Epi 204 Chapter 4 Problem Set
Bias in Studies of Test Accuracy
Due 1 pm 10/12/2017
EBD-2 Ch04 Problems 12, 15, 18, 52


04.12.Q 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.(Amarilyo, Alper et al. 2011)  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)."

From the abstract: 
RESULTS: Meningitis was diagnosed in 58 patients (53.7%; 6 bacterial and 52 aseptic). Sensitivity and specificity were 76% and 53% for headache (among the verbal patients)… Photophobia (pain or discomfort from bright light) was highly specific (88%) but had low sensitivity (28%). Clinical examination revealed nuchal rigidity (stiff neck) (in patients without open fontanel) in 32 (65%) of the patients with meningitis and in 10 (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.) Which of the following could be explanations for the results?  Explain your answers.

a. 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.

b. 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.

c. 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.

d. 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.



Assume that the photophobia and nuchal rigidity results were as in the following tables:

	
	
	
	
	

	
	
	CSF WBC Count

	
	Photophobia
	>30
	 7-30
	≤6

	Photophobia
	Yes
	6
	10
	6

	
	No
	0
	42
	44

	
	
	6
	52
	50

	
	
	
	
	



	Nuchal Rigidity
	>30
	 7-30
	≤6
	

	Yes
	6
	26
	10
	

	No
	0
	17
	20
	

	
	6
	43
	30
	79



e. Both sensitivity and specificity may have been falsely lowered because a WBC cutoff of only 6 is too low; it should have been 30.  



Ch04.15.A    Wall Motion Abnormalities as a Test for Myocardial Ischemia

Consider a study of the accuracy of regional wall motion abnormalities on the ED echocardiogram as a test for acute cardiac ischemia (ACI).  The index test is a yes/no reading of regional wall motion abnormalities by the performing clinician.  The gold standard for acute cardiac ischemia is the final ED/hospital diagnosis, e.g., “unstable angina”. (Lau, Ioannidis et al. 2001, Lau, Ioannidis et al. 2001)  The test result and the final hospital diagnosis were recorded as part of clinical care and abstracted for the study from the hospital chart by trained reviewers using explicit criteria.  All patients who received an ED echocardiogram were included in the study, regardless of whether they were hospitalized.  If the patient was discharged 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)?







Ch04.18.Q. Headache as a Sign of Hemorrhagic vs. Ischemic Stroke

Based on (Panzer, Suchman et al. 1987).

A hemorrhagic stroke means a brain artery has burst and bled into the brain.  An ischemic stroke means a brain artery was blocked by a blood clot and part of the brain has died due to lack of blood supply.  In both cases, the patient has an acute neurologic deficit, such as new facial droop, arm/leg weakness, difficulty speaking, or loss of a visual field, but headache is more common with hemorrhagic stroke than with ischemic stroke.

Consider a study of the accuracy of headache (current or recent complaint) in differentiating between hemorrhagic and ischemic stroke in 179 patients with an acute neurologic deficit.  The index test is current or recent headache (yes/no) and the gold standard is brain CT scan (hemorrhage – yes/no):

	
	
	Hemorrhage on CT
	

	
	
	Yes
	No
	

	Headache
	Yes
	23
	87
	

	
	No
	14
	55
	

	
	
	37
	142
	179



There were an additional 195 patients with acute neurologic deficits who would have been eligible for inclusion but did not receive a CT (the gold standard) and therefore could not be included in the table above.  None of these patients had a current or recent complaint of headache.  Assume that 13 of these 195 excluded patients had a hemorrhagic CVA:

	No CT (and No Headache)
	
	

	
	
	Hemorrhagic CVA
	

	
	
	Yes
	No
	

	
	
	13
	182
	195




a)  Based on all the information presented above, what is the best estimate of the sensitivity of headache for hemorrhagic CVA?


b) Exclusion of potential study subjects because they did not receive the gold standard as part of their clinical care has what effect on specificity?




Ch04.52.Q  Differential Verification of Pulmonary Embolism

Pulmonary embolism (PE) is a blood clot in the lung.  The ventilation/perfusion scan (V/Q scan) is a nuclear medicine test for PE.  The first PIOPED Study(PIOPED 1990) investigated the accuracy of V/Q scans for PE.  The following table presents simplified results treating a high or intermediate probability scan as positive and a low probability or normal scan as negative.   The patients in this study were a random sample from the population of patients in whom V/Q scans were ordered. 

	
	PE
	

	V/Q Result
	D+
	D-
	

	Positive
	207
	231
	438

	Negative
	44
	399
	443

	
	251
	630
	881



a) Calculate the Prevalence of PE in this sample, also calculate Sensitivity, Specificity, Positive Predictive Value, and Negative Predictive Value of the V/Q scan for PE.

[bookmark: _GoBack]

Two different gold standards were used to determine D+/D- status.  Pulmonary angiogram (PA-gram) and clinical follow-up.  All of the V/Q Positive patients had PA-grams, but of the 443 V/Q negative patients, 150 had clinical follow-up.  The authors state, “Since none of these [150] patients received anticoagulants and none developed clinically evident pulmonary embolism during follow-up, important pulmonary emboli did not occur in this group.”  So they categorized these 150 patients as PE negative (D-).

b)  Of the V/Q negative patients who had PA-grams , what proportion had PE?


Assume that, ideally, all of the patients would have had D+/D- status determined by a PA-gram.  To obtain a lower bound on the NPV of the V/Q scan, further assume that the proportion with positive PA-grams determined in (b) applies to the 150 patients who were negative on clinical follow-up.  

c) How many of the 150 patients would have had a positive PA-gram?



d) Re-create the 2x2 table above but assume that the number in (C) are false negatives instead of true negatives.



	
	PE
	

	VQ Result
	D+
	D-
	

	Positive
	
	
	

	Negative
	
	
	

	
	
	
	



e) Calculate the upper bound on the Prevalence of PE in this sample. Also calculate the lower bounds on Sensitivity, Specificity, Positive Predictive Value, and Negative Predictive Value of the V/Q scan for PE.  (Again, we are assuming that the PA-gram is the correct gold standard.)


f) Compared to a study in which everybody receives the single invasive gold standard (PA-gram in this example), what is the effect applying the invasive gold standard to all patients with positive index tests but using clinical follow-up for some patients who have negative index tests?  Assume that some patients who would have had a positive invasive gold standard, instead have negative clinical follow-up.  Specifically discuss the effect on the estimates of Prevalence, Sensitivity, Specificity, Positive Predictive Value, and Negative Predictive Value.
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