Clinical Epidemiology 2014
Chapter 3 Homework

Dichotomous tests
Write out (your own) answers to problems 3.1 and 3.2 in the text, and to additional problems 3.7, 3.8, 3.9, 3.10 below:
3.7  Information from positive vs negative test results
Some tests are more informative when positive; some are more informative when negative.  (By informative, we mean they can change your estimated probability of disease a lot.)  Give REAL examples of tests (or history or physical findings or nonmedical life situations such as airport screening or things you might notice about your car) where:

a)  A positive result is much more informative than a negative result  
b)  A negative result is much more informative than a positive result

c.)  What are the typical test characteristics (i.e., what are sensitivity and specificity like) for a test that is more informative when positive?  When negative?
3.8   Anal-Cranial Inversion
We are big Car Talk fans.  (It's a call-in radio show on National Public Radio.)   Imagine our delight when we heard a "puzzler" about diagnostic tests! 

Ray: Hi, we're back. You're listening to Car Talk with us, Click and Clack, the Tappet Brothers, and we're here to talk about cars, car repair, and the final Puzzler of the current Puzzler season. 

Tom: So I should, like, savor this one? It's going to be a doozy, isn't it? A real season-ending splash. 

Ray: Jerk. All right. There's a rare disease sweeping through your town … and the disease is called ACI, and it produces irreversible anal-cranial inversion. You may have noticed that my brother has it. Now, of all people exposed to ACI, only 0.1 percent actually contract it. OK? 

Tom: Point one percent. 

Ray: A tenth of a percent. OK? 

Tom: Zero point one percent. 

Ray: And if you catch it early, before the symptoms present, you can get treatment and maybe you can be cured. Fortunately, there's a diagnostic test, which can detect ACI up to a year before the inversion occurs. So anyway, you go to your doctor and he administers the test, and it comes out positive. 

Tom: Yeah? 

Ray: And you say, "Oh, I'm done for." Then you're getting a little bit encouraged. You say, "Wait a minute, doc. Is this test 100 percent accurate? And he says, "Well, not really, but it's 95 percent accurate." 

Tom: Ninety-five percent accurate. 

Ray: All right? He says, in other words, 5 percent of the people who take the test will test positive but they don't really have it. The question is: What are the chances that you will actually have an irreversible anal-cranial inversion?

Note: Ray's terminology is not very precise. Assume sensitivity = 100%, specificity = 95%, and prior probability = 0.1%.  Also assume that the question is asking for posterior probability -- i.e., we're not talking about treatment efficacy. 

3.9.  CT Abdomen for appendicitis in children

Kaiser et al 1()
 et al evaluated computed tomography as a diagnostic test for acute appendicitis in children.  Their CT results (compared with ultimate diagnosis) for 317 children with high clinical suspicion for acute appendicitis were as follows:

	
	Appy +
	Appy -
	Total

	CT +
	131
	12
	143

	CT −
	4
	170
	174

	Total
	135
	182
	317


a. What were the sensitivity, specificity, LR+ and LR– for CT scanning for appendicitis? 

b. Assume that the children were consecutively sampled, so that the prevalence of appendicitis was 135/317 = 42.6%.  What is the posterior probability of appendicitis after a negative CT scan in this population?

c.  The treatment for appendicitis is appendectomy, now often done laparoscopically.  Assume that it is 3 times as bad to fail to operate on a patient with appendicitis as it is to operate on a patient who does not have appendicitis.  If that is the case, what should be the treatment threshold probability for performing an appendectomy?

d. We now consider the radiation "cost" (T) of the CT scan.  For now, we will ignore the dollar cost.  The estimated lifetime risk of a fatal malignancy from an abdominal CT scan in children is about 1/1000. So our cost T will be the dollar value we assign to a 1/1000 chance of a fatal malignancy.  Assume that you would be willing to do 200 unnecessary appendectomies to avoid causing a fatal malignancy. Because for every 1000 scans you do, you will cause about 1 fatal malignancy, this means that 200C = 1000T.  So this would mean the radiation cost of the test would be 0.2C.  Incorporate this cost into a calculation to determine the range of prior probabilities of appendicitis at which you should do a CT scan.  Show your work; don't just use the spreadsheet.  Include an "X-graph" showing the relationship between C, B and T, labeling the no treat-test and test-treat thresholds.  
(HINT: you can assign an arbitrary number to any of these values to calculate the others, e.g., say C = 1000.) 

e. What would happen to the range calculated in part (d) above if you included the financial cost of the scan as well?  (Answer in general terms only.) 
3.10.  Rapid Influenza Testing

The CDC posted some calculations about the accuracy of a positive rapid antigen test for influenza.  The gold standard is real-time reverse-transcriptase PCR (RT-PCR).  The following table was posted at

http://www.cdc.gov/flu/professionals/diagnosis/rapidlab.htm (accessed on 9/26/13, simplified slightly).

Positive Predictive Value (PPV) of a Rapid Antigen Test for Influenza

	If Flu Prevalence is… 
	And Specificity is… 
	Then PPV is…
	False Positive Rate is…

	VERY LOW (2.5%)
	GOOD (98%)
	POOR (39%)
	HIGH (61%)

	MODERATE (20%)
	GOOD (98%)
	GOOD (86%)
	LOW (14%)


(We deleted calculations assuming a “poor” specificity of 80%, because all currently available rapid flu tests have specificity of 98% or better.)

Although the table uses the term “prevalence,” the web page says, “The interpretation of positive results should take into account the clinical characteristics of the case.”  So by “prevalence” they actually mean pre-test probability.
a) What is the definition of False Positive Rate used in this table?

b) In the first row of the table, the pre-test probability is 2.5% and the PPV is 39%.  What sensitivity did they use for this post-test probability estimate?

c) The “GOOD” specificity of 98% may be too low.  The Quidel (QuickVue) rapid antigen test has a specificity of at least 99%.2()
  How would using 99% instead of 98% specificity, change the LR(+)?

d) Repeat the calculation of the PPV in the first row of the table using 99% instead of 98% specificity. [2]

The CDC website says that when the pre-test probability of influenza is low,

"If an important clinical decision is affected by the test result, the rapid test result should be confirmed by another test, such as … polymerase chain reaction (PCR)."

e) Assume that the “important clinical decision” is whether or not to treat with oseltamivir (Tamiflu®) and the patient is a pregnant woman at high-risk for complications.  Further assume that the PCR will not further identify the strain or sensitivities of the flu virus, and it will take 3 days to get the results back.  Do you agree with the CDC about confirming a positive result?  Why or why not?  [2]
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