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Few diagnostic decision-support systems are in routine clinical use, mainly because these 
systems typically require time-consuming manual data entry. This research investigated the 
feasibility of reducing manual data entry by integrating a stand-alone diagnostic expert 
system with an existing comprehensive hospital information system (HIS). A knowledge
based intervocabulary mapping technique was developed to map disparate vocabularies. 
The results of a retrospective study indicate that transferring clinical data from the HIS to 
the diagnostic expert system at the beginning of a workup significantly reduces the manual 
data entry required for generating the correct diagnoses for patients. lt:l 1994 Acadeamic 

Press, Inc. 

INTRODUCTION 

The practice of medicine is a knowledge-based process. With medical knowl
edge doubling every 8 years, it is increasingly difficult for physicians to assimi
late the large body of medical information. Covell et al. found that 70% of the 
information needs of medical practitioners were not being met satisfactorily 
(1). 

Despite the advances in medical knowledge, diagnostic errors in day-to-day 
practice may be increasing. Autopsy studies have found that the accuracy of 
clinical diagnoses ranged from 46.75 to 96.4% and underdiagnosis, overdi
agnosis, and misses in potentially treatable diseases occurred (2, 3). Since 
treatment plans are based on diagnoses, diagnostic errors result in patient 
management errors. Weinberg found that patient management errors ranged 
from 10 to 38% and that these errors relate more to the process of making a 
diagnosis than inappropriate therapy (4). Diagnostic errors cause unnecessary 
or inappropriate treatments or procedures and produce serious morbidity and 
mortality (5-7). 

Physicians strive to provide quality patient care by making optimal clinical 
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decisions. Expert systems have been developed to help physicians interpret 
patient data and provide reminders, alerts, and advisory messages. With such 
systems, physicians might minimize the diagnostic errors that occur in daily 
practice and so improve the quality of patient care. Studies have demonstrated 
that stand-alone diagnostic decision-support systems have improved diagnostic 
accuracy (8-10). In addition, Lau et al. showed the benefits of using a diagnostic 
expert system to detect quality problems arising from diagnostic errors (11). 

Although diagnostic expert systems are useful as decision-support tools for 
physicians, few diagnostic decision-support systems are in routine clinical use 
(12). Both Shiffman et al. (13) and Bergeron (14) concluded that diagnostic 
expert systems are not embraced by physicians in routine clinical practice. 
Perry stated that computer-assisted medical decision making tools are used 
mostly in education and research (15). The lack of efficient interfaces to a 
comprehensive clinical patient database is a major reason (12, 14). Conse
quently, physicians must manually enter patient-specific data into these diagnos
tic expert systems for consultation. Most physicians are unable or unwilling to 
spend the extra time required to use stand-alone decision-support tools. 
Shortliffe explicitly pointed out that the dislike for data entry is a reason that 
physicians reject the idea of decision-support systems (16). 

To solve the data entry problem and increase the routine use of diagnostic 
expert systems by physicians, two basic approaches can be taken: (i) provide 
a user-friendly interface to simplify and speed the data entry process; (ii) make 
comprehensive patient databases available for the direct retrieval of patient
specific data, thus partially or completely eliminate the data entry process. This 
research studied the latter approach by interfacing Iliad (17), a diagnostic expert 
system in internal medicine, with HELP (Health Evaluation through Logical 
Processing) hospital information system (18, 19), which has a comprehensive 
patient database. The hypotheses of this research were: (i) intervocabulary 
mapping between Iliad and HELP would enable Iliad to obtain some patient
specific data from the clinical patient database in HELP; and (ii) providing 
HELP clinical data to Iliad would reduce the manual data entry requirements. 

METHODS 

Assumptions 

This retrospective study assumed that physicians might consult Iliad for 
patients admitted to the hospital without an established diagnosis. The design 
also assumed that 2 days of clinical data would be sufficient for establishing the 
admission diagnosis of each patient. Consequently, only clinical data acquired 
within the first 48 hr after admission were transferred from HELP to Iliad. 

Issues 

Three key issues arose in interfacing Iliad and HELP: the physical link 
between the two systems, the communication protocol to facilitate information 
exchange, and the intervocabulary mapping between Iliad and HELP. This 



118 WONG ET AL. 

research explored the feasibility and usefulness of interfacing a stand-alone 
diagnostic expert system with a hospital information system. Of the three issues 
raised above, only intervocabulary mapping was addressed. In addition, this 
study measured the effect of transferring clinical data from HELP to Iliad 
which was· simulated by manual data entry. ' 

Interuocabulary Mapping between Iliad and HELP 

In recent years, many investigators have attempted to develop different strate
gies to map different controlled vocabularies. Sherertz et al. employed a lexical 
matching technique to map structured text to MeSH (20). Cimino et al. created 
a semantic network and a comparison algorithm for automated translation of 
a subset of medical and surgical procedures between the ICD9, MeSH, CPT4, 
and SNOMED (21). Masarie et al. developed a frame-based system based on 
the interlingua approach to map the manifestations of cardiopulmonary diseases 
between MeSH, QMR, DXplain, and HELP (22). 

Intervocabulary mapping between Iliad and HELP created a dilemma. None 
of the above mapping techniques were available and it was impractical to 
develop another mapping technique as part of this research. As a result, a labor
intensive manual mapping technique was used in this study. 

Both Iliad and HELP use a hierarchical data dictionary to define clinical 
manifestations such as history, physical examination, and laboratory results. 
Each term in the dictionaries has a text description and a unique numeric code 
that identifies its relation in the hierarchy. For instance, the Iliad term "CHEM-
20: creatinine is = = = mg/dL" has a numeric code of" 13.2.18.0.0.0." The 
identical term in the Point-to-the-Text (PTXT), which is the HELP data diction
ary, has a numeric code of "13.14.1.13.0.0.0" and the associated text string of 
"Chemical analysis: ser: quant: creatinine." Both the Iliad data dictionary and 
the PTXT are organized into "data classes" that represent clinical areas or 
departments. These data classes simplified the manual mapping process because 
Iliad terms in one data class were restricted to one or two corresponding data 
classes in the PTXT. For example, mapping of the Iliad term "CHEM-20: 
creatinine is = = = mg/ dL" in the data class "Chemistry Lab Data" was 
restricted to the PTXT data class "Clinical Chemistry." 

The outcome of mapping an Iliad term to the PTXT fell into three categories: 
"exactly matched," "partially matched," and "not-matched." For an exactly 
matched term, there exists a PTXT term that contains the exact concept, 
information, or meaning of the Iliad term. For instance, ''Chemical analysis: ser: 
quant: creatinine" in the PTXT is exactly matched to "CHEM-20: creatinine is 
= = = mg/dL" in the Iliad vocabulary. For a partially matched term, there 
exists a PTXT term that contains only part of the concept, information, or 
meaning of the Iliad term. For instance, the PTXT term "glucose" is only 
partially matched to the term "fasting glucose" in the Iliad vocabulary. Finally, 
for not-matched terms, no mapping can be found. 

There were few exactly matched terms because the two controlled vocabula-
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ries were developed by two different groups of researchers for different pur
poses. Most of the Iliad terms were only partially matched to PTXT terms. 
flowever, if there were more exactly matched, more patient data could be 
transferred from HELP to Iliad. Consequently, to increase the amount of data 
that cottld be transferred, a knowledge-based intervocabulary mapping tech
nique, called MLM-mapping, was developed. 

In the HELP system, ·medical logic modules (MLMs) represent medical 
knowledge. Each MLM is an independent knowledge module that has decision 
logic and medical knowledge for a single concept (23, 24). Whenever the criteria 
in an MLM are satisfied, the particular action specified in the MLM is executed. 

Most terms in the PTXT are atomic, with each term representing a single 
simple concept. This atomic nature allows terms to be combined to form more 
complex concepts. For instance, in the radiology data class of the PTXT, the 
atomic terms "nodule" and "right upper lobe" can be combined to represent 
the concept ''right upper lobe nodule.'' 

The MLM-mapping approach took advantage of the atomic nature of PTXT 
terms and the MLM-knowledge representation of the HELP system. Each 
MLM created captures the concept of a targeted Iliad term. MLM creation 
required understanding the targeted Iliad term, finding the PTXT terms that 
can represent the same information, and combining these PTXT terms with 
appropriate logic. For instance, for the Iliad term "Anti streptolysin 0 (ASO) 
test is positive," the closest PTXT term is "ASO test." However, the "ASO 
test" is a numeric term that does not specify positive or negative. Therefore, 
mapping "Anti streptolysin 0 (ASO) test is positive" required creation of a 
MLM. This MLM included the PTXT term ''ASO test'' and the logic specifying 
that the ASO test is positive if its value exceeds 199. Each MLM was tested 
against real patient data. 

Developing a Query Program 

Mapped Iliad terms or newly created MLMs do not guarantee that Iliad can 
get the clinical data it needs from HELP. Any data to be transferred from 
HELP to Iliad must first exist in HELP's central patient database. Currently, 
HELP captures and stores only a subset of patient data. 

Once the intervocabulary mapping was accomplished, a query program was 
developed to retrieve clinical data from HELP's central patient database. In 
addition, a patient file, a PTXT file, and an output file were created. The patient 
file contained patient numbers. The PTXT file contained the numeric codes of 
the exactly matched PTXT terms. It also contained a pointer to each MLM 
that had been developed to translate inexactly matched HELP data into Iliad 
terms. The output file was a text file designed to hold all the clinical data 
extracted from HELP. 

Diseases and Patients Selection 

Three disease domains were selected for this study: pulmonary, hematology, 
and gastrointestinal, because Iliad's knowledge base in these areas is well 
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developed. In addition, LDS Hospital admissions to these medical services 
provided a sufficient number of cases for this study. 

The ICD9 codes of each disease domain were identified. A program was 
developed to retrieve patients whose principal discharge diagnoses matched 
any of these _ICD9 codes. This progarm reviewed all patient admissions to LDS 
Hospital during a 6-month period. The resulting patient numbers were entered 
into the patient file with a text editor. Patients who were transferred from other 
medical facilities were excluded because their clinical data for the first 48 hr 
after admission might not have been available. 

Next, the query program retrieved clinical data from HELP as specified in 
the PTXT file. The retrieved clinical data of all qualified patients were stored 
in the output file. From this output file, the 50 patients with the most clinical 
data were selectedfor the retrospective study. The medical charts of these 50 
patients also were retrieved from the medical records department. 

Experimental Design 

Creating patient cases. The HELP clinical data of the 50 patients were first 
entered manually into Iliad to create 50 Iliad patient cases. A physician reviewed 
each patient's medical chart and entered missing data into the corresponding 
Iliad patient case. These missing data were collected within the first 48 hr of 
admission, but not found in HELP's central patient database. They included 
the chief complaint, history, physical examination, and certain test results. The 
data entry process stopped when all missing data were entered or the principal 
discharge diagnosis or a secondary discharge diagnosis of each patient case 
reached 95% probability or above. 

Creating test cases. Two different types (Type I and Type II) of test cases 
were created from each patient case. Both types of test cases were provided 
with the same chief complaint. In addition, Type II test cases were also provided 
with the clinical data from HELP. Both types of test cases had the same 
working hypothesis, which was the principal discharge diagnosis or a secondary 
discharge diagnosis from the patient's medical record. 

Processing test cases in "least cost mode." An Iliad option called least 
cost mode simulates physician interaction with Iliad. As a test case is being 
processed in the least cost mode, Iliad automatically generates a list of questions 
based on the current available patient data. A ranking algorithm directs ques
tioning to the most informative and least expensive items of information. Simul
taneously, Iliad attempts to retrieve the answers from the patient case that was 
previously created. The least cost mode was used to process both types of test 
cases to reduce the cost of this study by eliminating the requirement of manual 
data entry by physicians. 

At the beginning of processing each test case, the provided chief complaint 
(in both Type I and Type II test cases) and the HELP data (in Type II test 
cases only) were first used to infer the working hypothesis. If Iliad could not 
confirm the working hypothesis with 95% probability, it performed two tasks. 



INTERFACING WITH A HIS 121 

First, Iliad identified the most informative but least expensive question. Second, 
Iliad attempted to retrieve the answer from the patient case that was previously 
stored. This cycle repeated until the designated working hypothesis reached 
95% probability. However, if too many questions remained unanswered, Iliad 
would stop the workup without being able to confirm the working hypothesis 
with 95% probability. At the end of each workup, whether Iliad was able to 
conclude the working hypothesis (complete) or unable to conclude the working 
hypothesis (incomplete), a summary was generated. The summary indicated 
all the clinical data that were used in the workup to produce the final differential 
diagnosis. 

Data analysis. Two analyses of data were performed to study the feasibility 
of intervocabulary mapping between Iliad and HELP and the impact on manual 
data entry when HELP clinical data were provided at the beginning of a workup. 
First, the result of the intervocabulary mapping was tabulated into the categories 
of exactly matched and exactly matched with MLMs in each data class. Second, 
the summaries of all processed test cases were analyzed to determine the 
additional number of clinical data items entered by physician in Type I and 
Type II test cases. 

RESULTS 

Jntervocabulary Mapping 

Table 1 shows the results of the mapping. The mapping of the Iliad and 
HELP vocabularies focused on clinical findings. Although history and physical 
examination findings are defined in the PTXT, these findings are not captured 
currently in the HELP system. Consequently, no attempt was made to map 
the corresponding data classes in Iliad. Note that the overall mapping effort 
concentrated on laboratory findings. 

In the first phase of the manual mapping process, the number of synonyms 
found in the PTXT for the 2352 Iliad findings was 133 (5.6%). In the second 
phase, MLM-mapping increased the number of synonyms. Creating MLMs for 
mapping the remaining Iliad terms would have demanded tremendous human 
effort. Therefore, only a small subset of the remaining Iliad terms was mapped 
with MLMs. This subset of Iliad terms was pertinent to the three chosen disease 
domains. One hundred and five MLMs were created to map 105 Iliad terms. 
In total, 238 of2352 Iliad findings (10.1 %) were mapped. The 238 mapped terms 
represented only 4% of the terms in the Iliad vocabulary. It is important to 
realize that many more MLMs could have been created for each data class in 
the Iliad vocabulary. However, this does not imply that the significance of the 
results of this study will increase linearly. 

Patient Selection, Clinical Data Retrieval, and Data Entering 

The patient archive for the second half of 1991 at LDS Hospital was searched. 
Based on the ICD9 codes for the three chosen disease domains, 1001 patients 
were found. Using the 238 synonyms and MLMs, clinical data were retrieved 
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TABLE l 

RESULTS OF MAPPING ILIAD AND HELP VOCABULARIES 

No. of terms No. of additional Total No. of 
in the No. of exactly exactly matched terms terms matched 

Data classes in Iliad data class matched terms (%) using MLMS (%) in this study (%) 

Nursing data 9 0 (0) 0 
Blood bank 6 3 (50) 3 (50) 
Chemistry lab data 297 67 (22.5) 26 (8.8) 93 (31.3) 
Immunology lab data 168 16 (9.6) 11 (6.5) 27 (16.1) 
Hematology lab data 205 33 (16.1) I (0.5) 34 (16.6) 
Microbiology lab data 362 0 (0) 0 (0) 
Rheumatology lab data 8 0 (0) 0 (0) 
Pathology lab data 25 0 (0) 0 (0) 
Radiology 948 0 (0) 59 (6.2) 59 (6.2) 
EKG and halter monitor 124 13 (10.5) 13 (10.5) 
Pulmonary lab data 25 1 (4) 8 (32.0) 9 (36.0) 
Cardiac catheterization 53 0 (0) 0 (0) 
Nuclear medicine 12 0 (0) 0 (0) 
Skin test II 0 (0) 0 (0) 
Ob/Gyn lab data 26 0 (0) 0 (0) 
Ophthalmology 73 0 (0) 0 (0) 
Therapeutic proceduresb 
Diagnostic procedures b 

Frame titles b 

Medical historyb 
Physical examb 

Total 2352 133 (5.6) 105 (4.5) 238 (10.1) 

a Terms in these data classes were not mapped with MLMs. 
b The 3648 terms in these five data classes were excluded from the mapping. 

from the HELP central patient database for each of these patients. The number 
of clinical data items retrieved from HELP for the patients ranged from 0 to 
105. Patients without clinical data in the HELP patient database were outpa
tients. For each inpatient, only a subset of the 238 mapped data items were· 
retrieved for the following reasons. First, not all clinical data were necessary 
for each patient's care. Second, the HELP system does not routinely capture 
all findings defined in the PTXT. From the 1001 patients, the 50 patients with 
the most retrieved clinical data were selected for the retrospective study. The. 
number of clinical data retrieved for these 50 chosen patients ranged from 31 
to 105. The HELP clinical data for each patient were entered and saved indi vidu
ally in Iliad. In addition, clinical data from the chart-based medical records of 
the patients were also entered by a physician. 

Creating and Processing Test Cases 

To create a test case, the patient's principle discharge diagnosis must reach 
95% probability in the differential diagnosis that was generated by Iliad when 
the patient case was created. Two of the 50 patient cases were excluded in the 
retrospective study because the principle discharge diagnoses of these 2 cases 
did not reach this threshold. Therefore, only 96 rather than 100 Type I ailld 
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TABLE 2 

ILIAD'S ABILITY TO CONCLUDE THE WORKING HYPOTHESES FOR TEST CASES WITHOUT AND 
WITH HELP DATA 

Type I 
(without HELP Data) 

Complete 
Incomplete 

Complete 

30 
5 

Type II (with HELP Data) 

Incomplete 

1 
12 

Notes. Complete, Iliad able to conclude the working hypothesis; Incomplete, Iliad unable to 
conclude the working hypothesis. 

Type II test cases were created. These 96 test cases were processed by Iliad 
in the least cost mode. 

Table 2 shows Iliad's ability to conclude the working hypotheses for both 
types oftest cases. As mentioned earlier, the working hypotheses were patients' 
principle discharge diagnoses. For 30 of the 48 patient cases, both types of test 
cases were able to conclude the working hypotheses with 95% probability or 
above (complete). For 12 patient cases, both types were unable to conclude 
the working hypotheses (incomplete). This suggests that some patient cases 
may be too difficult for Iliad. The remaining 6 patient cases had one incomplete 
test case. The number of incomplete Type II test cases is slightly lower than 
the number of incomplete Type I test cases (13 vs 17). This is because in some 
patient cases the clinical data from HELP allowed Iliad to focus on the working 
hypotheses. On the contrary, if no clinical data were provided to Iliad at the 
beginning of the workup, or if the given clinical data were not pertinent to the 
working hypothesis, Iliad tended to ask more questions. The more questions 
Iliad asked, the more likely the answers to these questions could not be found 
in the patient's file. As a result, Iliad exhausted its questions and the workup 
remained incomplete. This explained why there were many incomplete test 
cases. 

Comparing Type I and Type II Test Cases 

To study the effect of providing HELP clinical data at the beginning of the 
Iliad workups, Type I (only chief complaint was provided) and Type II (chief 
complaint and HELP data were provided) test cases were compared. Tables 3, 
4, and 5 show this comparison in two categories. Category I is the total number 
of clinical data required to conclude the working hypotheses. Category II is the 
additional number of clinical data required to conclude the working hypotheses 
after the provided data were used. Only 30 of the 48 patient cases were reported 
in Table 3 because in 18 patient cases the workups of either Type I, Type II, 
or both Type I and Type II test cases were unable to conclude the working 
hypotheses (see Table 2). As the result, these 18 patient cases were discarded. 
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, 
TABLE 3 

Comparing the Results of Type I and Type II Test Cases 

Category II: No. of 
Category I: Total No. of additional clinical data 

clinical data required entered by a physician 
Patient case 

No. Type II Type I Type II Type I 

1 39 141 8 141 
3 111 57 36 57 
4 66 50 14 50 
5 88 64 60 64 
6 167 141 131 141 
9 140 84 70 84 

11 299 164 194 164 
13 148 68 52 68 
15 140 107 37 107 
16 118 39 16 39 
17 132 131 46 131 
19 153 57 53 57 
20 139 46 38 46 
21 176 114 73 114 
23 266 156 165 156 
28 104 139 65 139 
30 73 16 6 16 
32 80 37 17 37 
33 103 13 37 13 
34 140 76 75 76 
37 169 179 115 179 
40 162 183 126 183 
43 182 186 113 186 
44 123 68 65 68 
45 112 16 84 16 
46 228 169 188 169 
48 83 141 37 141 
50 84 43 50 43 
54 129 61 60 61 
55 125 110 78 110 

TABLE 4 

COMPARING THE MEANS, MEDIANS, AND RANGES OF TYPE I AND TYPE II TEST CASES IN 

CATEGORY I 

Type I 
Type II 

Mean 

95 
136 

Median 

80 
130 

Range 

13-186 
39-299 

t 
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TABLE 5 

CoMPARING THE MEANS, MEDIANS, AND RANGES OF TYPE I AND TYPE II TEST CASES IN 

CATEGORY II 

Type I 
Type II 

Mean 

95 
70 

Median 

80 
60 

Range 

13-186 
6-194 

Figure 1 shows that for 24 patient cases, Type II test cases were higher than 
Type I test cases for Category I. The mean of the total number of clinical data 
processed by Iliad in Type II test cases was greater than in Type I test cases 
by 41 (42.8%). It is important to realize that in this study, the transfer of data 
from HELP to Iliad was based on availability. In other words, instead of 
transferring the data elements that Iliad needed to make diagnoses, all available 
data elements in HELP patient database were transferred to Iliad. Hence, Iliad 
has received more data than necessary to generate the working hypotheses. 

To determine whether providing HELP data at the beginning of the workups 
reduced physician data entry, Type I and Type II test cases were compared in 
Category II. For 24 patient cases, Fig. 2 shows that Type II test cases required 
much less physician data entry than Type I test cases. However, the remaining 
6 patient cases: 11, 23, 33, 45, 46, and 50 (see Table 3) required more physician 
data entry in Type II test cases than Type I test cases. This phenomenon was 
due to the excessive clinical data transfer, from HELP to Iliad, which generate 
"noise" that misled Iliad during the inference process. Overall, the mean of 
additional data entered by the physician in Type II test cases was fewer than 
in Type I test cases by 25 (26.3%). In essence, by processing the HELP clinical 
data at the beginning of the workups, Iliad required fewer additional clinical data 
to conclude the working hypotheses than when no HELP data were provided. 
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FIG. l. Type II test case subtract Type I test case in Category I for all 30 patient cases. 
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FIG. 2. Type II test case subtract Type I test case in Category II for all 30 patient cases. 

The paired-t test was used to compare the means of Type I test cases and 
Type II test cases in the two categories. The differences in Category I and 
Category II were statistically significant (P = 0.002, P = 0.0056, respectively). 

DISCUSSION 

This research investigated two hypotheses: (i) intervocabulary mapping be
tween Iliad and HELP would enable Iliad to obtain patient data from HELP, 
and (ii) with HELP clinical data, Iliad reduced the manual data entry require
ments. The results reported here support these hypotheses. About 4% of Iliad 
terms have been mapped to HELP terms and MLMs. When Iliad obtained a 
portion of the required patient-specific data from the HELP clinical patient 
database, it requested 26% fewer additional data to conclude patients' principle 
discharge diagnoses. Consequently, as Iliad gains access to HELP's comprehen
sive clinical database, physicians may more readily use this diagnostic tool 
since it will require them to enter fewer data. 

Significance of This Research 

No single computerized medical system is capable of supporting the entire 
spectrum of medical knowledge. Consequently, hospitals or medical institutions 
commonly acquire different computer systems from different vendors to meet 
their information needs. Since information exchange among different computer 
systems can be difficult, this practice has created "islands of information" 
within institutions. For the past few years, both academic researchers and 
commercial vendors have advocated the "open architecture" concept (25, 26). 
The ultimate objective of an open architecture system is to facilitate the integra
tion of diverse computer systems to allow information exchange among these 
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systems. This r~se~rch was ~preliminary eff~rt to explore the problems and 
issues involved m tmplementmg an open architecture system. 

In addition, medical decision-support systems rely heavily on patient data 
to aid clinicians. Currently, none of the existing hospital/clinical information 
systems can capture all types.o~ clinical data .i~ ~sable formats. Expert sy~t~ms 
such as Iliad can be used as chmcal data acqulSltlon tools to augment the chmcal 
patient database of the HELP system. In addition to generating differential 
diagnoses, Iliad captures patient data entered by users, such as history and 

~. physical examination findings. These patient data can be transferred from Iliad 
! to HELP for use by clinical applications, such as generating discharge 

summaries. 

Limitation and Future Work 

As mentioned above, the way of transferring clinical data from HELP to 
Iliad in this study was not efficient. The future version of interface would 
provide Iliad with the capability of retrieving data directly from HELP as needed 
through a standard data exchange protocol such as the Health Level 7 (HL 7) 
during the process of making diagnosis. Physicians will need to enter data into 
Iliad only if the required data are not available from HELP. Such approach 
will eliminate unwanted data and minimize the noise phenomenon. As a result, 
the number of data entered by physicians may be further reduced. 

The intervocabulary mapping between Iliad and HELP was also a major 
determinant of the success of this study. However, various constraints and 
limited resources allowed only 4% of the Iliad terms to be mapped. In theory, 
the more synonyms of Iliad terms existing in the PTXT and the more MLMs 
created to map Iliad with PTXT, the more HELP clinical data will be transferable 
to Iliad. Thus, fewer additional patient data will required manual entry into 
Iliad for a consultation. 

The bottleneck of information exchange among diverse medical computerized 
clinical systems is the mapping of the disparate clinical vocabularies that reside 
in these systems. The medical community is not optimistic about the feasibility 
of having a single medical vocabulary. Despite the gradual progress of the 
Unified Medical Language System project, the problem of intervocabulary 
mapping is likely to remain unsolved in the near future. Based on the experience 
in this research, intervocabulary mapping mainly involves two issues. These 
are the feasibility of mapping all the terms in one vocabulary to another vocabu
lary, or vice versa, and the mapping technique. One approach that simultane
ously addresses both issues is developing standard clinical data models, such 
as the Event Definitions structure suggested by Huff (27). Although further 
research is necessary, the Event Definitions structure has demonstrated its 
potential in Fu' s work (28) as a standard clinical data model that will enable 
clinicians to describe clinical findings in a concise and more organized fashion. 
With standard Event Definitions, automatic mapping among controlled vocabu
laries will become feasible. 
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The intervocabulary mapping between Iliad and HELP also suggests that the 
clinical data elements in a standard clinical data model should be atomic when
ever possible. In essence, the granularity of the standard clinical data model 
should be as fine as possible. For instance, it is clear from this study that the 
atomic nature of the PTXT terms allowed MLMs to be created by assembling 
PTXT terms and decision logic to represent complex Iliad terms. 

CoNCLUSIONS 

This retrospective study revealed a statistically significant decrease in manual 
data entry requirements when HELP data were provided at the beginning of 
Iliad diagnostic workups. Hence, it may be feasible to interface stand-alone 
diagnostic expert systems with a hospital information system to minimize the 
manual data entry requirement of the expert systems. 
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