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Exam 3
April 10, 2008

The exam consists of 10 questions.  Show all work to receive credit.  Clearly organize your work and draw a box around your final answers.  NEATNESS COUNTS!  Good Luck!

Problem 1 (12 pts):
  






Problem 2 (10 pts): 







Problem 3 (10 pts): 







Problem 4 (10 pts):
 






Problem 5 (10 pts):
 






Problem 6 (10 pts): 







Problem 7: (14 pts)







Problem 8: (11 pts)
 






Problem 9: (13 pts)
 






Extra Credit (10 pts)
 






Total (100): 








Extra Credit: You will receive 10 pts extra credit if you attend Chris Crane’s talk on April 16, 2008 at 6 PM. Make sure to get RRK’s signature after the talk to get credit.
PROBLEM 1: Cost-effectiveness of Screening

a. What is a QALY? (2 pts)

Quality adjusted life year
b. How much is the US health care system willing to spend to gain one QALY?  How does this vary in developing countries? (3 pts)

For US: $150,000 (answers $20,000-150,000 accepted).  (1.5 pts). 

Developing countries: cost-effective is <3x GDP per capita. (1.5 pts)
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c. Draw and label a graphical representation of health policy space.  In which quadrant of the graph would the following interventions be located?(5 pts)

i. Measles vaccinations for children

ii. Antiretroviral drug therapies for HIV infected patients

iii. Screening all women for ovarian cancer using serum CA125 levels 
(i) improves health, save money

(ii) improves health, costs money
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amount to gain one QALY is < 3 x per capita GDP

improves health, costs money  (worsens health also accepted, because the low sensitivity of the test could be considered harmful)

d. Would these three interventions be considered cost-effective in the US?  In Lesotho?  Justify your answer. (2 pts)

For US, (i) and (ii) are cost effective, (iii) could be either. 

For developing countries, (i) is cost-effective, although possibly unavailable. (ii) is probably not cost-effective because income is so low. (iii) is definitely not cost-effective. 
PROBLEM 2: (10 pts)
Cardiovascular disease (CVD) is a major cause of adult mortality in the US.

a. What are the two major forms of cardiovascular disease (CVD) and which form is more common in the US? (2 points)
Ischemic heart disease (heart attack) and Cerebrovascular disease (stroke) are the two major forms.  Ischemic heart disease is more common, in fact it is the leading cause of death in the US.  For older people (59+), stroke is almost as deadly and is the second leading cause of death.

b. Name three factors that increase the risk of CVD. (3 points)
Any of the following three:

a. Tobacco use 

b. Low levels of physical activity

c. Inappropriate diet and obesity 

d. High blood pressure 

e. High cholesterol 

c. Name a major screening tool for CVD commonly performed during a routine physical.  Describe the test and its outcome, specifying what levels indicate high risk of CVD or disease progression. (5 points)

Blood pressure test (recommended annually) or cholesterol test (at least once every 5 years).

Blood pressure – Place the pressure cuff of the sphygmomanometer around the upper arm and increase pressure (in excess of systolic) to collapse the brachial artery.  Place stethoscope over the brachial artery at the medial antecubital fossa and begin to deflate the cuff.  Appearance of the first Korotkoff sound indicates turbulent flow within the artery and approximates systolic pressure.  The onset of silence (defined as fourth korotkoff sound) indicates the artery is no longer compressed, approximating diastolic pressure.  Normal blood pressure is <120/80 mmHg, and hypertension is defined as blood pressure above 140/90 mmHg.
Cholesterol testing – blood is collected and the values of HDL, LDL, total cholesterol, and (usually) triglycerides are provided.  In healthy individuals the total cholesterol will be under 200mg/dL, with LDL (“bad” cholesterol) levels below 100mg/dL and HDL (“good” cholesterol) in excess of 60mg/dL.  Triglyceride levels should be below 150.  Abnormal total cholesterol levels exceed 240mg/dL, LDL >160mg/dL, and/or HDL <40mg/dL with triglyceride levels > 200.
PROBLEM 3: (10  pts)

a. Please describe, step-by-step the pathological processes or sequence of events that occurs in arteries and other areas of the body typically leading to stroke/heart attack:  (some of the steps may be similar for part a & b)

a. A stroke

b. A heart attack

a. Atherosclerotic plaques build up in arteries over the course of a lifetime

b. Endothelial cells cover this plaque to prevent its exposure to the bloodstream

c. When a plaque ruptures platelets get activated and begin to aggregate or clot around the rupture in a thrombus

d. If the thrombus grows too big it will occlude blood flow.  If this happens in a coronary artery, oxygen can’t be delivered to the working heart tissues and it undergoes ischemia and eventually infarction (heart attack)

e. Alternatively, a thrombus can dislodge, become and embolus, and travel to distant locations in the body.  If it lodges in a vessel in the head or neck, areas of the brain may be deprived of oxygen resulting a cerebrovascular event (stroke).

b. What are some of the steps you must take to become an organ donor?  Which is the most important step?

Steps include:

a. Speak with your family about your decision to donate. 

b. Sign a uniform donor card, and have two family members sign the card as witnesses

c. Carry the card in your wallet.  

Speaking with your family is most important because in the event of death, health professionals will ask your family for consent to donate your organs regardless of what is on the card.  

PROBLEM 4: (10  pts)

A patient who has previously been informed of her elevated risk of heart failure comes for an appointment complaining of tiredness and the feeling her heart is racing.  Her cardiac output is normal at 4 Liters/min, but sure enough her heartbeat is elevated to 110 beats per minute.
a. What is her stroke volume? (2 points)
CO=HR*SV, so SV=36.4 mL.

b. Assuming her left ventricle’s end diastolic volume is 95 mL, what is her ejection fraction? (2 points)
EF=SV/EDV, so EF=38.3 %.

c. What does this ejection fraction value suggest to you about her condition? (3 points)
This is an abnormal ejection fraction.  It is less than 40% indicating the patient has heart failure.  More specifically she can be classifies as having stage C heart failure, with an EF < 40% and current symptoms (fatigue and a fast heartbeat).

d. Why do physicians focus on quantifying the efficiency of the left side of the heart over the right side? (3 points)

Most of the force required to pump blood to the tissues is supplied by the left ventricle.  The right side of the heart pumps to the lungs.  The left side of the heart pumps to the rest of the body.  
PROBLEM 5: (10  pts)

A person dies of cardiovascular disease-related causes every 33 seconds. While the overall rate of heart disease in the US has shown a promising decline in recent years, one type of heart disease, heart failure, is on the increase. Patients with milder forms can be treated with a number of medications. However, patients with more advanced disease have few options.
a. List three treatment options that can be used in patients with advanced heart failure. (3 points)
Patients with heart failure can get a heart transplant, a heart assist device such as an LVAD (left-ventricular assist device), or a total artificial heart.

b. Provide at least one advantage and disadvantage for each approach? (7 points)

Any of the following are acceptable:

a. Transplant:

A new biological organ is implanted, which is the best mimic of your own heart.

Organs are not readily available.  Surgery and recovery are extensive.  Rejection is a serious concern.

b. LVAD:

The heart muscle may be able to recover enough to downgrade the stage of heart failure by letting the muscle relax while the LVAD does the work.

Failure of this device is not catastrophic, and they are relatively small.

They have both external and internal components, so tubes or wires protrude from the body.

They are not FDA approved except as a bridge-to-transplantation device

b. Total artificial heart:

Entirely self-contained, a total artificial heart completely replaces a diseased heart.  May seriously prolong the life of terminally ill patients.

Large devices, only fit in men.

Only approved for end-stage therapy.

May not last for more than few years once implanted.

Failure of the device is catastrophic.

New technology that may not prove to be a great benefit over time.

PROBLEM 6: (10  pts)

A 75 year old male presents with symptoms of a myocardial infarction (heart attack) that have been persisting off and on for about 24 hours.  An angiogram is performed and shows an extensive occlusion of a coronary artery.  The cardiologist decides intervention is necessary.
a. Why was this patient not treated with thrombolytic drugs? (2 points)
Thrombolytic drugs are not an option for this patient since he is too old and his symptoms have been present for more than a few hours.

b. Select one of the treatment options we discussed and why it is a good choice for this patient over the other methods. (8 points)

The remaining treatment options include:


Percutaneous Transluminal Angioplasty (PCTA)


Stent or drug-eluting stent


Coronary artery bypass graft (CABG)

Reasons for and against the treatment options are listed below:

Angioplasty: can be done in combination with the angiogram, the hospital stay is short, and the cost is relatively low.  However, the rate of restenosis is high, and fixing a single vessel does not always ensure prevention of further heart attacks, so it is probably not the best choice

Stent: can also be done in combination with the angiogram, the hospital stay is short, restenosis rate is still lower than angioplasty but higher than CABG.  A drug-eluting stent may help with restenosis.  The cost of a typical stent is a bit higher than angioplasty bust still less than CABG.  With a drug eluting stent, however, the cost may be comparable.

CABG:  very invasive surgery.  The hospital stay is long, with rehabilitation necessary.  The cost is very high.  However, restenosis is not a major problem and graft vessels can last for many years.  May also have some donor site morbidity from area where vessel was removed.

Note with both angioplasty and stents repeat procedures may be necessary due to restenosis, and the cost of these additive procedures can make them equal to bypass.

PROBLEM 7: Clinical trials and sample size calculations, 14 pts
a)  What are the two types of error you can make while conducting a clinical study and what do they mean?  What is the consequence of making each type of error. (4 pts) 

Note:  You do not necessarily have to correctly identify which type of error is which.
Type I: We mistakenly conclude there IS a difference, when there is not

Consequence: A bad technology gets out.

Type II: We mistakenly conclude there IS NOT a difference, when there is.

Consequence: A good technology is not adopted.

b)  You are planning to conduct clinical trials of a new vaccine for tuberculosis.  You know from preliminary results that about 80% of patients respond to your new treatment, while only about 50% of patients respond to conventional treatment.  You have decided that a 10% chance of type II error (β) is acceptable.  How many patients should be included to ensure the chance of type I error occurring is 5%?  How many should be included for a 1% chance? (6 points)
Use the following formulas and the chart on the next page to calculate your answer:
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Power = 1 – β = 1 – 0.10 = 0.90
pbar = (0.8 + 0.5)/2 = 0.65
Std. Diff. = (0.8 – 0.5)/sqrt(0.65(0.35)) = 0.629
For p = 0.05, n will be around 100
For p = 0.01. n will be around 150
c)  What would happen if you were only able to recruit 50 patients to the study?  How would this affect the way you reported the data?  If you still wanted a significance of 0.05 (p-value), what would the power of the study be, and what does this mean? (4 points)
Recruiting a smaller number of patients means that the results of the study can be reported with less certainty by lowering the power of the study. Since standardized difference is constant, a new line on the chart (dotted) shows that the line from the standardized difference (0.629) through the 50 patient mark for p = 0.05 will yield a power of about 0.60.  This means that the study has a 40% chance of mistakenly concluding that the treatment is ineffective, when in reality it is.
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PROBLEM 8: Diffusion of technology (11 pts)
a) Contrast the rate of diffusion of the following two innovations: vitamin C to prevent scurvy in sailors, and laparoscopic cholecystectomy. (2 pts)

Rate of diffusion was slow for Vitamin C and its use to prevent scurvy in sailors. There were over 200 years between the first known positive study results.

In the three years after its inception the rate of cholecystectomies done laparscopically rapidly increased as well as the rate of actual surgeries due to better communication and early adopters who began to use the surgical technique early 
b. What is the role of the early adopter in technology diffusion? (2 pts)

The majority are looking to them for the next high impact technology – without them the bridge between the innovators and the majority of consumers (in this case physicians) would be unmet and technology would not diffuse as quickly

c. What qualities in a product are early consumers looking for? (2 pts)

Early consumers consist of the innovators and early adopters – they are typically looking for technology and performance of a new invention

d. What qualities in a product are the majority of consumers looking for? (2 pts)

The majority of consumers are looking for mass implementability. They want solutions and convenience – they want technology that can be used at a lower cost and be used by many more people.

e. List and describe three strategies that can speed up diffusion (3 pts)
(Any of these three would work)

· Find sound innovations – fund and support innovations that are high impact, involve good science and has the enough of a public need. 

· Find and support innovators – fund and support innovators with a track record for success,  and good science

· Invest in early adopters – Find leaders in the field to champion promising new technologies

· Make activity of early adopters visible – Create avenues in which the early adopters can actually meet with the majority 

· Trust and enable reinventions – Understand that innovators and early adopters may change inventions based on their usage. Being receptive to those changes can really impact how well your technology diffuses

· Create room for change – give people the time, support, and energy to support new ideas

· Lead by example: inventors and consumers have a responsibility to adopt technologies that they truly feel are impactful, whether its their own technology or others’

PROBLEM 9: FDA approval of drugs and medical devices (13 pts)
a) What are the two major responsibilities of the Food and Drug Administration for both drugs and devices? (2 pts)
Ensure safety and effectiveness

b) Describe the sulfanilamide incident in 1937. Which law was enacted shortly after this incident? (2.5 pts)
· Sulfanilimide is an antibiotic used for Strep infection – a group in Tennessee dissolved the substance in antifreeze (specifically ethylene glycol) to liquefy it so it would be easier for children to take (as opposed to pills). 137 children died. 

· The Food, Drug, and Cosmetic Act was instituted following that incidence in 1938

c) What is an IND? When is it filed in this process? (2 pts)
Investigational New Drug. Its an application filed when you want to test a new formulation that has been tested preclinically and succeded. You file it before phase 1 trials. 

d. What is an NDA? When is it filed in this process? (2 pts)
New Drug Application – filed after successful phase III trials in order to get approval to go to market

e) In 1976, device amendments were added to the Food, Drug, and Cosmetic Act: Describe the three classes of devices that came out of the amendments and give an example of each class of device. (4.5 pts)
· Class I: 

· Pose least risk to patient, Not life sustaining

· X-ray film, tongue depressors, stethoscopes

· Class II: 

· Not life sustaining, but must meet performance standards

· Blood pressure monitors, Catheter guide wire
· Class III: 

· Pose greatest risk to patient, For use in supporting or sustaining human life

· Stents, heart valves, LVADs
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What is Society’s Threshold Ratio?

		No correct answer

		Common guesses:  

		$20,000-$100,000 / QALY

		Median estimate = about $150,000/QALY

		[Hirth RA, et al.  What should society be willing to pay for a QALY?  Evidence from the value of life literature (abstract).   Medical Decision Making 1999;18:459.]

		What about in developing countries?

		Very cost-effective:

		amount to gain one QALY is < per person GDP

		Cost-effective:

		amount to gain one QALY is < 3 x per capita GDP
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