	#
	Pts
	Score

	1
	11
	 

	2
	10
	 

	3
	15
	 

	4
	9
	 

	5
	15
	 

	6
	10
	 

	7
	11
	 

	8
	9
	 

	9
	10
	 

	Total
	100
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Collaboration with others is NOT permitted.  Please work alone.

[# points + extra credit] listed after each question

1.  The CDC recently 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 11/25/2009).

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%)
	POOR (80%)
	V. POOR (6-12%)
	V. HIGH (88-94%)

	VERY LOW (2.5%)
	GOOD (98%)
	POOR (39-56%)
	HIGH (44-61%)

	MODERATE (20%)
	POOR (80%)
	POOR (38-56%)
	HIGH (44-62%)

	MODERATE (20%)
	GOOD (98%)
	GOOD (86-93%)
	LOW (7-14%)


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? [2]

b) In the second row of the table, the pre-test probability is 2.5% and the low-end PPV is 39%.  What sensitivity did they use for this low-end post-test probability estimate?  (Show your work.) [3]

c) It is not clear why the CDC used a “POOR” specificity of 80%.  This same web page says that the specificity of rapid antigen tests is about 90%-95% and, in fact, even their “GOOD” specificity of 98% may be too low.  The Quidel (QuickVue) rapid antigen test has a specificity of at least 99%.(1)  How would using 99% instead of 98% specificity, change the LR(+)? [2]

d) Repeat the calculation of the low-end PPV in the second 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 and the patient is a pregnant woman at high-risk for complications.  Further assume that the RT-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]

2.  Occasionally, due to fetal stress during labor, the fetus passes meconium stools, staining the normally clear amniotic fluid.  If newborns inhale this meconium with their first breaths it can injure their lungs, causing meconium aspiration syndrome (MAS), a potentially life-threatening disorder.  For this reason, when babies are born through meconium-stained amniotic fluid, the delivering clinician often tries to suction any meconium out of the nose and mouth before the babies take their first breath.

Vain et al (2) did a randomized trial of such suctioning to prevent MAS.  Here is a 2x2 table summarizing the results of this study:  

	
	MAS
	No MAS
	Total
	Risk

	Suction
	52
	1211
	1263
	4.12%

	No Suction
	47
	1204
	1251
	3.76%

	Total
	99
	2415
	2514
	


Relative Risk (RR) = 4.12%/3.76% = 1.10 (95% CI: 0.74 to 1.61)

Absolute Risk Reduction (ARR) = 3.76%  - 4.12% =  -0.36% (95% CI: -1.88% to +1.16%)

(Point estimate is a risk increase, so ARR is negative)

a) From the “Results” section:

“ …26 (2%) infants assigned no suction received intrapartum suctioning, mostly because the obstetrician demanded suctioning just as the child's head was being delivered, and were also analysed as part of the no-suction group. These events occurred at several institutions early in the study period. Consequently, no further infants delivered by the non-compliant obstetricians were enrolled.”

Why not analyze these 26 infants who did receive suctioning in the suction group, or at least drop them from the analysis altogether?  Do you think dropping them from the analysis would favor suction or no suction? [5]

b) The sample size for this study was chosen assuming an MAS frequency of 7% in the no-suction group and that, to be clinically significant, suction would have to result in an absolute risk reduction of 3% (i.e. NNT = 33 to prevent one case of MAS).  However, the frequency of MAS in the no-suction group was only 4% in the study, meaning that there were substantially fewer bad outcomes to analyze and the power of the study to identify a significant effect of suction was less than anticipated.  Now that they know the MAS rate is only 4%, but assuming an ARR of 3% is still the smallest improvement that would be clinically significant, should the authors repeat the study with a larger sample size? [b]

3. Cervical Cancer Screening In India

In the developing world, cervical cancer death rates have not decreased the way they have in the developed world.  A cluster-randomized trial in India showed that a one-time HPV screening program reduced cervical cancer death rates compared with usual care.


(3) ADDIN EN.CITE   Simplified results are shown in the following table:

	 
	N
	Avg Follow-up (yr)
	Cervical Cancers Diagnosed
	Cervical Cancer Deaths
	Deaths/ 1000 women

	Offered HPV Screening
	34126
	7.9
	127
	34
	1.0

	Control
	31488
	7.9
	118
	64
	2.0










P =0.0006

a) Number Needed to Screen: How many women need to be offered HPV screening to prevent one cervical cancer death at 7.9 years of follow-up? [2]

b) The above represents an “intention-to-treat” analysis.  Roughly 80% of the women who were offered HPV screening received it and none of the control group received HPV screening.  Would the true number needed to screen be higher or lower than the number calculated in part (a)? [2]

Roughly the same number of cervical cancers were diagnosed in the group offered HPV screening and the control group (127 vs. 118).  The table below shows the distribution of cancer diagnoses by stage at diagnosis.
	Stage At Diagnosis
	HPV Screening or Control?
	HPV Screening or Control?

	1A
	6%
	37%

	1B
	22%
	26%

	≥II
	69%
	31%

	Unknown
	3%
	6%


c) Which column do you think represents which group?  Explain your choice. [2]

d) In the following table, state whether the listed factor could explain why this study found that HPV screening REDUCED cervical cancer mortality.  Briefly explain your answer. [9]

	
	Explains Finding That HPV Screening REDUCES deaths

	
	Yes/No
	Explain Answers

	Volunteer Bias
	
	

	Lead-Time Bias
	
	

	Length Bias
	
	

	Stage Migration Bias
	
	

	Pseudodisease
	
	

	Sticky Diagnosis Bias
	
	

	Slippery Linkage Bias
	
	

	Crossover Between Groups
	
	

	Chance
	
	


4. Cruz et al(4) studied the agreement between research assistants (RAs) and emergency physicians (MDs) on the presence or absence of certain symptom characteristics in patients presenting to the emergency department with chest pain.  The following table shows responses to the question “Was the quality of the chest pain crushing?”

	“Crushing” Pain?
	MD Recorded "Yes"
	MD Recorded "No"
	

	RA recorded yes
	117
	6
	123

	RA recorded no
	18
	2
	20

	Total
	135
	8
	143


a) What is the observed percent agreement? [2]

b) What is expected agreement based on the marginals? [2]

c) What is Kappa? [2]
d) Are disagreements balanced in this study?  Explain what this means. [3]

	Score
	Alvarado

	≥
	Sensitivity
	Specificity

	1
	1
	0.985

	2
	1
	0.967

	3
	1
	0.864

	4
	0.985
	0.731

	5
	0.924
	0.570

	6
	0.848
	0.368

	7
	0.721
	0.192

	8
	0.503
	0.090

	9
	0.259
	0.038

	10
	0.076
	0.003


5.  Schneider et al. (5) summarized test characteristics at different cutoffs for the Alvarado score, which is intended to help with diagnosing appendicitis in children.  (The Alvarado score combines results from the history, physical examination and blood count; higher scores are more suggestive of appendicitis.)  A table from their paper is partially reproduced here.

a) What is the obvious error in this table?  If you don’t see it right away, try doing part (b).  [2]









b) Plot an ROC curve for the Alvarado score.  Correct the “obvious error” mentioned above. [4] [image: image1.emf]0%
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c) What fraction of patients WITH appendicitis had an Alvarado score of 10? [2]

d) What fraction of patients WITH appendicitis had an Alvarado score of 2? [2]

e)  A 9-year-old girl presents to the emergency department with a 1-day history of lower abdominal pain. Assume her pre-test probability of appendicitis (not including items covered in the score) is 20% and her Alvarado score is 8.  Based on this (exact) score, what is the best estimate for her post-test probability of appendicitis? [5]
6.  Bhandari et al


(6) ADDIN EN.CITE  prospectively studied 163 consecutive infants who were evaluated for sepsis and correlated blood test results with diagnoses of confirmed and suspected sepsis. 

Table 3 from that paper is shown below: 

[image: image2.emf]
a. Can positive and negative predictive value be determined from this study design?  Explain. [2]

b.   The ANC (absolute neutrophil count) was defined a priori as abnormal if it was <7,500 or >14,500 cells/mm3. The cutoff for the CD64 index was chosen after looking at the data.  How does this affect the comparison between the two? [2]




c.  The sensitivity and specificity estimates in Table 3 above include as D+ individuals both those with "suspected sepsis" and those with confirmed sepsis.  The methods section of the paper states: 

"Of infants with negative culture results, those with a positive sepsis score (≥ 2 of the hematologic criteria enumerated above) were categorized as having suspected sepsis, whereas the remaining infants were categorized as having no sepsis."
What bias could this cause, and how would you expect it to affect the results in Table 3? [3]
 

d.  Below are ROC curves for the 5 individual tests in Table 3 of the paper.  Unlike the sensitivity and specificity estimates in Table 3, which included as D+ both infants with  “suspected sepsis” and infants with sepsis confirmed by culture, these ROC curves only counted as D+ sepsis confirmed by culture. Based on these curves (not any data provided above or in the paper), how many infants do you think had sepsis confirmed by culture?  Explain how you can tell without referring back to the paper.  (Note you can see the colors of the lines in the electronic version of the final on the Epi 204 web site, but you do not need to in order to answer this question.) [3]

[image: image3.emf]
e. (EXTRA CREDIT) The row labeled "ANC and CD64" shows 95% sensitivity and 57% specificity for the combination of the two tests.  The investigators do not indicate how the two tests were combined, i.e., whether the test pair was considered positive if either test was positive (in which case the row might better be labeled 'ANC or CD64') or whether it was only considered positive if both tests were positive.  From the sensitivity and specificity reported in that row of the table, what can you tell about how the tests were combined? [+2]


7.
A paper in the JAMA "Rational Clinical Examination" series reviewed the sensitivity and specificity of various history and physical findings for acute appendicitis.  To do this, they reviewed the literature and selected the 11 most relevant studies (Tables 1 and 2).  The studies had heterogeneous inclusion criteria: 

Inclusion Criteria





N of studies
Emergency Department (ED) evaluation for acute abdomen

1

Emergency Department evaluation for suspected appendicitis

1

Admitted for acute abdomen





1

Admitted for abdominal pain





3

Admitted for suspected appendicitis




3

Operation for suspected appendicitis




2

Consider 2 studies, one from the top and one from the bottom of the list above:

Study  1 -- includes all ED patients evaluated for acute abdomen

Study 2 – includes all patients operated on for suspected appendicitis (i.e. patients who get an appendectomy in the operating room).  

a)  
How would the prevalence (pretest probability) of appendicitis differ between the subjects in Study 1 and Study 2? [2]

b) How would the specificity of “Right Lower Quadrant (RLQ) Pain” differ between Study 1 and Study 2?  (Hint: assume that patients with RLQ pain are more likely to be operated upon for suspected appendicitis.)  [3]

c) If patients with RLQ pain are likely to go to the operating room sooner, and if appendicitis sometimes resolves spontaneously if given the chance, what bias could this cause, and how would you expect it to affect the sensitivity and specificity of RLQ pain estimated from Study 1? [3]

d.) Repeat part c, assuming appendicitis never resolves spontaneously. [3]
8.    Investigators from the National Heart, Lung and Blood Institute Acute Respiratory Disease Syndrome Network used data from one of their clinical trials ("ARMA") to develop a predictive index for mortality in patients with acute lung injury(7).  The model assigns a total of zero to 5 points, as shown in Table 2, reprinted from the paper below:

[image: image4.emf]
For example, a 55 year old with a bilirubin of 2.5, net fluid balance of +1500 ml and a hematocrit of 23 would have 1+1+0+1 = 3 points on this scale.  Mortality predicted from the model, along with mortality observed in ARMA and in a second clinical trial ("ALVEOLI") used to validate the results are shown in Table 3:

[image: image5.emf]
a.
Which of the following statements about this study are true?  Explain your answers. [1 each]

i. Table 3 shows that the calibration of the model was similar in the two groups of patients (ARMA and ALVEOLI).

ii.  Recursive partitioning is a good nonparametric way to develop point scores for a prognostic index like this.

iii.  Lack of blinding of treating clinicians to the components of the score may have led to improved prediction

iv.  Lack of blinding of those ascertaining outcome to the components of the score may have led to improved prediction

v.  Table 3 would be more relevant to practicing clinicians if it also included the negative likelihood ratio for each row.



b. Figure 2 from that paper compares ROC curves for the new index with that of the Acute Physiology Assessment and Chronic Health Evaluation (APACHE) score in the development (ARMA) and validation (ALVEOLI) cohorts.

[image: image6.emf]

i.  Is the lower area under the ROC curve for the custom model in the validation dataset expected?  Why? [2]


ii.   Why are the curves for the custom model so much smoother than those for APACHE (in both panels)?  [2]



c.)  EXTRA CREDIT:  How can the discrimination in the ALVEOLI population be worse, when the range of observed probabilities of mortality is actually a little wider than in the ARMA population? [+2]


9.  You have heard that mortality from pneumococcal disease in the elderly has declined with widespread vaccination of children with heptavalent conjugate pneumococcal vaccine (Prevnar®), and want to make a case that Medi-Care should therefore pay for that vaccine for children.  However, the Medicare administrator is unconvinced that there is a causal relationship between vaccinating children and decreased mortality in adults.  

a) There are many more serotypes of pneumococcus than the 7 included in Prevnar®.   How could you use this information to make your case for causality stronger?  [5]

b.)  If there are geographical differences in the date and rate of introducing Prevnar® in children, how could you use this to further your argument for causality? [5]
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� At this writing, the CDC’s assay for the novel swine-origin influenza A (H1N1) virus (S-OIV) known as swine flu is not widely available.  RT-PCR is the gold standard for identifying an influenza A virus infection but cannot further identify the strain or subtype.  This can only be done at special labs, primarily county health departments and the CDC.
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