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The Dynamic Nature of Sensitivity 

THE INFORMATION GAINED from labora tory  tests can  
reduce  diagnostic uncertainty,  but properly inter- 
preting the results can  be  difficult. | Bayes ian  ana ly-  
sis is a popular  quanti tat ive method used to deter- 
mine the probability of d isease  given a positive or 
negat ive  result (the predictive value). This is calcu- 
lated from the sensitivity and  specificity of the labo- 
ratory test and  probabili ty of d isease  before testing. 2 
It is well recognized that the predictive value  will 
va ry  in different clinical situations according to 
changes  in the prior probabili ty of disease.  What is 
often not apprec ia ted  is that the sensitivity and  spec- 
ificity a re  also dynamic  parameters .  

Traditionally, at a given prior probability of dis- 
e a s e  a nd  cut-off point used to define a "positive" test 
result, the sensitivity and  specificity have  been  
v iewed as  constant  properties of a labora tory  test. 3 
However,  the clinical a ccu racy  of a labora tory  test 
(expressed as sensitivity and  specificity or likelihood 
ratio) is not a n  intrinsic property but depends  on the 
population tested. The severity of illness among  the 
sample  of patients with d isease  and  the spectrum of 
people  conta ined in the non-d iseased  sample  can  
great ly  influence the sensitivity and  specificity. 4 In 
general ,  it is eas ier  for a laboratory  test to detect  
a d v a n c e d  d isease  than mild d isease  (the sensitiv- 
ity). Likewise, a labora tory  test m a y  more readily 
distinguish d i seased  people  from normals than from 
non-d i seased  people  who have  clinical features 
similar to those of the d isease  (the specificity). Unfor- 
tunately only the "fixed" sensitivities and  specifici- 
ties a re  often used in quantitat ive clinical decision 
models. This m a y  lead  to gross errors in calculating 
the predictive value. 

With a d v a n c e d  or severe  disease,  labora tory  
tests a re  more likely to be  positive. This increases  
the number  of true positive test results, l ead ing  
to an  increase  in the sensitivity of the labora tory  test 
(~ true positives - T true positives + ~ false negat ives  
= 1' sensitivity). The likelihood ratio, a function of 
the sensitivity and  specificity, will increase  as  well 
(T sensitivity ÷ 1 -- specificity = ~' likelihood ratio). 

Severa l  studies have  documented  the phenom- 
enon  of shifting sensitivity. Hlatky et al. 5 showed that 
the exercise e lec t rocardiogram is better at detect ing 
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severe  coronary  ar tery  d isease  than mild disease.  
At a fixed prior probability of disease,  using the 
same  interpretation criteria, the sensitivity in- 
c r ea sed  with the extent of coronary  ar tery  d isease  
(sensitivity 47.9% for one-vessel  d i sease  and  84.7% 
for three-vessel  disease).  This change  in sensitivity, 
if ignored, could result in inaccura te  interpretation 
and  ineffective use. The test may  be  of little value  
when  trying to "rule out" coronary  ar tery  d isease  
b e c a u s e  of its inability to detect  mild disease.  If, for 
example,  the exercise e lec t rocardiogram is used to 
eva lua te  a 45-year-old m a n  who has  atypical  chest 
pain with a p resumed  prior probabili ty of coronary  
ar tery  d isease  of 30% and  a test specificity of 80%, a 
negat ive  test result effectively "rules out" three-ves-  
sel d i sease  but does not exclude the possibility of 
symptomatic single-vessel coronary  ar tery  d isease  
(with negat ive  predictive values for three- and  sin- 
gle-vessel  d i sease  of 94% and  78%, respectively). 

Similarly, Fletcher demons t ra ted  that the sensi- 
tivity of the carc inoembryonic  ant igen (CEA) test to 
detect  colonic ca rc inoma increases  with advanc ing  
s tages  of d i sease  at al l levels  of specificity. 6 The CEA 
test is the least  sensitive in detecting colonic carci- 
noma  at its ear ly  s tages  when  the rapy  is most effec- 
tive, and  is therefore of little diagnostic value. 

The specificity of a labora tory  test also varies  
depend ing  upon the clinical situation in which it is 
being used. The specificity of a labora tory  test used 
to distinguish d isease  from normal  m a y  be  distinctly 
different than  that when  the test is used  to differen- 
tiate d isease  from rela ted conditions (i.e., d iseases  
affecting the same  o rgan  system or with similar clin- 
ical manifestations). People  who h a v e  other condi- 
tions that resemble  the d i sease  in question m a y  be 
more likely to h a v e  false-positive test results than 
heal thy  people.  This increase  in the number  of false- 
positive results causes  a decline in specificity (true 
negat ives  -- true negat ives  + ~ false positives---- 

specificity). 
An example  of the changing  specificity can  be 

seen  when interpreting the results of ant inuclear  an-  
tibody tests. The ant inuclear  ant ibody test known as  
"SS B" is thought to be  characterist ic of Sj~Sgren's 
syndrome.  7 The false-positive rate among  heal thy  
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people  is less than 1%, while the rate among  patients 
with other connect ive tissue disorders such as  sys- 
temic lupus ery thematosus  is 15%. s Thus, the speci- 
ficity r anges  from 99% to 85% depend ing  on the pop- 
ulation tested. With a prior probability of Sj6gren's 
syndrome of 10%, using the SS B ant inuclear  anti- 
body  test to differentiate Sj6gren's syndrome from 
normal, the positive predictive value is 86.1%. How- 
ever, with the same  prior probability of disease,  
using the test to distinguish Sj6gren's syndrome from 
other connect ive tissue disorders the positive pre- 
dictive value  is only 30.8%, a difference of more than  
50%. 

Rozanski et al. ~ de termined  the specificity of ex- 
ercise radionuclide ventr iculography during two 
different time periods at a single institution and  doc- 
umented  a profound d e c r e a s e  in specificity from 86% 
to 21%. The test technique, personnel  and  interpre- 
tation criteria did not change .  Initially, the non-dis- 
e a s e d  group of patients had  a very  low pretest prob- 
ability of coronary  ar tery  disease,  with few 
false-positive studies, giving a high specificity. In 
time, the test was  used primarily in individuals who 
h a d  clinical features suggest ing coronary  ar tery  
disease,  increasing the number  of false-positive re- 
sults. This c h a n g e  in the population being tested ac- 
counted for the temporal  decline in specificity. 

The sensitivity and  specificity of a new labora-  
tory test a re  typically first eva lua ted  by  compar ing  
populations ne a r  the two extremes of a response  
spectrum; a population of patients with definite, se- 
ve re  disease,  a nd  a normal  population that includes 
heal thy  v o l u n t e e r s - - t h e  "sickest of sick" versus the 
"wellest of well. ''9 Though the results m a y  be  inter- 
nally valid, they tend to overest imate  the perform- 
ance  of the test as  it is actual ly used in clinical prac-  
tice. Ideally the spectrum of sensitivities and  
specificities should be  de termined by  examining the 
results from various well-defined groups of d i seased  
and  non-d iseased  people.  The appropr ia te  compar-  
ison group depends  on the reason  for obtaining the 
test. For the purpose of diagnosis, the compar ison 
group would be patients present ing with complaints 

similar to the d isease  in question; for screening, it 
would be the asymptomat ic  population-at-large; for 
monitoring the course of disease,  it would be  other 
people  with the disease.  Unfortunately, few labora-  
tory tests undergo  such thorough evaluation.  

Clinicians need  to be  a w a r e  that the perform- 
ance  of a test c an  vary  significantly depend ing  on 
how the test is used as a result of changes  in sensitiv- 
ity and  specificity, irrespective of the cut-off point or 
prior probabili ty of disease.  In general ,  sensitivity 
tends to increase  as the s tage  or severity of illness in 
the d i seased  group increases.  The specificity of a 
labora tory  test diminishes as the clinical features of 
the populations with and  without the d i sease  in 
question become  more similar. Failure to apprec ia te  
this possible variat ion in test pe r fo rmance  can  sub- 
stantially limit the precision, accuracy,  and  useful- 
ness of quantitat ive methods of labora tory  
interpretation. - -  Richard P. Lofgren, MD, Section of 
General Internal Medicine, Department of Medi- 
cine, University of Minnesota; Minneapolis VA Med- 
ical Center, Minneapolis, MN. 
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Bon Voyage to David Siscovick and 

AS WE SEND VOLUME 2, Issue 6 off to press, we bid 
farewell  to two of our associa te  editors, David Sisco- 
vick and  Michael O'Malley. They a re  leaving their 
UNC posts to pursue the next phases  of their respec-  
tive careers .  Over  the first two and  a half years  of the 
JOURNAL, David a nd  Michael h a v e  b e e n  enormously 
he lp fu l - - to  the editors, to m a n y  authors whose  sub- 
missions were  e n h a n c e d  by  their careful work, and  

Michael O'Malley 

most of all, to the JOURNAL, which has  shone more 
brightly because  of all their polishing and  ideas. 

Most people  who contribute to causes  do so oc- 
casionally, but these two g a v e  of their time almost 
daily. All SGIM members  and  JGIM subscribers owe 
them a vote of thanks. Here in the Editorial Office we 
miss them a l ready.  Bon v o y a g e . -  The Editors 


