Epi 204 -- Problem Set #6
[bookmark: _GoBack]Chapter 7 Problems  (Multiple Tests) [34 27 points]
Answer Key
Due 10/31/2019  1 pm
Do problems #1 – #4 below. 
You may use whatever tools you like, including Excel, an online calculator, and Stata.  But please respond clearly and directly to the questions.
Collaboration with your classmates is fine, but answer the question in your own words and acknowledge your colleagues.

1. Kawasaki Disease. [7 points]
Kawasaki disease is an acute febrile illness in children of unknown cause that includes a rash, conjunctivitis, inflammation of mucous membranes of the mouth, swollen lymph nodes and swelling of hands and feet.  Affected children are treated with intravenous immunoglobulin (IVIG) to prevent coronary artery aneurysms, the most serious complication of the disease.  Using data from the intervention groups of two randomized controlled trials of IVIG, Beiser et al(1) developed an instrument to predict which children with Kawasaki disease would develop coronary artery aneurysms. The predictive instrument they developed is shown below:
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From Figure 1. Beiser AS, et al.  Am J Cardiol. 1998 May 1;81(9):1116-20. Note: Neutrophils (also known as polymorphonuclear leukocytes) are one kind of white blood cell.  Bands are immature neutrophils.  “Neutrophils < 0.5” means that, based on the white blood cell count differential, less than 50% of the white cells are neutrophils.  “Bands/neutrophils < .5” means that, of all the neutrophils, fewer than 50% are bands.


a.)  At first it might look like Figure 1 was created with classification tree software, such as the rpart routine from the statistical package R.  What are at least 2 features of the figure that suggest it was not simply the product of classification tree analysis? [2]

While there is some superficial resemblance to a tree from a routine like rpart, several features are not consistent with standard classification tree analysis.  First, in a classification tree, each box that leads to branching asks only a single question. The first two boxes in the figure both ask compound questions.  Second, the structure of a standard tree does not include branches reuniting, as they do in this figure.  Finally, the cut points for neutrophils, bands, hemoglobin, platelets and temperature are all round numbers.  The software selects the best cutoffs for continuous variables, which usually are not round numbers.  If the investigators divided the continuous range into intervals with round-number boundaries, then round-number cutoffs like the ones shown here will result.

b.)  Assume you are treating a child like those included in the study.  His initial complete blood count shows a hemoglobin of 11.2 g/dL, 600,000 platelets and 13,000 white blood cells/mm3, with 8,000 (61.5%) neutrophils of which 1,000 (1000/8000 = 12.5%) are bands.  (Neutrophils = 0.615 ; Bands = 0.125; Hemoglobin 11.2; Platelets 600 ×103.) On day 2 of the illness his temperature is 38.1 C.  Would you classify him as high- or low-risk ? [1]

	He would be classified as high risk

c.) Now imagine a patient with <50% neutrophils of which <50% are bands, so he bypasses much of the figure and is at low risk regardless of his hemoglobin or temperature on day 2.  Does this mean you don't need to treat him with IVIG?  (Why or why not?) [2]

The decision rule does not help with the decision to give IVIG because the patients used for this decision tree all were treated with IVIG.  Though none of the kids in the study in this risk group developed an aneurysm (0/123), you don’t know what would have happened if they had not received IVIG.

d)	In a study such as this, it is important that the clinical prediction rule be validated on a group of patients separate from the group used to derive it.  The abstract of the study states:
 "The instrument was validated in 3 test data sets…[it] performed similarly in the 3 test data sets; no patient in any data set classified as low risk developed coronary artery abnormalities."

However, the methods section states:
"We developed many such [sequential classification] processes, each using a different combination of risk factors…Instruments that performed well on the development data set were validated using each of the 3 test data sets."
Is there a problem here?  If so, what is it and how would it affect the results? [2]

Yes, there’s a problem.  The investigators tested many different classification schemes on the validation sets, then picked the one to publish that did the best.  This is subtly apparent by the plural “instruments” in the methods section.  It is fine to test many different combinations of variables on your derivation set until you come up with a combination that performs the best.  But then, you should take that ONE “best fit” and test it in your validation set to see how it does.  If you test many possible decision rules in both your derivation set and validation sets and report the one that did best in both, then essentially all you’ve done is develop the rule in one big derivation set, and the predictive accuracy is likely to have been inflated by overfitting.


2. NEW Wells Score and D-Dimer for PE (Ch07.07) [10 points]
Recall from problem 3.3 that a pulmonary embolism (PE) is blood clot in the lungs.  A PE typically occurs when a blood clot that formed in a leg or pelvic vein breaks off and ends up in the lungs.  This can cause shortness of breath, chest pain, low blood pressure, and death.
For the purposes of this problem, assume that computed tomographic pulmonary angiogram (CTPA) is a perfectly accurate test for PE, but we can’t obtain a CTPA on every emergency department (ED) patient who has a slight possibility of PE; a CTPA involves ionizing radiation, exposure to intravenous contrast, and ties up an imaging resource that may be needed by other ED patients.  Assume that the risks and harms of a CTPA outweigh the benefit of identifying a PE when the probability of PE < 3% .(2)  We will consider two tests to help decide whether to obtain a CTPA on a patient with symptoms possibly suggestive of PE: 1) the simplified Wells Score, and 2) the plasma D-Dimer level, which we met in problem 3.3.  

For the purpose of this question, you only need to know that the Wells score stratifies patients into
low-, moderate-, and high-risk groups.  Here are data on the prevalence of PE in 6013 patients in different Wells Score groups.(3)

	Wells Risk Group
	Wells score Range
	PE+
	PE-
	Total
	P(PE|r)

	Low
	< 2
	229
	2513
	2742
	8.4%

	Moderate
	2-5
	586
	2220
	2806
	20.9%

	High
	> 5
	232
	233
	465
	49.9%

	
	
	1047
	4966
	6013
	17.4%



Recall D-Dimer is a protein that appears at higher levels in the blood when the body’s clotting system is activated, so higher values are more suggestive of PE.  Data from the same 6013 patients fit the interval likelihood ratios (iLRs) in this table surprisingly well.

	D-Dimer (ng/ml)
	 

	
	Approximate     iLR

	< 250
	1/16

	250 - 499
	1/8

	500 - 749
	1/4

	750 - 999
	1/2

	1000 - 1499
	1

	1500 - 2499
	2

	2500-4999
	4

	≥5000
	8



Assume that the Wells Score and the D-Dimer are independent conditional on PE+/PE.

a) For patients like those in this dataset, what is the probability of PE in a patient with a low-risk Wells Score and a D-Dimer 750-999? [1]

Answer: The prior odds based on the low-risk Wells score would be 8.4%/(100%-8.4%) = 0.091.  We multiply by the LR of 1/2 to get posterior odds of 0.0456, and posterior probability of 0.456/1.0456 =  0.0436.

b) What if the Wells Score is still low-risk but the D-Dimer is 500-749? [1]

Answer: In this case the post test odds would be 0.091*1/4 = 0.0228, so post test probability would be 0.0228/1.0228 = 0.0223

c) Based on (a) and (b), what is the D-Dimer threshold for getting a CTPA in a patient with a low-risk Wells Score? [2]
Answer: If the D-dimer level is <750 ng/mL and the patient has Wells score in the low-risk group, then the post-test probability of 0.0223 will be less than our 3% threshold for getting a CTPA.  If the D-dimer is ≥ 750 ng/mL, then the post test probability will be 4.36%, which is more than our CTPA threshold.  So the D-Dimer threshold is 750 ng/ml.

d) What is the D-Dimer threshold for getting a CTPA in a patient with a moderate-risk Wells Score? [2]

Answer: The moderate risk Wells score gives a pretest probability of 20.9%, so pretest odds of .209/(1 .209) =0.264.  If the D-Dimer is 250499 ng/mL, the LR of 1/8 will get the post-test odds down to 0.264/8 = 0.033, for a post-test probability of 0.033/1.033 = 3.2%.  This is not quite below our threshold of 3%, so our D-Dimer threshold will need to be no CTPA if the D-Dimer is <250 ng/ml.

e) What is the D-Dimer threshold for getting a CTPA in patient with a high-risk Wells Score? [2]

Answer: With a high risk Wells Score, the pretest probability will be 49.9%, so pretest odds will be about 1 and even with the most reassuring D-Dimer level of < 250 with an LR of 1/16, the post-test odds will be 1/16.  The corresponds to a posttest probability of 1/17 = 5.9%, which is still above our PTCA threshold.  So no D-Dimer is reassuring enough to forgo CTPA.  (So no need to send it!)

f) You have just derived a decision rule for obtaining a CTPA in an ED patient with symptoms suggestive of PE that uses Wells Score and D-Dimer level.  Summarize the rule in words, a table, or a tree diagram. [2]

Wells Score High Risk?   CTPA
Wells Score Moderate Risk?  D-Dimer  > 250?  CTPA
Wells Score Low Risk?  D-Dimer  > 750?  CTPA


Decision rule graphics by students: PSet 6, Q2.f. Wells decision rule example from Kerstin’s section:

Nico Arger:
[image: ]


Teresa Kortz:



3. Follow on to NEW Wells Score and D-Dimer for PE (Ch07.67) [6 points]
If necessary, review Ch07.07 for background on pulmonary embolism (PE), the simplified Wells Score, and the plasma D-Dimer level.  A risk prediction model combines Wells Score and D-Dimer to produce the following PE risk estimates:

Risk Predictions
	
	Wells Risk Group

	D-Dimer (ng/mL)
	High (> 5)
	Mod (2-5)
	Low (<2)

	1000 +
	75.0%
	40.0%
	20.0%

	500 - 999
	33.3%
	10.0%
	4.0%

	<500
	5.0%
	1.0%
	0.4%




Data from 6016 individuals yielded the following proportion with PE:

Observed Proportions with PE
	
	Wells Risk Group

	D-Dimer (ng/mL)
	High (> 5)
	Mod (2-5)
	Low (<2)

	1000 +
	211/351 = 60.1%
	507/1288 = 39.4%
	198/855 = 23.2%

	500 - 999
	16/81 = 19.8%
	67/647 = 10.4%
	29/662 = 4.4%

	<500
	5/33 = 15.2%
	12/871 = 1.4%
	2/1225 = 0.2%





Here is the standard calibration plot:





a) Which point on the calibration plot corresponds to High Wells Risk Group and D-
dimer < 500 ng /mL.  (Circle on the plot above.) [1]

See above.


b) Assume as in Problem 7.7 that these risk estimates are used to guide CTPA, and the threshold probability for obtaining a CTPA is 3% .  What combinations of Wells Risk Group and D-Dimer interval will allow us not to get a CTPA.  (Base this on the estimated risk, not the observed proportion with PE.) [2]

Answer: Moderate Wells Risk and D-Dimer < 500 (Estimated risk = 1.0%)
	  Low Wells Risk and D-Dimer < 500 (Estimated risk = 0.4%)
	
c) In which risk category (combination of Wells group and D-Dimer interval) if any would miscalibration present a significant problem. Explain your answer. [2]

Answer: None.  Predicted risks are > 3 % when actual proportion with PE is > 3%.  The risk category in which predicted risk is closest to the threshold risk is Low Wells / D-Dimer 500-999 where predicted risk = 4% .  Based on predicted risk, you would obtain the CTPA and, in fact, this risk estimate is close to the actual proportion 4.4%, so this risk estimate is well calibrated.  However, if you answered that this was the risk group most likely to present a problem because it predicted risk is closest to the threshold, then we will give you full credit.

New question suggested by Adrian’s section.

Now assume the risk model is used to guide a much riskier and expensive “treatment” than getting a CTPA and your decision threshold probability is 6% instead of 3%.  Which risk category (combination of Wells group and D-Dimer interval) if any would miscalibration present a significant problem. Explain your answer. 

Now the combination of High Wells Risk and D-Dimer < 500 would lead to withholding treatment (predicted risk = 5%, which is < 6%, when the observed proportion with the outcome = 15%, which is > 6 %.


Here is the ROC Curve based on estimated risks:


d) In (a) above, you identified the point on the calibration plot corresponding to High Wells Risk Group and D-dimer < 500 ng /mL.  Which segment on the ROC curve corresponds to that point on the calibration plot?  (Circle it above.) [1]

See above.  It has to be 4th from the R-top because it is the 4th-most normal result.  It is also the shortest segment because there were only 33 subjects in this risk group.

7.5  Maternal age and Trisomy 21 in San Francisco and South Dakota [4 points]
The age at which women first give birth has been increasing in the United States, in some places more than others.  According to the New York Times,(4) our home town of San Francisco has the distinction of having the oldest first-time mothers in the US, at an average age of 32 years.  The youngest first-time mothers in the U.S. are in Todd County, South Dakota with an average age of 20 years.  
As was previously mentioned, maternal age is a strong risk factor for Trisomy 21 (Down syndrome).  Assume that the association between maternal age and Trisomy 21 illustrated in Figure 7.10 applies in both San Francisco and Todd County.   For simplicity, let's dichotomize maternal age at 35 years.  You are trying to estimate the likelihood that a fetus of a first-time mother has Trisomy 21.  How would you expect the LR+ for the mother being over 35 years old to differ in San Francisco compared with Todd County, South Dakota?  Explain. [4]

Answer:  We'd expect the LR+ to be lower in San Francisco.  Like the locations with a high prevalence of uncircumcised boys, a causal risk factor for UTI (Box 7.3), San Francisco has a higher prevalence of older mothers, a causal risk factor for Trisomy 21.  So we would expect the pretest odds of Trisomy 21 to be higher in San Francisco, due to the average older age of the mother.  If we find out a mother in San Francisco is > 35 years old, it's less surprising and we don't learn as much, so the posttest odds won't the that much higher than the pretest odds.  Thus, the LR+ for being > 35 years old in San Francisco should be lower than the corresponding LR+ in South Dakota, where a 35-year-old first-time mother is much more unusual.  This is a situation in which using LR to update a pre-test probability isn’t really appropriate.  Use the odds ratio. 

Numerical Example:
Assume “> 35” occurs in 40% of SF’s 1st time mothers and only 5% of Todd County’s.
P(D+|>35) = 0.02,  P(D+|<=35) = 0.002.  
SF P(D+) = 0.9%
Todd County P(D+) = 0.3%
Since P(D+|>35) has to be 0.02 in both places, 
LR(>35) in SF ≈ 0.02/0.009 = 2.2
LR(>35) in  ≈ Todd County = 0.02/0.003 = 7.0
With test results caused by D+, we can often assume P(T+|D+) (sensitivity) is constant and independent of pre-test probability.  We can use LR(+).
With strong causal factors for D+, we can often assume P(D+|R+) (PPV) is constant.  Then pre-test probability depends on the proportion with R+.  We cannot use LR(+).

	SF First Time Mothers
	
	
	

	
	Tri 21
	No Tri 21
	Total
	Odds
	Prob

	> 35
	80
	3920
	4000
	0.020
	2.0%

	<= 35
	12
	5988
	6000
	0.002
	0.2%

	
	92
	9908
	10000
	0.009
	0.9%

	
	
	
	
	
	

	LR Table
	Tri 21
	No Tri 21
	LR
	
	

	> 35
	87%
	40%
	2.20
	
	

	<= 35
	13%
	60%
	0.22
	
	

	
	
	
	10.2
	
	

	Todd County, SD, First Time Mothers
	
	

	
	Tri 21
	No Tri 21
	
	Odds
	Prob

	> 35
	10
	490
	500
	0.020
	2.0%

	<= 35
	19
	9481
	9500
	0.002
	0.2%

	
	29
	9971
	10000
	0.003
	0.3%

	
	
	
	
	
	

	LR Table
	Tri 21
	No Tri 21
	LR
	
	

	> 35
	34%
	5%
	7.02
	
	

	<= 35
	66%
	95%
	0.69
	
	

	
	
	
	10.2
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