Epi 204
HW #4 Answer Key

10/14/09

Total points 29
7.  Below are some real data on urine white blood cells from urinalyses as a test for urinary tract infection (UTI) of febrile infants < 3 months old.


(1, 2) ADDIN EN.CITE   The top number in each cell is the number of infants; the number just below is the column percent.  So, for example,  25.21% of the infants with a UTI had 0-2 White Blood Cells per High-Power Field (WBC/HPF).

MICROSCOPIC|  
  UTI?                                     

URINE WBCS |    YES |     NO   |   Total      

-----------+--------+----------+--------      

   0-2/HPF |     30 |     857  |     887      

           |  25.21 |   83.53  |   77.47      

-----------+--------+----------+--------      

   3-5/HPF |     11 |      94  |     105      

           |   9.24 |    9.16  |    9.17      

-----------+--------+----------+--------      

  6-10/HPF |     12 |      43  |      55      

           |  10.08 |    4.19  |    4.80      

-----------+--------+----------+--------      

 11-20/HPF |     33 |      19  |      52      

           |  27.73 |    1.85  |    4.54      

-----------+--------+----------+--------      

   >20/HPF |     33 |      13  |      46      

           |  27.73 |    1.27  |    4.02      

-----------+--------+----------+--------      

     Total |    119 |    1026  |    1145      

           

| 100.00 |  100.00  |  100.00
a. Label the axes and draw an ROC curve for this test below. 2pt
The easiest way to do this is to start at the lower left of the ROC curve and then use the column percents in each row to move up (the "UTI" column) and over (the "no UTI" column) that amount from the previous point.  So the first point (for a ≥ 20 WBC/HPF cutoff) would be up about 28% and over about 1.3% and the second point would be up another 28% and over 1.85% and so on.  Alternatively, you could calculate the sensitivity, specificity and false positive rate for each table.  These are summarized below:

	
	Sensitivity
	Specificity
	False Pos Rate

	>20
	0.28
	0.99
	0.01

	>10
	0.55
	0.97
	0.03

	>5
	0.66
	0.93
	0.07

	>2
	0.75
	0.84
	0.16

	(0
	1.0
	0
	1.0


These values are plotted in the ROC curve below.  
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Area under ROC curve = 0.8291


b) What is the area under it?  (You can just estimate it by counting boxes.) 1pt
You should get about 17 boxes above the curve, so 83 must therefore be below, and the area is about 0.83. (The exact answer is 0.8291.)

c).  What are likelihood ratios for each category of urine WBC? 2pt
WBC

LR = P(r|d+)/P(r|d-)
> 20/ HPF
27.73 / 1.27 = 21.9

11-20/ HPF
27.73 / 1.85 = 15.0

6-10/ HPF
10.08 / 4.19 = 2.41

3-5/ HPF
 9.24 / 9.16 = 1.01

0-2/HPF
25.21 / 83.53 = 0.30

d)   In this study the prior probability of UTI in a girl was about 12%.  What would 
the posterior probability be if she had 6-10 WBC/HPF on her urinalysis? 1pt

Prior odds = 0.12 / 0.88 = 0.14


Posterior odds = (0.14)(2.41) = 0.33


Posterior probability = 0.33 / 1.33 = 0.25  (25%)
e)  Let's suppose you would begin empiric treatment for UTI if the probability were 15% or more.  At what prior probability of UTI would you treat regardless of the UWBC result? 2pt
What we’re looking for is a prior probability of UTI so high that even if the UWBC is maximally reassuring, our post-test odds will remain above our treatment threshold.   So the steps are:


1.  Convert treatment threshold to odds:


Treatment threshold odds = 0.15 / (1 - 0.15) = 0.176


2.  Find the lowest (most reassuring) likelihood ratio (0.30).

3.  Divide the treatment threshold (post-test odds at which you would treat) by the most reassuring LR.  That will give you the pretest odds, above which, even if the test were most reassuring, you'd remain above the treatment threshold.







LR 0.3






  <------------------------


ODDS___________________|_________________|_________________






0.176

upper limit of prior for testing





treatment threshold


Upper prior odds = Post odds treatment threshold / (LR for 0-2 WBC/HPF)








= 0.176 / 0.3 = 0.59


Upper prior probability = 0.59 / 1.59 = 0.37  (37%).


Therefore if your prior probability is greater than 37% you would treat 
regardless of the urine WBC result.

8.  Levine et al(3) did a cross-sectional study to determine the likelihood ratios of different C-reactive protein results for septic arthritis in children as defined by a positive arthrocentesis.

Table 2 from the Results section:

        [image: image2.png]C-reactive — Septic + Septic

protein arthritis arthritis Stratum-specific

(mg/dL) (number of (number of likelihood

category patients) patients) ratios (CI)
=10.5 14 16 0.36 (0.14-0.88)
=5-10.4 17 10 0.60 (0.32-1.08)
=1-49 36 9 1.42 (0.71-2.73)
<0.9 27 4 2.75 (1.49-5.02)

Totals 94 39

CI, 95% confidence intervals.




a) Note that the authors did not follow our convention with regard to the columns of the table; they put the D- column on the left.  However, they did follow our convention of ordering the rows from most abnormal to least abnormal result.  Therefore, you can look at the reported likelihood ratios and, without doing any calculations, see that something is wrong.  What? 1pt
The likelihood ratios go from 0.36 for the MOST abnormal result to 2.75 for the LEAST abnormal result.  This doesn’t make sense.  A more abnormal result should increase the odds of disease.  (As we will see, somehow “Stratum-specific likelihood ratio” column was inverted.)

b) Create your own table using the same data, but with the correct likelihood ratios.

1pt
	
	Septic Arthritis
	

	CRP (mg/dL)
	D +
	D -
	

	>10.4
	16
	14
	2.75

	5.0 - 10.4
	10
	17
	1.42

	1 - 4.9
	9
	36
	0.60

	<1.0
	4
	27
	0.36

	
	39
	94
	


Somehow the likelihood ratio column got turned upside down in the published table.

c) A 2-year-old is brought in by parents with fever, fussiness, decreased appetite, and unwillingness to walk.  Your exam reveals a temperature of 38.6 and significant pain and decreased internal rotation in the right hip. There is no other source for the fever and x-ray of the right hip is equivocal.  Your pre-test probability of septic arthritis is 50%.  Calculate your post-test probability if the CRP was less than 0.9 mg/dL. 1pt
Pre-test Probability= 0.5

Pre-test Odds = 1

Likelihood Ratio of CRP < 1.0 = 0.36

Post-test Odds = Pre-test Odds x LR = 0.36

Post-test Probability = 0.36/(1+0.36) = 0.26

d) As suggested by the article, the gold standard test for a septic hip is arthrocentesis.  If the child has a septic hip and you fail to diagnose (and treat) it immediately, he could develop leg-length discrepancy, persistent pain, limited range of motion and ambulation, and aseptic necrosis of the femoral head.  Would a CRP help with the initial management of this child? 2pt
No.  Even a CRP less than 1 mg/dL would leave you with a post-test probability of 0.26.  Considering the potential morbidity of a delayed diagnosis, this is too high, and you should just go straight to the arthrocentesis.  (In addition, children with fevers usually don’t have low CRPs!)

Using the intervals reported here, CRP is not a very good test for septic arthritis.  The most abnormal interval (>10.4) has an LR of only 2.75.  However, we phrased the question the way we did (focusing on initial management), to leave open the possibility that the CRP might be helpful for monitoring the course of the disease.
9. New Problem PIOPED II and V/Q Scans

A paper in Radiology (6) reported on the accuracy of V/Q scans done as part of the larger PIOPED II study 


(7) ADDIN EN.CITE  on diagnosing PE.
The authors’ Table 2 reported the following results:

	V/Q Scan Result
	Pulmonary Embolism

	
	Present
	Absent

	High Prob
	89
	13

	Intermediate Prob
	47
	105

	Low Prob
	6
	83

	Very Low Prob
	24
	391

	Normal
	2
	150

	
	168
	742


The authors did not calculate likelihood ratios or plot an ROC curve, but we did.
	V/Q Scan Result
	Pulmonary Embolism
	

	
	Present
	Absent
	LR

	High Prob
	89
	53.0%
	13
	1.8%
	30.24

	Intermediate Prob
	47
	28.0%
	105
	14.2%
	1.98

	Low Prob
	6
	3.6%
	83
	11.2%
	0.32

	Very Low Prob
	24
	14.3%
	391
	52.7%
	0.27

	Normal
	2
	1.2%
	150
	20.2%
	0.06

	
	168
	
	742
	
	910
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a) Label the points on the ROC curve.  For example, one point corresponds to the 1- specificity and sensitivity of treating any result equal to Intermediate Prob or worse as “positive” for PE.  Label this point “≥ Intermediate.” 2pt
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b) The authors felt that 5 result categories are too many, so they collapsed (combined) some of the categories.  (See Part c below.)  Based on the LRs and the ROC curve, which categories would you combine and why? 2pt
The data are much more amenable to being divided into 4 categories than 3 categories, as the authors did.  (See the next part.)

	V/Q Scan Result
	Pulmonary Embolism
	

	
	Present
	Absent
	LR

	High Prob
	89
	53.0%
	13
	1.8%
	30.24

	Intermediate Prob
	47
	28.0%
	105
	14.2%
	1.98

	Low and Very Low Prob
	30
	17.9%
	474
	63.9%
	0.28

	Normal
	2
	1.2%
	150
	20.2%
	0.06

	
	168
	
	742
	
	910


Combining the Low and Very Low categories is a no-brainer; they have almost identical LRs and you lose almost no discrimination (AUROC).  

The following figure compares this approach to the authors’ approach.

	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


Combining Low Probability with Intermediate Probability (as “Uncertain”) and Very Low Probability with Normal (as “Negative”) reduces discrimination and the area under the ROC curve (AUROC) compared with combining Low Probability with Very Low Probability. 

The authors actually combined the results as follows:

	V/Q Scan Result
	Pulmonary Embolism
	

	
	Present
	Absent
	LR

	Positive = High Prob
	89
	53.0%
	13
	1.8%
	30.24

	Uncertain = Intermediate and Low Prob
	53
	31.5%
	188
	25.3%
	1.25

	Negative = Very Low Prob and Normal
	26
	15.5%
	541
	72.9%
	0.21

	
	168
	
	742
	
	910


The study’s abstract reads as follows:

“With the exclusion of patients with intermediate or low probability, the sensitivity of a high probability (PE present) scan finding was 77.4%, while the specificity of very low probability or normal (PE absent) scan finding was 97.7%.”

c) Show how the numbers in the table above result in the authors’ reported sensitivity and specificity. 2pt
They excluded the subjects with “Uncertain” results.  

	
	Present
	
	Absent
	

	"Positive"
	89
	77.4%
	13
	2.3%

	"Negative"
	26
	22.6%
	541
	97.7%

	
	115
	
	554
	


d) Your patient has a 1/5 (20%) probability of PE.  The patient cannot have a CT angiogram, so you obtain a V/Q scan and it comes back normal (not “Low Prob,” not “Very Low Prob,” but “Normal”).  You are willing to forego further workup if the patient’s post-test probability is less than 1/25 (4%).  Should you forego further workup? (You may use any of the information and any of the LRs presented anywhere in this entire question.) 2pt
The correct LR to use is 0.06 from the second table in this question.

Pre-test prob: 1/5

Pre-test odds:1/4 

Post-test odds: 1/4 × 0.06 = 0.015

Post-test prob: 0.015

So in this case you would forgo further workup.

If you used 0.23 (based on the authors’ reported sensitivity and specificity) or 0.21 as reported using the authors’ “negative” group that combines normal with very low probability scans, you probably get a post-test prob around 5% and might do further testing.

10. Keller et al


(8) ADDIN EN.CITE  compared Troponin I ultra with standard Troponin T for the emergency department (ED) diagnosis of acute myocardial infarction (AMI).  This problem focuses on standard Troponin T.  Figure 3 in the Supplementary Appendix shows 4 ROC curves for Troponin T.  The 4 ROC curves are for the Troponin T level on ED arrival (admission), the level at 3 hours from arrival, the level at 6 hours from arrival, and the difference between the 0- and 3-hour levels.
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Parts (a)-(d) focus on the red ROC curve for Troponin T at admission. (If you are reading this in black and white, it is the lowest ROC curve in the figure.)

a) What proportion of the D+ patients (the patients ultimately determined to have AMI), had undetectable levels of Troponin T on arrival in the ED?  (Hint: remember the walking man starts at the origin with the highest test result in the sample.  What will his path be like when he gets to undetectable troponin levels?) 1pt
Accept any answer between 25% and 30%.
If you remember the walking man approach, you can see that the rising part at the left part of the ROC curve is where the cutoff for considering a troponin test positive is slowly decreasing, picking up more D+ patients at the cost of falsely labeling a few D- patients.  Then abruptly the ROC curve becomes a long diagonal line. Recall the walking man walks diagonally when there is a tie.  So he must have hit 1) the lowest value of any D+ or D- person in the dataset that 2) about 25-30% of the D+ have and about 5% of the D− patients have.  This must be where the Troponin T was undetectable.
b)   What proportion of D- patients (the patients ultimately determined NOT to have AMI), had detectable levels of Troponin T on arrival in the ED? 1pt
Accept anything between 5% and 10%.  (See above.)
c) What is the LR for MI associated with an undetectable Troponin T on arrival to the ED? 1pt
Recall the slope of the ROC curve is the LR. Accept anything between 0.25 and 0.35.
d) Your ED patient has a 10% chance of AMI, and you are willing to send him home if you can get that to less than 2%.  His Troponin T, drawn on arrival, is undetectable.  Can you send him home? 2pt
No.  10% ( 1/9  × 0.3 = .033333 ( 0.032.  No reasonable LR estimate will result in a post-test probability less than 2%.
Parts (e) - (g) refer to the black ROC curve which has a funny shape compared to the others.  This is the ROC curve for the difference between the 0- and 3-hour levels, i.e. Level at 3 hours – Level at arrival.

e) What proportion of D+ patients (those who were assigned a diagnosis of AMI) had a high initial Troponin T that decreased by the 3-hour draw?  1pt
This is a hard one.  This ROC curve has two parts where the slope is >1.  We know that Troponin T usually rises in patients with AMI over the first several hours, not just from clinical background but also because the ROC curves for Troponin T show increasing sensitivity with time.  So the initial steeply rising part of the curve must represent the majority of D+ patients whose Troponin T is rising.  Then the ROC curve has a long, almost flat, segment.  The fact that it is diagonal and almost flat suggests that there are a lot of people who had this exact value and it was very reassuring, so this must be where Troponin T was undetectable. Finally, the curve goes up again.  So this must be where the troponin went down between zero and 3 hours.   
Accept 10-15%.  
f) What proportion of D+ patients had an initial Troponin T that increased by the 3- hour draw? 1pt
For reasons above, this would be all of the other  D+ patients who ever had a detectable Troponin T  ≈ 85%.  (This is the value for sensitivity at the point where the curve turns right.)
g)  Give a one-sentence interpretation of the long flat part of the ROC curve for the 0- to 3-hour difference. 1pt
As described above, this must be where more than 90% of the D- patients had undetectable Troponin T at both 0 and 3 hours.

AUROC = .876








� “Positive” arthrocentesis defined as positive synovial fluid culture or a synovial fluid WBC count > 50,000 cells/mm3 with > 75% polymorphonuclear leukocytes.








