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oped for internal medicine. Quick Medical Reference (QMR) is one such program.
The authors describe key features of QMR and report on their study of its effective-

ness as a diagnostic tool. They investigated how frequently the correct diagnosis This article has been peer reviewed.
would appear among the 5 highest ranked diagnoses generated by QMR. The
charts of 1144 consecutive patients admitted to a teaching unit were retrospec- CMAJ 1999;161(6):725-8

tively screened. Eligible cases included those referred for investigation of an undi-
agnosed illness with an objectively proven final diagnosis (n = 154). Two physi-
cians familiar with, but not experts in, the use of QMR entered clinical information
abstracted from the patients’ charts into the program. Physician A obtained the cor-
rect diagnosis in 62 (40%) of the 154 cases, and physician B was successful in 56
(36%) of the cases. The authors use study cases to illustrate QMR’s strengths and
weaknesses.

ithin the practice of internal medicine the diagnosis of disease remains
s ; ‘ / the cornerstone of therapeutics and management. Can computer tech-
nology mimic the clinician’s integration of clinical information to for-
mulate a differential diagnosis? A number of computer-based systems with diagnos-
tic capabilities have been developed for internal medicine. Examples include
Dxplain, Iliad, Meditel and Quick Medical Reference (QMR). These programs
vary with respect to the size of their clinical databases, but all can process entered
data into lists of diagnostic possibilities using algorithms. For example, Iliad and
Meditel are based on Bayes’ theorem; that is, they consider the pretest probability
of disease and, by assigning test characteristics (sensitivity and specificity), a post-
test probability of disease is estimated. Dxplain and QMR use non-Bayesian algo-
rithms that focus on the associations between case findings (signs, symptoms, labo-
ratory data) and individual diseases to derive a weighted assessment of a patient’s
clinical presentation.

Diagnostic programs may achieve a level of sophistication that influences physi-
cian behaviour. Therefore, evaluation of this technology is important.” In this arti-
cle we review the QMR and present our findings of a study evaluating its effective-
ness as a clinical diagnostic tool. We also examine how the software functions when
challenged with cases of varying clinical complexity.

What can QMR do?

QMR is 2 multfaceted computer program for internal medicine.”" It can gener-
ate a differential diagnosis from clinical information entered into its program, offer
information on over 600 diseases, describe associated disorders and complications
of diseases, offer strategies to confirm or exclude disorders, and provide simulated
cases for educational purposes.

Differential diagnoses

When provided with clinical information, QMR will generate a list of potential
diagnoses. Each is given a weighted score based on the number of diseases in the set
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(the more diseases, the lower the score), the strength of the
association between individual diseases or between individ-
ual diseases and case findings, and the relative prevalence of
the disease. The diagnosis with the highest weighted score
is the most likely one. In general, diseases with scores under
60 are less likely to represent an accurate diagnosis.

For example, when seeking the differential diagnosis in a
case, a clinician might enter the following information: fe-
male, age 30 years, arthralgia, fever, chest pain exacerbated
with breathing, malar rash, weight loss, splenomegaly,
thrombocytopenia, moderately elevated creatinine level,
gross hematuria and a positive antinuclear antibody reac-
tion. The program generates a list of 38 possible diagnoses,
with the 5 most likely ones and their weighted scores in
parentheses as follows: systemic lupus erythematosus (214),
hemolytic uremic syndrome (208), acute interstitial nephri-
tis (189), non-Hodgkin’s lymphoma (185) and Goodpas-
ture’s syndrome (184).

Critiques

QMR can critique any generated diagnosis by highlight-
ing all the findings consistent or inconsistent with the diag-
nosis. It can offer suggestions for further questions to con-
firm or exclude the diagnosis, or it can suggest potentially
interesting, related diagnoses.

In the example described in the preceding section,
QMR suggests that all but the findings of gross hematuria
and moderately increased creatinine level are consistent
with the diagnosis of systemic lupus erythematosus. It also
suggests that laboratory testing for anti-double-stranded
DNA, complement levels and anticardiolipin antibody may
help to confirm the diagnosis. Lupus nephritis is suggested
as a related diagnosis.

Disease information

QMR offers information on over 600 diseases. Many
tools are available to use the data, including a disease profile
database in which QMR offers disease-specific case findings,
a differential diagnosis index, a disease-association database
and a library of suggestions to confirm or exclude diagnoses.

Again, in the example mentioned earlier, the disease
profile for systemic lupus erythematosus includes classic
history, and physical and laboratory data. The QMR differ-
ential diagnosis includes rheumatoid arthritis, Lyme dis-
ease, polymyalgia rheumatica and progressive systemic
sclerosis, and the associated disorders given are lupus
nephritis and cerebritis.

Evaluation of QMR’s effectiveness

We studied the effectiveness of QMR (version 2.2.2
[1994 update]; University of Pittsburgh, Camdat Corpora-
tion and The Hearst Corporation; 1993) as a diagnostic
tool. Our primary objective was to determine how often
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the correct diagnosis would appear among the 5 highest
ranked diagnoses generated by QMR when the program
was provided with clinical and laboratory information avail-
able to a general internist at the time of referral for investi-
gation of an undiagnosed illness.

Methods

The study was carried out during 1995/96 and was ap-
proved by the Conjoint Research Ethics Board of the Uni-
versity of Calgary. The study population included patients
admitted to a medical teaching unit in a tertiary care hospi-
tal (Foothills Hospital) from 1991-1993. Cases were eligi-
ble if the patient was admitted for the investigation of an
undiagnosed illness that began within 6 months of presen-
tation and for which a definitive diagnosis was confirmed.

Two of us (J.B.L. and J.P.S.) abstracted clinical informa-
tion from the patients’ charts. Clinical impressions noted by
the admitting physicians were censored. Two others (L.A.M.
and M.D.A.) who had no involvement with the program’s
inception or development were designated as non-expert
users (physicians A and B). They reviewed the cases and en-
tered findings into the QMR program. They worked inde-
pendently and were blinded to the final diagnosis. The dif-
ferential diagnoses generated by the QMR (in order of
diagnostic likelihood) was compared with the final diagnosis.

Results

A total of 154 eligible cases were identified from 1144
consecutive cases reviewed. The mean age was 57.7 years
(range 14-92 years), and 79 were males. Table 1 summa-
rizes the diagnoses by disease category and their presence in
the software knowledge base (QMR-KB). The correct diag-
nosis was present in the QMR-KB in 137 (89%) of the 154
cases. A number of diagnoses occurred more than once; for
example, there were 12 cases of pulmonary thromboem-
bolism. Of the 73 individual diagnoses observed in this
study, 57 (78%) were present in the QMR-KB.

Using QMR physician A obtained the correct diagnosis in
62 (40%) of the 154 cases (95% confidence interval [CI]
32%-48%), and physician B was successful in 56 (36%) of
the cases (95% CI 29%-45%); the difference was not signifi-
cant (p = 0.43). When only the 137 cases whose correct diag-
nosis was in the QMR-KB were considered, the rate of diag-
nostic success increased to 45% (95% CI 37%-54%) for
physician A and 41% (95% CI 33%—50%) for physician B.

The following are samples of the cases used in the study
that illustrate the program’s function.

Rare disease: A 75-year-old man presented with a fluctu-
ant chest-wall mass, cough, fever, chest pain, dyspnea and
hoarseness. He had leukocytosis and anemia, and a chest
radiograph showed a pleural mass, nodules and hilar densi-
ties. QMR ranked the correct diagnosis of thoracic actino-
mycosis as the highest in the differental diagnosis, with a
weighted score of 303. The other possible diagnoses (listed



in descending order of likelihood) were pulmonary lym-
phoma, Wegener’s granulomatosis, squamous cell cancer
of the lung, lymphomatoid granulomatosis, pulmonary no-
cardiosis and a pleural malignant mesothelioma.

Nonspecific presentation: A 42-year-old woman presented
with a 10-day history of nausea, myalgia, fever and chills,
headache, pain in the lower abdominal region and anorexia.
She had hepatomegaly, leukocytosis, mild anemia and a
tender abdomen. The QMR generated a differential list
of over 200 diagnoses, with the correct diagnosis, tubo-
ovarian abscess, listed as number 156.

Classic presentation: In the case of systemic lupus erythe-
matosus described earlier in the article, the woman had a
classic presentation and the QMR agreed. An experienced
internist would probably not seek help with the diagnosis
in such a case, whereas a medical student might do so.

Disease not in QMR knowledge base: A 45-year-old woman

Quick Medical Reference

with a remote history of systemic lupus erythematosus pre-
sented with a thickened erythematous rash over both shins.
Biopsy confirmed lupus panniculitis. At the time of our
study this diagnosis was not in the QMR knowledge base.
Cuse with comorbidity: A 54-year-old man with multiple
complications of diabetes mellitus presented with a 3-day
history of arthritis, fever, night sweats and progressive ob-
tundation. The QMR generated a list of 85 possible diag-
noses, none of which was the correct one (Staphylococcus au-
reus bacteremia and septic arthritis). In this case, the
computer seemed confused by the multiple but nonspecific
presenting complaints, whereas in reality a clinician would
immediately recognize the signs of systemic infection.

Interpretation

Is QMR an effective diagnostic tool? QMR suggested

Table 1: Summary of cases used to evaluate the Quick Medical Reference (QMR) as a diagnostic tool, by disease category

Total no. No. (and %) of cases in

Disease of cases QMR knowledge base

category n=154 n=137 Diagnoses*

Pulmonary 33 33 (100) Pulmonary embolism (12), bacterial pneumonia (10), empyema (3),
Pneumocystis carinii pneumonia (3), non-small-cell bronchogenic
carcinoma (2), small-cell carcinoma (2), pulmonary abscess

Renal 19 19 (100) Gram-negative urosepsis and bacteremia (10), pyelonephritis (2),
renal cell carcinoma (2), diffuse proliferative glomerulonephritis,
membranous glomerulonephritis, renal abscess, renal artery
stenosis, ureteric stone

Systemic 18 13 (72) Bacteremia (3), sarcoidosis (3), systemic lupus erythematosus (2),
chronic salicylate toxicity (2), cytomegalovirus, lupus panniculitis,
malaria, Parvovirus, polymyositis, soft-tissue abscess, tuberculous
polyserositis, Wegener’s granulomatosis

Cardiovascular 17 16 (94) Bacterial endocarditis (5), acute ischemic heart disease (3),
congestive heart failure secondary to dilated cardiomyopathy (3),
malignant pericardial effusion (2), pericarditis (2), complete heart
block, mediastinal abscess

Vascular 13 11 (85) Deep vein thrombosis (11), arterial thromboembolism to limb,
extrinsic compression of iliac vein

Hematologic 12 12 (100) Secondary anemia (5), lymphoma (2), myeloma (2), immune
thrombocytopenia (2), chronic lymphocytic leukemia

Gastrointestinal 9 6 (67) Adenocarcinoma of colon (2), esophagitis, Giardia lamblia
diarrhea, pancreatic abscess, pancreatitis, squamous cell
carcinoma of upper gastrointestinal tract, tracheoesophageal
fistula, vasculitis of gastrointestinal tract

Neurologic 9 9 (100) Ischemic stroke (3), hemorrhagic stroke (2), bacterial meningitis,
Creutzfeldt-Jakob disease, secondary neoplasm of cerebrum,
toxoplasmosis of cerebrum

Hepatic 6 5 (83) Adenocarcinoma with metastases to liver, ascending cholangitis,
hepatic artery aneurysm, hepatic abscess, hepatitis B, papillary
stenosis

Joint 6 5 (83) Septic arthritis (5), septic pretibial bursitis

Endocrine 4 4 (100) Addisonian crisis (2), Grave’s disease (2)

Gynecologic 2 1 (50) Pelvic abscess (space of Retzius), tubo-ovarian abscess

Infectious lymphadenopathy 2 2 (100) Infectious mononucleosis (2)

Metabolic 2 1 (50 Diabetic ketoacidosis, hypomagnesemia

Male reproductive 1 0 Testicular abscess

Dermatologic 1 0 Bullous pemphigoid

*Diagnoses in bold represent those not present in the QMR knowledge base at the time of the study.
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the correct diagnosis as one of the 5 highest ranked diag-
noses in 36%-40% of the cases. We felt that QMR had
limited effectiveness as a diagnostic tool in this setting. Af-
ter excluding cases absent from the knowledge base,
QMR’s success rate improved to 41%-45%. Expansion of
the knowledge base will improve the program’s diagnostic
success rate."” Our success rate was comparable to that in a
study by Berner and colleagues,” in which the correct diag-
nosis was among the 5 highest ranked diagnoses generated
by QMR in 35% of cases.

The correct diagnosis was ranked highest in 23% of the
cases in our study and was listed at any rank in 65%. Over
150 diagnoses were suggested in some cases. We felt that a
differential of 5 diagnoses is a practical number for a clini-
cian to investigate. A review of 150 diagnoses may lead to
new diagnostic impressions, but it may also lead to exces-
sive investigations.

Expert systems are designed to help clinicians with diag-
nostic problems. Cases that may not be diagnostically chal-
lenging to some physicians were not excluded from our
study. QMR’s diagnostic success rate was low for rare dis-
eases, primarily because of their absence from the knowl-
edge base. A number of study cases had comorbidities. This
created a special challenge for the program, and inclusion
of these cases may have negatively biased the diagnostic
success of QMR.

Common diseases were well represented in our case se-
ries. This may have had a favourable impact on the diagnos-
tic success of QMR in our study for a number of reasons, in-
cluding well-developed diagnostic algorithms and improved
ability of clinicians to document common conditions.

Another bias in our study may have arisen from the
quality and amount of diagnostic information entered into
the program. The diagnostic success will be improved
when the specificity of the diagnostic information is high.
In a study by Caratozzolo," the correct diagnosis was
among the 5 highest ranked diagnoses generated by QMR
in 93% of 27 clinical pathological cases published in the
New England Journal of Medicine when all the final informa-
tion about the case, including history, findings on physical
examination and results of routine laboratory tests and in-
vestigations were entered into the computer. In our study
the clinical information used was limited to that available to
the consultant at the time of the initial referral, which
would explain why our rate of diagnostic success was lower.
Clinicians require assistance with a differential diagnosis
early on and are not likely to enlist computer aid once the
diagnosis is clear.

QMR is capable of further interactions with the user.
The clinician may ask the program to offer criteria used to
include or exclude a diagnosis, to present profiles about the
diagnostic possibilities or to suggest appropriate investiga-
tons. Further studies are needed to determine whether the
use of QMR in an iterative fashion will improve its effec-
tiveness as a clinical tool. QMR’s educational value has also
been studied." In a recent study of QMR as a teaching
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tool, Ikechukwu and colleagues” found that although the di-
agnostic accuracy of interns and chief residents was greater
than that of QMR, the program increased their understand-

ing of disease processes and offered educational value.
Conclusion

We felt that QMR had limited effectiveness as a diag-
nostic tool in our study setting. Computer technology is
now an integral part of the practice of medicine. It is im-
portant to evaluate critically the role of this technology in
patient care. Expert diagnostic systems are rapidly evolving,
and re-assessment of these technologies will provide excit-
ing prospects for future research.
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