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Given knowledge of a test's sensitivity and specificity, 
physicians may use Bayes' theorem to appropriately 
modify their initial assessment of the likelihood of dis
ease subsequent to obtaining a positive or negative test 

5)uppose that after complet ing a history and physical 
examination on a patient wi th chest pain you conclude 
that there is about a 25% chance that the patient has 
coronary artery disease. How would you modify this 
estimate once you learned that the patient had a posi
t ive exercise to lerance test? Your answer should 
depend upon your knowledge of the specificity and 
sensitivity of the stress test findings in diagnosing cor
onary artery disease. Your revised estimate wil l also 
depend upon the method you use to combine this 
information with your initial clinical impression (1). 

The eighteenth century English clergyman Thomas 
Bayes has provided us with a rational way of modifying 
our initial probabil ity (Pi) that a specific disease is pres
ent, subsequent to obtaining an abnormal test result 
(2). The revised probabil i ty (Pr) is related to Pi, test 
sensitivity (SENS), and test specificity (SPEC) by the 
fol lowing expression: 

Pr = 
(SENSXPi) 

(SENS)(Pi) -I- (100%-SPEC)(1-Pi) 

To use this formula we must recall that probabilities 
range from zero to one. An impossible event has zero 
probability. A certain event corresponds to a probability 
equal to one. The "25% chance" in the above example 
translates into Pi = 0.25. It is impossible to practice 
clinical medicine wi thout some aptitude for estimating 
probabilities. Clinicians make hundreds of decisions 
each day that require them to estimate the l ikel ihood of 
various diagnoses, the utility of diagnostic tests, and the 
risks and benefits of therapy. 

Test sensitivity and specificity define the "operat ing 
characteristics" of a test. They are commonly expressed 
as percents. "Test sensitivity" is defined as the like
l ihood that a patient wi l l have an abnormal (positive) 
result, given that he has a certain disease. "Test speci
f ic i ty," on the other hand, is the l ikel ihood of a normal 
(negative) result, given that he does not have the dis
ease (3). A positive b lood culture, for example, is a 
sensitive but not a specific test for bacterial endo
carditis. Stool examination for ova and parasites, on the 

result. A graphical representation of Bayes' theorem 
was constructed in order to provide a simple tool to aid 
in the selection and interpretation of diagnostic tests. 

other hand, offers high specificity but low sensitivity in 
evaluating possible giardiasis, A procedure with both 
high sensitivity and high specificity is illustrated by bone 
marrow biopsy in cases of iron deficiency. 

Returning to the above example, if we accept values of 
80% and 74%, respectively, for the sensitivity and speci
ficity of exercise testing in diagnosing coronary artery 
disease, then Pr is calculated to be 0.51 (3). In this case, 
exercise testing was not helpful in making or excluding 
the diagnosis of coronary artery disease. Had this cal
culation been made prior to order ing the stress test, the 
test might never have been ordered. 

As an alternative to performing the above calculation, 
the Figure provides a rapid graphical method of cal
culating Pr, given Pi, SPEC, and SENS. It also provides a 
last refuge for those physicians who want to practice 
good medicine wi thout walk ing around wi th a cal
culator on their belts. The first step is to locate Pi on the 
vertical axis. Next, locate the point in the square entitled 
"specif ic i ty" that is directly to the right of Pi and lies on 
the curve labeled with SPEC. Now locate the point in the 
square entit led "sensit ivi ty" that is directly below this 
last point and that lies on the curve labeled with SENS. 
Pr can be read off the vertical axis by f inding the value I 
directiy to the right of this last point. Interpolation is l 
required if SPEC or SENS do not lie on one of the 
constructed curves. 

In the present example, Pr is also referred to as the 
"posit ive predictive value" of the test. It is the prob
ability of disease, given a positive test result. The Figure 
can also be used to determine the "negative predictive 
value" ; that is, it can be used to calculate the probability 
that the disease is absent, given a negative test result. 
This is accomplished by lett ing Pi represent our initial 
probabil ity that disease is absent and then by repeating 
the above procedure with the exception that the values 
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for sensitivity and specificity are interchanged. In the 
case of the patient wi th chest pain: Pi = 0.75, SPEC = 
S0%, and SENS = 74%. The negative predictive value is 
found to be about 0.92. 

e 
Figure 

Graphic expression of Bayes' theorem. 

As a second example, consider the value of measuring 
the acid phosphatase level in a patient wi th a prostatic 
nodule. The l ikel ihood of prostatic carcinoma in an 
asymptomatic patient wi th a prostatic nodule is about 
50%; that is. Pi = 0.5 (4). The sensitivity and specificity 
of an elevation in acid phosphatase in identi fying pros
tate cancer have been judged to be 70% and 94%, 
respectively (5,6). Referring to the Figure, we f ind the 
positive predictive value to be about 0.92 and the nega
tive predictive value to be about 0.76. In this setting, 
serum acid phosphatase values provide a substantial 
amount of information but probably not enough infor
mation to circumvent the need for biopsy. On the other 

hand, if the initial biopsy is negative, the acid phos
phatase level might dictate whether or not a repeat 
biopsy need be performed (5,6). 

It should be clear that a Bayesian approach cannot 
transform medical decision making into a "cookbook" 
discipl ine. Determination of Pi, SENS, and SPEC all 
require clinical judgment. At the present t ime, infor
mation pertaining to test sensitivity and specificity is 
frequently diff icult to obtain or simply does not exist. 
Even when these values are available, they should not 
be accepted uncritically. Most medical tests yield a 
result that lies on a cont inuum, and consequently, sen
sitivity and specificity are influenced by the criteria 
selected to define normal and abnormal results. More
over, a given patient is not likely to be a part of the same 
" n o r m a l " or "d iseased" populat ion used to define 
these parameters (7). For example, a textbook value for 
the specificity of a reactive VDRL in identifying syphilis 
is of little help in a patient wi th systemic lupus. Another 
diff iculty lies in the fact that the specificity and sen
sitivity of a study are often dependent upon the indi
vidual performing the test or interpreting the results. 
Finally, tests are frequently improved or superseded by 
better studies before their operating characteristics are 
well def ined. 

Recognizing that our initial clinical impression as well as 
our estimates of a test's operating characteristics are 
largely subjective items of in format ion, our revised 
(post-test) estimate of the l ikel ihood of disease wil l 
further depend upon the method we select to integrate 
this subjective information. Two options are available 
for this integrative process: intui t ion and reason. For 
those who prefer the latter alternative, it is hoped that 
this graphical representation of Bayes' theorem wil l 
provide a useful addition to your lab coat pockets. 

References 
Balla Jl, lansek R, Elstein A. Bayesian diagnosis in presence of 
pre-existing disease. Lancet 1985;1:326-9. 

Vecchio TJ. Predictive value of a single diagnostic test in un
selected populations. N Engl J Med 1966;274:1171-3. 

Griner PF, Mayewski RJ, Mushlin Al, Greenland P. Selection and 
interpretation of diagnostic tests and procedures. Ann Intern 
Med 1981;94:553-600. 

Catalona WJ, Scott WW. Carcinoma of the prostate. In: Harrison 
H, Cities R, Pedmutter A, Stamey T, Walsh P, eds. Campbell's 
urology. 4th ed. Philadelphia: WB Saunders, 1979:1085-124. 

Watson RA, Tang DB. The predictive value of prostatic acid 
phosphatase as a screening test for prostatic cancer. N Engl J Med 
1980;303:497-9. 

DiPaolo CJ, Rival J. Acid phosphatase: Clinical utility of the first 
tumor marker. Henry Ford Hosp Med J 1982;30:70-6. 

Gottfried EL, Wagar EA. Laboratory testing: A practical guide. DM 
1983;29(11):1-41. 

35 


	A Graphical Aid to Medical Decision Making
	Recommended Citation

	VOL 33, NO 1, 1985

