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Differeniial diagrony of remal modies i an impociant and difficuli process. A renal mait
dingmashic rystem (RMDS) developed by using the NLIAD expert ayatem hell has beew ereated for
diggnoatic consuliations and patient simulotions. Severry-rwo cases of renal masr huve been
teited o this yilem and the diagnostic occuracy was compared o thar af residents. The overall
dimpnowic acewracy (F3%) for renal masses is significandly berrer than second-year wrological
Fesidenti (60R) and not worse than wrological chief residenty (71°5). The expert nysiem also
displays the cost of the diagnostic procedures 5o thar the iier can choose the most cogt-effective
dragnostic process. We conclude thar thiy powerful renal mass diagnasis system developed by

wusing HTALY sysrem shell can be wred as a teeching, self-rroining and ciinicol tool for wrological
residents,

INTRODUCTION

Ancxpert system is a type of artificial intelligence program used to solve special problems
that normally require human expertise. Recently, a few successful medical expert systems
have been developed to aid specialists solving domain-specific prnhlcms.l'ﬁ

Dilferential diagnosis of renal masses has been a difficult and expensive process for
an urologist. However, this process is necessary before a renal mass operation because the
pasition and characteristics of the mass may influence the surgical preparation, the sur-
gical approach and the subsequent success of the operation, Therefore, we decided 1o use
LLIAD expert system shell to create a differential diagnosis system that can help vrologists
in the preoperative work up of renal mass without performing redundamt expensive or
invasive procedures.

Fram the Division of Urolagy, Department of Surgery, Chang Gurg Memorial Hespital, Chang Gung Medical
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Table L. An Example of Probabilistic Frame in RMDS

Disease: Renal Angiomyalipormia
Prevalence: 3 in 10,0040 for inpatiens surgical service population
Postersor Probability: 0.0
Findinga Cost PR TPR LR =

LR+
Abdomimal CT scan shows renal mass with JHI'I_
fat content 3401 0001 0.95 19.9
or
MEI of sbdomen shows renal mass with (RS
hgih far eantemn 5561 0.001 .95 19.9
Ultrasonography shows renal mass with 170
high fat content 5143 0005 4.80 i}
Atdamnal CT sean shows renal mass with
central bleeding a0 0.005 .95 Gag 19.9
o
MBI of abdomen shows renal mass with
eentral bleeding §441 0.005 0.95 949 19.9
Ultrasonography shows renal mass with 550
central bleeding 5143 b RS .60
Fenal anglopraphy shows tenal mass with
neavascilanty 3803 0.l 095 16 19.9
Intravenous pyelogram shows renal mass 7.00
L300 0.15 0,40 3.00
Triad of miberosus sclerusis 500
oo 0,30 1.3
Abduminal exsminaticn: flank mass .00
015 0,30 1.78
Present history: hypovalemic shock 100
0.10 0.45 1.18
Abdominal examination: fank tendermess 1.50
0.15 0.0 1.20
Evidence of anemia - 1.33
0.15 0.3 1.06

TPR (True Pasitive Rate) = Sensitivity
FPR (False Positive rate) = |-Specificity
LR 4 : Positive likelihood rtio

LH—: Megaiive likelilood ratio

Table 1 are in U.S. dollars that eome with ILIAD. This system also provides a function
o change the cost of procedures as user's preference. We have created another version of
the sysiem vsing the actual costs in Taipei.

RMDS used estimated statistical associations between diseases and patient’s clinical
lindings. The decision making information in RMDS was based on the knowledge and
experence of urologists and scientific clinical literature in the field of urclogy. Prevalence
rates (@ priori probabilities) of the |8 tenal mass diseases were calculated from the
accumulated patient database of Chang Gung Memorial Hospital.

Each probability frame in the RMD5 system includes a priori probability which
tepresents the prevalence of the discase in the surgical service inpatient population and a
posterior probability indicating the current probability of the disease given the patient




Table 2. An Example of Deterministic Frame in RMDS

Abuormal Unne Findings

Findimgs Stanus Frequency Com

A Urinalysia shows WECy (>50HPF) .03 H1E]
B, Uyinslysis shows microcopic bematuiia

(RAC > HHPF in winec) 0.403 $1a

C. Urinalysis shaws bacteriuria 0.0% 514

Tre if Aor BorC

findings. The current status of each finding is indicated to the right of each finding (e.g.,
"Yes," ""No."" or ""Unknown'"). If the finding is a test, the relative cost will be shown
underneath the status. The next column contains the findings true positive rate (sensitiv-
ity) and false positive rate (1-specificity). The final column shows the positive likelihood
ratio and the negative likelihood ratio,

The differential diagnosis list and the probabilities associated with each disease can
be displayed after the user presents the clinical findings of the patient. From the differ-
ential diagnosis list of RMDS, the user can select a disease and request to see the reasons
that the specific diagnosis is being considered. This is a lunction inherently implemented
in ILIAD system shell.®7

Seventy-two consecutive cases of renal mass that we diagnosed and operated on
between May 1989 and April 1992 were used to test the accuracy of the RMDS for
discriminating the I8 renal masses that we implemented in this system, The final diag-
noses of these 72 cases were all confirmed by pathological examination after opetation
and were used as the gold standard diagnoses in this sudy. The diagnoses made by the
RMDS were determined as “'correct’” il the top diagnosis listed by the RMDS matched
the gold standard diagnosis and the predicied probability of this diagnosis was greater than
30%. Four kinds of renal mmor including hemangiopenicytoma, juxtaglomerular cell
tumor, lipoma and cystadenocarcinoma could not be found in these test cases,

Three third year urological residents (the chiel resident of wrological depanment;
numbered as CR-1, CR-2, and CR-3) and three sccond-year urological residents (num-
bered as R2-1, R2-2, and R2-3) evaluated these 72 cases. They were asked to make a
single most likely diagnosis after reading the findings of those cases. They completed
these test cases within | week. All six residents were informed that the results of the test
would be known only to them and to the research team.

RESULTS

Of the 72 test cases, 31 had renal parenchymal tumaor, 24 had renal pelvis tumor, 4
had renal cyst, 9 had renal abscess, and 4 had xanthogranulomatous pyelonephritis
(XGP). Only one Wilms® twmor was found in these cases because children with Wilms®
tumor were always admitted to the department of pediatric surgery. The number of
patients with renal cyst did not cormespond to its diseass of prevalence because few renal
cysts required explomtion,



The RMDS was tested in these T2 cases underpoing surgical operation and pro-
duced a 75% overall diagnostic accuracy which compared with CR-1, CR-2, CR-3, R2-1,
R2-2, and R2-3 who demonstrated 68%, 71%, 74%, 61%, 63%, and 57%. The mean
diagnaostic accuracy of 3 chief residents was 71% and the mean diagnostic accurscy of 3
second year residents was 60%. The detailed results are shown in Table 3. In these 72
cases, | case of renal cell carcinoma and 2 cases of transitional cell carcinoma were
diagnosed by the RMDS as the top diagnosis but with a posterior probability below 50%.
Including these 3 cases, the overall diagnostic accuracy for renal masses of RMDS was
1%

The diagnostic accuracy had no significant difference (p > 0.05) between RMDS
and each chiefl resident, and no significant dilference between RMDS and each R2 in
diagnosis of renal parenchymal tumors or tumors of renal pelvis. However, the overall
diagnastic accuracy for renal masses of RMDS was better than second-year urological
residents with a significance level of p < 0.05 and not worse than chiel residents. The
95% confidence intervals were determined by Pratt’s approximation for binomial confi-
dence limits (Table 4).'%"? The diagnostic of RMDS and of residents are shown in Fig-
e |,

Tahle 3, The Number of Correct Diagnoses of Renal Masses made by RMDS and
Urological Residents

RMDS  CR-1 CrR-2 CR3 RMI R2-2 RI2

Cases (%) %) %) (%) (% (%) (%)
(1) Benal parenchymal tumors k1] 11 23 23 M 1 1] 16
(5E) {4} 74y 7 (T} (52) (52)
Angiomyolipama 4 3 4 3 3 2 2 3
Hemangioperic yloma 0
Juntaglomerulsr cell tumos i
Lipoma 0
Lymphoblastoma 4 2 0 2 2 A I |
Metagtatic namor 2 I 2 2 2 2 1 1
Uncocyloma 4 1 Q (1] | a 0 0
Fenal cell carcinoma 14 12 14 13 13 §] 10 Lt}
Sarcoma 2 I F 2 2 2 1 0
Wilins" tusmor i 1 1 1 | | 1 1
(2} Tumors ef renal pelvis 24 18 16 16 17 15 16 14
(75} (67) {67) (1) (63) (67) {38)
Rewipn papilloma 3 3 3 3 2 3 F | ]
Transitiona) cell carcinoma 17 14 13 13 14 12 14 13
Squamous cell carcinoma 2 I 0o 1} I i} 0 0
Adenocaringma r [¥] ] (1] L] ] 1] 0
(1) Renal cyst
Simple cyst 4 i 2 k| 3 2 2 i
Cystadenocarcinoma 0
(1) Benal abscess 9 ] 7 8 1 ] 9 7
() MG 4 3 | 1 1 (i} 2 i
Toual 72 54 49 51 53 a4 45 4]

[

{75} (64) (1) (74) 61y w6y (5N




Table 4. The Statistical Analyses of Diagnostic Accuracy Among RMDS and Residents by
Using P'ratt®s Approximation

Correct M g cr
N="T2 cases Fercentage (Upper 95%) {Laywer 95%)
RMDS 54 Ti% Bi% 631%:
CR-1 49 68 T9% 6%
CR-2 5 % % 0%
CR-2 53 T4% 1% Gl
R1-1 dd Lk TI% 49%
R2-2 45 61% T4% 0%
R21 4] 1% % 45%

* Confidence imervals,
* The diagnostic accusacy of RMDS was berier than second-year urological residents with a significance level
of p < .04,

DISCUSSION

ILIAD is a frame based expent system for medical education that performs two major
functions, consultations and simulations. In the consultation mode, an user presents a real
case (o ILIAD and ILIAD generates a differential diagnosis. In the simulation mode,
ILIAD cieates a simulated case and allows a user the opportunity to check his diagnostic
skills." The RMDS makes use of ILIAD system shell including functions of consultations
and simulations 1o generate a differential diagnosis of renal mass and 1o pravide residents
with toals for doing systematic decision analysis and problem-based leaming,

RMDS calculates each disease in its differential diagnosis list as an independent
entity. The major difficulty of implementing this system is the estimation of the false
positive rate of findings in each diagnosis. This value greatly affects the result of differ-
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Figure 1. The diagnostic aceuracy of RMDS and urological residents,



ential diagnosis. The lalse posiive rate for findings is not regularly documented and is not
a simple number for physicians to estimate. The expent judgment of an experienced
wrologist is often used to get an appropriate false positive rate.

We can use the RMDS to decide what would be the next most useful information for
establishing a diagnosis of renal mass. By properly using the system, the diagnostic
process can be optimized in tenms of cost-cllectiveness and physicians' preference. This
function was based on the positive and negative likelihood ratio for each finding and the
relative cost for wests.”

The differential diagnosis of renal mass was easily made in typical cases. For ex-
ample, a diagnosis of renal abscess was suspected when positive percutancous needle
aspiration and a hypovascular renal mass in renal angiogram appeared in a patient with
high fever. In atypical cases, differential diagnosis was very difficult. For example, renal
oncocytoma without angiographic charactenstic features was difficult to differentiate
from renal cell carcinoma. In some rare cases, it was nearly impossible to make a
preoperative differential diagnosis. For example, adenocarcinoma of renal pelvis cannot
be differentiated preoperatively from transitional cell carcinoma without biopsy. Two of
the test cases in this study were surgically confirmed as adenocarcinoma of renal pelvis,
none of them were correctly diagnosed by either RMDS or the residents.

Some large tumors of the renal pelvis that invaded the parenchyma may mimic renal
parenchymal tumors, revealing a big renal mass with a distorted caliceal system on the CT
scan. It was very difficult to differentiate these two clinically, even though urine cytology
was used. RMDS expernt system tends (o bring them up together in differential diagnosis
List when the informaton put in supported one of them.

Certain renal tumors are sometimes accompanicd by unnary tract infection, which
make dingnosis doubtful, Cne situation that is commonly misdiagnosed as squamous cel]
carcinoma is the cccumence of xanthogranulomatous pyelonephritis combined with in-
fected calculi, because they both present a tumor-like formation and renal function im-
prairment,

EMDS was designed to make the user aware of the relative costs for various diag-
nostic procedures. Although some invasive diagnostic procedures carry valuable infor-
mation for making diagnosis (e.g., renal angiography), this information may be available
only at great cost. Therelore, in terms of cost effectiveness, these procedures may not be
optimal at an early stage in the work-up. Other non-invasive diagnostic procedures may
carry less diagnostic information (e.g., ultrasonography), but they can be less expensive
and may be more appropriate in the early stages of the work-up. This function helps 10
remind user of performing non-invasive, low-cost diagnostic procedures at the early stage
of working up a case,”

In this study, RMDS made correct diagnosis in all cases of benign papilloma of renal
pelvis and renal simple cyst, [n addition, RMDS identified three out of four cases of XGP
while the residents averaged only one correct diagnosis, It appeared that EMDS might be
mist helpful for diagnosing diseases in cortain catcgorics, but on the other hand, we found
no significant difference among RMDS, chiel residents and the sccond-year residents
while diagnosing specifically renal parenchymal tumors or tumeors of renal pelvis. How-
ever, the aoverall diagnostic accuracy for renal masses of RMDS was significantly better
than second-year residents and maintained the same accuracy level as chief residents.



In conclusion, a medical expert system can e easil}' created h‘]r' usin.g the ILIAD
system shell. The combination of consultation and simulation functions can provide
residents with an useful wol for sell-training. RMDS also informed wsers about the costs
of the diagnostic procedures so that the users can choose the most cost-effective way of
working up the disease. The overall diagnostic accuracy for repal masses of RMDS was
significantly better than second-year urological residents and not worse than chiefl resi-
dents. We believe that the overall diagnostic accuracy of RMDS will be better afier
revision of the system. However, in atypical cases of renal mass, RMDS tended 1o make
more mistakes than the residents. A Minal check by an expenenced urologist is stll
necessary for the presurgical diagnosis of renal masses.
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