Clinical Epidemiology 2014
Chapter 5 Homework

Biases of studies of test accuracy
Write out (your own) answers to problems 5.1 and 5.2 in the text, and to additional problems 5.12, 5.15 and 5.16 below:
5.12.  Findings Suggestive of Meningitis in Children

Although vaccination has significantly reduced its incidence, the possibility of meningitis (an infection of the area around the brain) remains scary for clinicians seeing young children with fevers.   Recently Israeli investigators reported on the diagnostic accuracy of clinical symptoms and signs of meningitis in children.(1) They enrolled 108 patients 2 months to 16 years old who underwent lumbar puncture for suspected meningitis and correlated signs and symptoms with the diagnosis of meningitis, "defined as a white blood cell count of 6 or higher per microliter of cerebrospinal fluid (CSF)."

Simplified excerpt from the abstract: 

"RESULTS: Meningitis was diagnosed in 58 patients (53.7%; 6 bacterial and 52 aseptic)… Photophobia [pain or discomfort from bright light] was highly specific (88%) but had low sensitivity (28%). Clinical examination revealed nuchal rigidity (stiff neck) in 65% of the patients with meningitis and in 33% of the patients without meningitis."
These are disappointing results for some of the main symptoms and signs we use to decide whether to do a lumbar puncture.  (For those without a medical background, bacterial meningitis is usually much more severe than aseptic (viral) meningitis, and CSF white blood cell counts with meningitis are typically much higher than 6 per microliter.) 


A.) Which of the following could be explanations for the results?  Explain your answers.

i. The low sensitivity of the findings could be due to partial verification bias, because only subjects who received a lumbar puncture were included in the study.
ii. The higher specificity of photophobia could be due to partial verification bias, if clinicians deciding to do a lumbar puncture were particularly influenced to do so if this finding was present.


iii. The low sensitivity of these tests could be due to spectrum bias: sensitivity probably would have been higher if more of the meningitis group had bacterial meningitis.
iv. The low specificity of these tests could be due to spectrum bias: specificity probably would have been higher if more of the meningitis group had bacterial meningitis.

B.  Perhaps their threshold for diagnosing meningitis was too low.  Suppose they raised the cutoff for the gold standard for diagnosing meningitis from 6 to 20 WBC/ microliter.

i. How would you expect this to affect the sensitivity of stiff neck as test for meningitis?

ii.  How would you expect this to affect the specificity? 


5-15.   Wall Motion Abnormalities as a Test for Myocardial Ischemia

Emergency department (ED) physicians are now being trained in point-of-care ultrasound.  Consider a study of the ED ultrasound of the heart (echocardiogram) as a test for acute cardiac ischemia (heart not getting enough blood).  The index test is a yes/no reading of regional wall motion abnormalities by the performing clinician.  The gold standard is the final ED/hospital diagnosis of cardiac ischemia.(2)  The test result and the final ED/hospital diagnosis were recorded as part of clinical care and abstracted for the study by trained reviewers.  All patients who received an ED echocardiogram were included in the study, regardless of whether they were hospitalized.  If the patient was discharged home from the ED, the final diagnosis was the diagnosis assigned on the basis of the ED evaluation.

a. This study’s estimates of the sensitivity and specificity were probably biased because the final diagnosis of cardiac ischemia was based in part on the result of the echocardiogram.  What is the name of this bias? 

b. How would this bias sensitivity (relative to a study in which the echocardiogram result was withheld from the clinicians)?

c. How would this bias specificity (relative to a study in which the echocardiogram result was withheld from the clinicians)?
5-16. Elbow Extension Test for Elbow Fracture (with thanks to Matt Hickey)

Appelboam et al.(3) studied the elbow extension test (inability to fully straighten the elbow) as a predictor of elbow fracture in 960 adult ED patients.  All 647 patients who had a positive test (unable to extend fully) received an x-ray (gold standard #1), but only 58 of the 313 patients with a negative test received an x-ray, of whom 2/58 = 3.5% showed fractures.  The remaining 255 received clinical follow up for subsequent elbow problems (gold standard #2).  Only 3/255 = 1.2% had problems on follow up.   

a) Of the 647 patients with inability to fully extend the elbow (a positive test), 311 (48.1%) showed an elbow fracture.  This 48.1% represents which index (Sensitivity, Specificity, Positive Predictive Value, Negative Predictive Value, etc.) of test accuracy?
b) As above, of the 313 patients who had a negative elbow extension test, 2 had a positive x-ray, and 3 had problems on clinical follow-up and should be interpreted as false negatives.  Assuming that x-rays and clinical follow-up always give the same answer, what is the negative predictive value (NPV) of the elbow extension test?
c) Again, assuming that x-rays and clinical follow-up always give the same answer, create a 2x2 table using the numbers from part b above, and calculate sensitivity and specificity.
d) Now re-create the 2x2 table in (c) above but assume that the rate of x-ray positivity among those with normal elbow extension who did not receive x-rays would have been the same as among those who did.  Under this assumption, 9 of the 255 patients receiving clinical follow-up would have had positive x-rays had all patients in the study received an x-ray as a single gold standard.  Combined with the 2 patients with positive x-rays from amongst the 58 who actually received an x-ray, there would be a total of 11 patients with normal elbow extension and a positive x-ray.  Calculate sensitivity, specificity, PPV, and NPV.





e) Under the assumption of Part (d) that 6 patients with negative index tests and negative clinical follow-up would have had a positive x-ray, how did using a differential gold standard in the actual study affect sensitivity and specificity relative to a study in which all patients received x-rays?  What can you conclude about the likelihood of double gold standard bias significantly affecting the results of the study?   (You can assume that the prevalence of fracture in this study is representative and that it is ~20 times worse to miss a fracture than to do an unnecessary x-ray.)
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