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Epi 204 Chapter 5, Problem Set 5 

Studies of Diagnostic Tests

Due 1 pm 10/13/2016
	Assigned problem
	Total Points =41+4

	5.2 (EBD)
	7

	5.12
	8 + 4

	5.15
	3

	5.16
	12

	5.21
	8

	5.22
	3


Do problem 5.2 from EBD and the following additional problems. 
Problem 5.12 [12 points] 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


( ADDIN EN.CITE )
 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).  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.) Assume that clinical findings are more likely in those with higher CSF WBC counts.  Indicate whether each of the following statements (A to D) is true or false and explain your answer. 
 
A.    The low sensitivity of the findings could be due to verification bias, because subjects with a stiff neck would be more likely to get a lumbar puncture and only subjects who received a lumbar puncture were included in the study. [2]
 B.    The higher specificity of photophobia could be due to verification bias, if clinicians deciding to do a lumbar puncture were particularly influenced to do so if this finding was present. [2] 

 
C.    The low sensitivity of these tests could be due to the spectrum of disease in this study: 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]
 

E.  Perhaps the WBC threshold used by the authors to diagnose meningitis was too low.  Suppose they raised the cutoff for the gold standard for diagnosing meningitis from 6 to 20 WBC/microliter. EXTRA CREDIT 
 
i. How would you expect this to affect the sensitivity of stiff neck as test for meningitis? [+2]
ii.  How would you expect this to affect the specificity of stiff neck as test for meningitis? [+2]




5-16. Elbow Extension Test for Elbow Fracture [11 points]
Appelboam et al.2()
 studied the elbow extension test (inability to fully extend the elbow) as a predictor of elbow fracture in 960 consecutive adult ED patients with elbow injuries.  The purpose of the elbow extension test is to help select patients for x-rays. 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 is the negative predictive value (NPV) of the elbow extension test?  [2]
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]
	Elbow fracture
	Fracture
	No Fracture
	
	
	

	Extension abnormal
	
	
	
	
	

	Extension normal
	
	
	
	
	

	
	
	
	960
	
	

	
	
	
	
	
	


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 (3.5%) 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.  [3]
e) Assume that it is ~20 times worse to miss a fracture than to do an unnecessary x-ray.  At what probability of fracture should you do an x-ray?  [1]


f) Assume that you are critically appraising this study to determine whether you will feel comfortable forgoing elbow x-rays in patients with a negative elbow extension test.   You can assume that the prevalence of fracture in this study is representative of your population.   Use your answers to parts b, d and e to determine whether the potential double-gold standard bias in this study is sufficiently concerning to make you unwilling to trust the elbow extension test as an indicator of the need to do elbow x-rays. [3]
5.21 Evaluation of a Breast/Ovarian Cancer Genetics Referral Screening Tool (with thanks to Yi-Hsuan Wu, MAS 2017, adapted from the 2016 final exam). 
Mutations in BRCA1 and BRCA2 (BRCA1/2) genes increase the risk of breast and ovarian cancer, but the genetic test for them is costly. There are models to assess the probability of carrying a BRCA1/2 mutation, but they are complicated, requiring a very detailed family history. A referral screening tool (RST) was designed for use in primary care practice to help clinicians select patients for BRCA testing (Figure).  Bellcross et al.3()
 evaluated the accuracy of the RST. 
Figure 5.21: BRCA testing referral tool.
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From the abstract:

Methods: The RST was administered to 2464 unselected women undergoing screening mammography. Detailed four-generation cancer pedigrees were collected by telephone interview on a random subset of 296 women. The pedigrees were analyzed using four established hereditary risk models (BRCAPRO, Myriad II, BOADICEA, FHAT), with a ≥10% BRCA1/2 mutation probability using any [established] model as the definition of “high risk.”

Results: The RST identified 6.2% of subjects as screen “positive” (high risk). … In comparison with the pedigree analyses, the RST demonstrated an overall (high risk by any model) sensitivity of 81.2%, specificity of 91.9%, [PPV of 80%, NPV of 92%], and discriminatory accuracy of 0.87.

a) For the pedigree analysis the authors chose to oversample (randomly) from the RST-positive group even though this group only represented 6.2% of the population, saying:
“The positive [group was] intentionally oversampled to provide a sufficient number of potentially high-risk pedigrees to adequately address sensitivity.”
If they did not take this oversampling into account when calculating sensitivity and specificity, would the described oversampling of those with positive RST cause bias in the estimates of the sensitivity and specificity of the RST?  If so, in which direction?  [2]


The following table shows results in the sample (n= 296) consistent with what the authors reported:

	Sample
	Risk based on pedigree analysis and risk models
	

	
	High risk
	Low risk
	Total
	

	RST
	Positive
	69
	17
	86
	PPV= 80%

	
	Negative
	16
	194
	210
	NPV= 92%

	
	Total
	85
	211
	296
	

	
	
	Sensitivity= 81.2%
	Specificity= 91.9%
	
	


Now you want to know the sensitivity and specificity of RST in the underlying mammography population (n= 2464) to see if the estimates of sensitivity and specificity in the sample were biased.  

b) Given the percentage of subjects in the entire study identified as RST positive (6.2% in the abstract) and the predictive values observed, complete the following 2x2 table and calculate the sensitivity and specificity of RST in the mammography population. [Hint: First figure out how many in the entire population tested positive.]  [ 2] 

	Population

	Overall risk by pedigree analysis
	

	
	High risk
	Low risk
	Total
	

	RST
	Positive
	
	
	
	PPV= 80%

	
	Negative
	
	
	
	NPV= 92%

	
	Total
	
	
	2464
	

	
	
	
	
	
	


c) Compared to the sensitivity and specificity of the RST in the mammography population you obtained from (b), do you think the sensitivity and specificity of RST the authors reported in the abstract are biased?  [2]


In the Results section the authors wrote:
“It should be noted that these predictive values are not representative of those that would be obtained in a general mammography population, as … high-risk subjects were intentionally oversampled. Using the prevalence of 6.2% RST screen-positive individuals in this study, and the overall sensitivity and specificity obtained, the PPV and NPV values expected in a general mammography population would be 0.39 and 0.78, respectively.”

d) With your answers from (a) to (c), do you agree with the authors that the PPV and NPV, not the sensitivity and specificity, are the measures needed to be adjusted to be representative of the ones in the mammography population? Why? [2]

5.22  Maguire  et al.4()
 pooled individual patient data from 6 comparative studies of children younger than 3 years with intracranial
 injury to develop a predictive model for abusive head trauma.  (We'll discuss clinical prediction rules more in a couple of weeks.)  The findings they found most predictive of abusive head trauma (when present) were long bone fractures, rib fractures, and retinal hemorrhages.
   The gold standard for the diagnosis of abusive head trauma was, "Abuse confirmed at case conference or civil, family, or criminal court  proceedings or admitted by perpetrator or independently witnessed …or confirmed by multidisciplinary assessment ."


a. Do you think the choice of this gold standard for evaluating the predictive power of these findings could be problematic?  Why? [1]

b.  If so, what is the name of the bias it would cause? [1]
 
c.  In what direction would it affect sensitivity and specificity? [1]
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� Intracranial means inside the skull.  So all included children either had injury to the brain itself or bleeding around it, not just bumps on the head.


� When we suspect child abuse we have children examined by an ophthalmologist. Retinal hemorrhages (bleeding) are suggestive of the "shaken baby syndrome."
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