
Epi 204 -- Problem Set #4
Chapter 4 Problems  (Studies of Diagnostic Test Accuracy)
Due 10/17/2019  1 pm
Problems 


Do problems #1 – #5 below. 

You may use whatever tools you like, including Excel, an online calculator, and Stata.  But please respond clearly and directly to the questions.  

1. Wall Motion Abnormalities as a Test for Myocardial Ischemia (Ch04.15)
Consider a study of the accuracy of regional wall motion abnormalities on the emergency department (ED) echocardiogram as a test for acute cardiac ischemia (ACI; the heart not getting enough blood flow).  The index test is a yes/no reading of regional wall motion abnormalities by the performing clinician.  The gold standard for ACI is the final ED/hospital diagnosis, e.g., “unstable angina.” (1, 2)  The test result and the final 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? [1]


b. How would this bias sensitivity (relative to a study in which the echocardiogram result was withheld from the clinicians)?  Explain. [2]


c. How would this bias specificity (relative to a study in which the echocardiogram result was withheld from the clinicians)? Explain. [2]


2. Findings Suggestive of Meningitis in Children 
Although vaccination has significantly reduced its incidence, the possibility of bacterial meningitis (a bacterial infection of the area around the brain) remains scary for clinicians seeing young children with fevers.  Israeli investigators reported on the diagnostic accuracy of clinical symptoms and signs of meningitis in children.(3) They enrolled 108 patients 2 months to 16 years old who underwent lumbar puncture (also called a spinal tap; using a needle in the back to remove spinal fluid) for suspected meningitis and correlated signs and symptoms with the diagnosis of meningitis.   The gold standard for meningitis was a white blood cell count (WBC count) of 6 or higher per microliter of cerebrospinal fluid (CSF).  

(Clinical information: bacterial meningitis is more severe and less common than aseptic (viral) meningitis, and CSF white blood cell (WBC) counts with meningitis are typically much higher than 6 WBC/µL, especially in those with bacterial meningitis.) 

Clarification: In this problem, a clinical finding such as headache is considered the index test and the gold standard is the spinal tap.  Sensitivity of headache is the proportion of patients with meningitis by spinal tap (CSF WBC count  6) who had a headache.  Specificity or headache is the proportion of patients without meningitis by spinal tap (CSF WBC count < 6) who did not have a headache.  The same applies for the other clinical findings mentioned: stiff neck and eye pain from bright light.

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 each of the following statements, answer whether it is true or false and explain your answer.

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. [2]

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 photophobia was present. [2]


c. If we wished to use this study to estimate the sensitivity of clinical findings for bacterial meningitis, we would have to be concerned about falsely low sensitivity due to spectrum bias: sensitivity probably would have been higher if more of the meningitis group had bacterial meningitis. [2]


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. [2]


Assume that the photophobia results were as in the following table:
	
	
	
	
	

	
	
	CSF WBC Count

	
	Photophobia
	>30
	 7-30
	≤6

	
	Yes
	6
	10
	6

	
	No
	0
	42
	44

	
	
	6
	52
	50



e. If the authors had used a WBC cutoff of ≥ 30/L for the meningitis gold standard, both sensitivity and specificity would have been higher.  [2]



3. Liver Biopsy. 
According to Mehta et al (4), biomarkers have not been accurate enough to use as non-invasive alternatives to biopsy for staging of liver disease caused by Hepatitis C virus (HCV).  The staging is important because it can affect treatment decisions such as whether to treat with anti-HCV drugs.  But the problem may not be with the markers but with the reference standard liver biopsy.  In this problem, we will explore the effect of an imperfect gold standard (aka copper standard) on the apparent sensitivity and specificity of an index test that is actually better than the copper standard biopsy at identifying liver cirrhosis, the true disease state of interest.

Assume that the copper standard liver biopsy (B) has sensitivity 75% and specificity 95% for true cirrhosis (D).  The prevalence of “true” disease D+ is 0.40.  The table below illustrates this with a hypothetical population of 1000.

	
	D+
	D
	Total

	B+
	300
	30
	330

	B
	100
	570
	670

	Total
	400
	600
	1000



Assume that the new biomarker (index test) T is perfect relative to the “true” disease state D+/D-.  So, all 100 false negatives on the biopsy will be T+ and none of the 570 true negatives on the biopsy will be T+, as shown below.

	
	D+
	D-
	

	B+T+
	
	
	

	B+T
	
	
	

	BT+
	100
	0
	100

	BT
	
	
	

	
	400
	600
	1000



a) Fill in the other 3 rows of the table above. [2]

The true disease status D+/D- is never observed, so the table used to calculate the sensitivity and specificity of the test T will be the following.
	
	B+
	B-

	T+
	
	100

	T-
	
	

	
	
	



b) Fill in the other 3 cells of the table above.  How does it compare with the first table in this problem that showed the sensitivity and specificity of the biopsy relative to the true disease status?  [2]

c) Calculate the apparent sensitivity and specificity of T relative to the liver biopsy B.  How do these compare to the “true” PPV and NPV of the biopsy? [2]

Now, repeat the process, but assume that T is 85% sensitive and 95% specific (compared with the true gold standard).  You may assume that the sensitivity and specificity of T are independent of the biopsy result.  For example, 85% of the 100 false negatives on B (0.85*100=85) will be positive on T and 5% of the 570 true negatives on B will be false positive on T.


		
	D+
	D-
	

	B+T+
	
	
	

	B+T-
	
	
	

	B-T+
	85
	28.5
	113.5

	B-T-
	
	
	

	
	400
	600
	1000



	
	
	



d) Fill in the other 3 rows of the table above. [2]



	
	B+
	B-

	T+
	
	113.5

	T-
	
	

	Total
	
	



e) Fill in the other 3 cells of the table above.

f) Calculate the apparent sensitivity and specificity of T relative to the liver biopsy B.  Compare these to the true sensitivity and specificity of T. [2]


g) (Extra credit) If you were a scientist developing a marker you believed to be superior to liver biopsy for Hepatitis C staging, what data could you collect to make a case for your new marker even if (as seems likely) the errors between the two tests (biopsy and marker) were not independent?  [+3]


4. Pain over speed bumps and diagnosis of acute appendicitis 
 (with thanks to Kali Zhou, Michelle Gomez Mendez, John Sy, and Benjamin Lee, Epi 204 2016)

Acute appendicitis is an important cause of emergency department visits for abdominal pain. In an Ig-Nobel prize-winning (see http://www.improbable.com/ig/winners/) article, Ashdown et al (5) looked into utilizing speed bumps as a potential diagnostic tool for acute appendicitis. The abstract is excerpted below.  

Objective: To assess the diagnostic accuracy of pain on travelling over speed bumps for the diagnosis of acute appendicitis. 
Participants: 101 patients aged 17-76 years referred to the on-call surgical team for assessment of possible appendicitis. 
Main outcome measures: Sensitivity, specificity, positive and negative predictive values, and positive and negative likelihood ratios for pain over speed bumps in diagnosing appendicitis, with histological diagnosis [i.e., by examination of the removed appendix under a microscope] of appendicitis as the reference standard. 
Results: The analysis included 64 participants who had travelled over speed bumps over their journey to the hospital. Of these, 34 had a confirmed histological diagnosis of appendicitis, 33 of whom reported increase pain over speed bumps. The sensitivity was 97% (95%CI 85-100%), and the specificity was 30% (15% to 49%). The positive predictive value was 61% (47% to 74%), and the negative predictive value was 90% (56% to 100%). The likelihood ratios were 1.4 (1.1 to 1.8) for a positive test result and 0.1 (0.0 to 0.7) for a negative result. Speed bumps had a better sensitivity and negative likelihood ratio than did other clinical features assessed, including migration of pain and rebound tenderness. 
Conclusions: Presence of pain while travelling over speed bumps was associated with an increased likelihood of acute appendicitis. As a diagnostic variable, it compared favorably with other measures commonly used in clinical assessment. Asking about speed bumps may contribute to clinical assessment and could be useful in telephone assessment of patients. 

A)  Below is a 2 × 2 table that summarizes the results on the 64 patients who had traveled over speedbumps. Are their values for positive and negative predictive value correct?    [2]

	
	Appendicitis
	No Appendicitis
	Total

	Positive
	33
	21
	54

	Negative
	1
	9
	10

	Total
	34
	30
	64




B)  The 33 patients who did not recall having traveling over speed bumps were excluded from the study. If many of them had, in fact, gone over speed bumps, but did not remember because it didn't hurt what kind of bias would result from excluding these patients from the study, and how would it affect reported sensitivity and specificity?  [2]


C)  Assume that those excluded from the study because they did not remember traveling over speed bumps were otherwise similar (in terms of appendicitis risk) to those who remembered traveling over speed bumps, but not feeling pain.   How would the exclusion of these subjects affect the negative predictive value?  [2]


D)  Another possibility is that the reason why those 33 patients did not recall going over speed bumps was that they deliberately avoided them because they thought it would hurt.  If just this (and not forgetfulness from part B) caused some of the 33 patients to be excluded, how would that affect the reported sensitivity and specificity (compared with including them and counting them as positive for pain over speed bumps)? (Hint: don't try to name this bias.) [2]


E.  The diagnosis of appendicitis was confirmed histologically in all cases.  However, the diagnosis of no appendicitis was sometimes made clinically (e.g., pain resolved without surgery).   If appendicitis sometimes resolved spontaneously and those with positive speed bump tests were more likely to have appendectomies, what bias would that cause, and how would it affect reported sensitivity and specificity?  [2]



5.  Elbow Extension Test for Elbow Fracture (with thanks to Matt Hickey)
Appelboam et al.(6) studied the elbow extension test (inability fully to extend the elbow) as a predictor of elbow fracture in 960 adult emergency department patients.  All 647 patients who had a positive test (were 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? [1]


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 was the negative predictive value (NPV) of the elbow extension test? [1]


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. [2]

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 among 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. [2]

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?    [2]


f) If you were willing to do up to 20 X-rays to find one elbow fracture, would the possibility of differential verification bias significantly affect your decision to trust the elbow extension test based on this study (assuming the observed prior probability is similar to yours)? [2]


g) [bookmark: _GoBack]Repeat part F, but this time assume you are willing to do 50 X-rays to find one elbow fracture. [2]
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