Health at
Taipei Medical Callege. He carned his PhD degree from the
Department of Medical Informatics, School of Medicine, Uni-
versity of Utah, USA

Aboat the Author—Sirs Tsowo HUANG s an Attending Physican,
Department of Urology, at Chang Gung Memorial Hospital. He iz
a reaearch (ellow at University of California, San Francisco, USA,
from July 1995 to June 1996,

About the Author—Ta Mimv Wano an Attending Fhrlmn
Department of Urclogy, at Chang Gung Memorial Hospital

About the Anthar—Mmio Lt HammR is an Attending H?‘jiil:ii.n,
Department of Urelogy, st Chang Gung Memaorial Hospital.




	Effects of a medical expert system on differential diagnosis of renal masses A prospective study.tif
	Effects of a medical expert system on differential diagnosis of renal masses A prospective study(2).tif
	Effects of a medical expert system on differential diagnosis of renal masses A prospective study(3).tif
	Effects of a medical expert system on differential diagnosis of renal masses A prospective study(4).tif
	Effects of a medical expert system on differential diagnosis of renal masses A prospective study(5).tif
	Effects of a medical expert system on differential diagnosis of renal masses A prospective study(6).tif

