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Expanded definition of diagnostic test characteristics

    The accuracy of a diagnostic test consists of two general components:  the accuracy of classifying  patients with respect to their disease status (validity), and the degree to which repeated measures yield the same results (reliability).  However, regardless of how accurate or predictive a test may be, health policy and public health perspectives assert that a diagnostic test should only be performed if it leads to the use of interventions that, on average, are likely to improve patient outcomes or it prevents the use of interventions that are not likely to improve outcomes.50 

   Validation of a measure refers to comparison of that measure against the true value. Validity is the degree to which a test accurately measures what it is intended to measure. Technically, an error free comparison method (i.e., true gold standard) is required in order to directly measure validity.  For diagnostic tests, evaluation of the test against the “truth” allows the determination of how accurately the test classifies patients with and without disease.  The accuracy of classification can be expressed by first accounting for the results in a 2 x 2 table, Figure 1.  A true positive (TP) result (cell a) equals the number of individuals with a disease who test positive.  A false positive (FP) result (cell b) equals the number of individuals without a disease who test positive.  A false negative (FN) result (cell c) equals the number of individuals with a disease who test negative.  A true negative (TN) result (cell d) equals the number of individuals without a disease who test negative.  The number of patients who truly have the disease is given by a + c and the number who truly do not have disease is given by b + d. A true “gold standard” should be the definitive “truth” about the presence/absence of a condition or disease.  Since an error-free method is not always available, a comparison of a diagnostic test to an appropriate reference standard, which may not be error-free, is commonly done.  This referent method which is not always error free, may be better termed inter-method reliability51.  An appropriate reference standard should be able to correctly classify patients with respect to the presence and absence of disease and be reproducible.  However, variability in the test influences the ability to correctly classify patients according to disease status.   The reference standard for neuromonitoring studies is generally a change in neurological status from the preoperative status or the diagnosis of a new neurological injury or insult.  There are no standards on how these are measured and it is unlikely these methods are error-free; therefore, inter-method reliability is a more appropriate term for these assessments51.

     Sensitivity and specificity are the traditional measures of diagnostic tests used in validation to describe the accuracy of classification, Figure 2.  They do not, however, describe the probability that a patient actually has the disease if the test is positive or does not have it if the test is negative.   The sensitivity and specificity are not fixed properties of a test.  Instead, they reflect how the test performs among those with and without disease in a given population when administered in a specific manner.  Sensitivity and specificity may appear to vary across populations, but do not directly depend on the prevalence of the condition52.  

     When a true gold standard or appropriate reference standard is used, and the study population has a frequency of disease that approximates the frequency of disease in the population to which the results are to be applied (or the frequency of the disease in the population to which the test is to be applied is known), two additional measures of test accuracy can be used.  These are the predictive value of a positive test (PPV) and the predictive value of a negative test (NPV).  The PPV is defined as the percentage of patients with a positive intraoperative neuromonitoring test that have a postoperative neurological injury.   The NPV is defined as the percentage of patients with a negative  intraoperative neuromonitoring test that do NOT have a postoperative neurological injury.  The PPV and NPV estimates are only accurate and meaningful if the actual proportion of true positives in the relevant population is represented by (a + c)/n.  In other words, the actual prevalence of disease in the relevant population must be accurately estimated by the study population or it must be known for the population that is to be tested; otherwise, the predictive values are misleading50, 52.  If the test is done in a population with a very low frequency of disease, for example, the PPV is quite low, even if the sensitivity and specificity are high.  Like PPV and NPV, most estimates of “overall accuracy” as an estimate of test validity vary with the prevalence of the disease or condition and can frequently lead to a distorted impression of a test’s accuracy and validity
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     For intraoperative neuromonitoring, these calculations are based on a positive neuromonitoring test (i.e., positive intraoperative diagnosis) and a positive postoperative neurological deficit (i.e., positive for disease).  To our knowledge, none of these assessments that contribute to the diagnostic test characteristic calculations have been assessed for validity or reliability which should be considered when reviewing these findings.  

