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The exam consists of 7 questions on 13 pages.  Please note the following ground rules:

· This is an open book, open note exam.  

· The total time to work the exam is 1.5 hours.  

· You are not allowed to consult any people other than the course instructor or TAs regarding questions about the exam.  

· Show all work to receive credit.  Clearly organize your work and draw a box around your final answers.  
· NEATNESS COUNTS!  
Good Luck!
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1. You are designing a study to test a new implantable artificial kidney for patients with end-stage renal disease.  You divide your patients into two groups:  one will receive an implanted artificial kidney, the other will receive triweekly hemodialysis (standard of care in end stage renal disease).  Your primary endpoint is mortality for all causes at one year, a secondary endpoint is patient quality of life at one year, which will be assessed via questionnaire.

a. What is a type I error?  What are the possible consequences of making a type I error in this study?
b. What is a type II error?  What are the possible consequences of making a type II error in this study?

c. Define the p-value.

d. Define power (if you use Greek letters in your definition, you must define these as well)
e. Why would blinding be difficult in this study?
f. Which of your endpoints is more likely to be affected by a lack of blinding?
g. Assuming you expect 30% mortality at one year for the control group and 20% for the treatment group, what sample size would be required to achieve 80% power?  You may wish to use the nomogram below.  What p-value should you use?  Justify this value.
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2.  Cardiovascular disease is the leading cause of death in the US.

h. What are the two major form of cardiovascular disease (CVD) and which form is more common in the US?
i. Name three factors that increase the risk of CVD.

j. Name a major, non-invasive screen for CVD commonly performed during a routine physical.  Describe the procedure for the test and specify levels indicative of CVD progression.

A patent complains of mild chest pain lasting several minutes at time and shortness of breath.  He says that in just the past week the frequency of these symptoms has increased notably.  You order a coronary angiogram and receive the following results.
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k. Describe the procedure used to obtain this photograph and note any abnormalities?

l. Assume that the best films for angiography are acquired if the contrast agent is well mixed in the blood supply.  Assume that this occurs after blood re-circulates 10 times through the body.  The perfusionist tells the x-ray technician that the patient is sedated and has a heart rate of 20 beats per minute.  Estimate total blood volume, assume a slightly lower than normal stroke volume of 50mL, and show a calculation to determine how long the technician should wait before taking the chest x-ray.

m. You, the doctor, tell the patient that his condition will require treatment and explain that he has three options: coronary artery bypass grafting (CABG), percutaneous transluminal coronary angioplasty (PTCA), or stent implantation.  The patient has several questions, please provide your answers below.

“If autologous tissue is used for the bypass, where do the vessels come from?”

“Which procedure will likely require the longest hospital stay?”

“Which procedure is least likely to result in restenosis one year after the surgery?”

“Which procedure has the highest initial cost?”
2. A 55-year-old man presented to the emergency department complaining of shortness of breath, swelling in his ankles, tiredness and chest pain. The doctor was worried that the patient was suffering from dilated cardiomyopathy, which is a disease of the heart muscle that causes the heart to become enlarged. An echocardiogram of the patient’s heart was immediately performed. The doctor reviewed the results from the echocardiogram and concluded that the maximum volume of blood in the ventricle was 140 ml and the amount of blood being pumped out was 60 ml.
a. Calculate the end-systolic volume (ESV) and the ejection fraction of the patient.

b. Is the ejection fraction normal or abnormal? Explain your reasoning.

c. Briefly define systolic failure, diastolic failure and pulmonary edema. 

d. Which side of the heart is more likely to be affected first?
e. Which type of failure do you think that the patient is experiencing? Explain your reasoning. (Hint: Take a look at part “c”).

f. Explain why he is experiencing shortness of breath, tiredness and edema (ankle swelling).

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.
g. List three treatment options that could be used in patients with advanced heart failure. 
h. What are the main advantages and disadvantages of each approach?

3. About 4,000 people in the United States await heart transplants each year. The first problem all heart transplant recipients face if they survive surgery is donor organ rejection. 

a. Explain how the immune system rejects the donor heart by considering it a foreign invader. 

b. Describe the process of organ donor-matching.

c. What are the requirements to become an organ donor? Which is the most important step?
4. Read the article below and answer the following questions:
Experiment: Closed-Heart Surgery

Associated Press 16:30 PM Apr, 01, 2006 

Dr. Samuel Lichtenstein cut a 2-inch hole between an elderly man's ribs. Peering inside, he poked a pencil-sized wire up into the chest, piercing the bottom of the man's heart. Within minutes, Bud Boyer would have a new heart valve -- without having his chest cracked open. Call it closed-heart surgery.  "I consider it some kind of magic," said Boyer, who left the Vancouver, British Columbia, hospital a day later and was almost fully recovered in just two weeks.

In Michigan, Dr. William O'Neill slipped an artificial valve through an even tinier opening. He pushed the valve up a patient's leg artery until it lodged in just the right spot in the still-beating heart.

The dramatic experiments, in a few hospitals in the United States, Canada and Europe, are designed to find easier ways to replace diseased heart valves that threaten the lives of tens of thousands of people every year. The experiments are starting with the aortic valve that is the heart's key doorway to the body.

The need for a less invasive alternative is great and growing. Already, about 50,000 people in the U.S. have open-heart surgery every year to replace the aortic valve. Surgeons saw the breastbone in half, stop the heart, cut out the old valve and sew in a new one. Even the best patients spend a week in the hospital and require two months or three months to recuperate.Thousands more are turned away, deemed too ill to survive that operation and out of options. Demand is poised to skyrocket as the baby boomers gray; the aortic valve is particularly vulnerable to rusting shut with age.  The new experiments are a radical departure from that proven, if arduous, surgery.

The artificial valves do not even look like valves, squished inside metal cages until they are wedged into place. Barely 150 of any type have been implanted worldwide, most in the last year. It is unclear if they will work as well as traditional valve replacements, which last decades.

For now, the only patients who qualify for these valves are too sick to be good candidates for regular valve replacement.

Some deaths during the earliest attempts at implanting the devices forced doctors to come up with safer techniques. Clinical trials apparently are back on track, and even the most skeptical cardiologists and heart surgeons are watching how these pioneers fare.  The hope is that one day, replacing a heart valve could become almost an overnight procedure.

"There's lots of technical challenges that need to be overcome," said Dr. Robert Bonow, a valve specialist at Northwestern University, who is monitoring the research for the American Heart Association. "Most of us do think this is the future," he said.

O'Neill's first successful patient in March celebrated the one-year anniversary of his through-the-leg implant.  "I call it a new birthday," chuckled Fred Grande, 78, a Richmond, Michigan, car collector who took one of his beloved models for a fast spin less than a week after the procedure.

"That's the home run we want to hit with all the patients," said O'Neill, cardiology chief at William Beaumont Hospital in Royal Oak, Michigan.

"It's gratifying" to watch people once deemed beyond help bounce back, added Dr. Jeffrey Moses of New York-Presbyterian Hospital/Columbia University, who with O'Neill is leading the U.S. study. One of Moses' first patients is playing golf at age 92.

The heart has four valves -- one-way swinging doors that open and close with each heartbeat to ensure blood flows in the right direction. More than 5 million Americans have moderate to severe valve disease, where at least one valve does not work properly, usually the aortic or mitral valves. Worldwide, roughly 225,000 valves are surgically replaced every year.

Topping that list is the aortic valve. It can become so narrowed and stiff that patients' hearts wear out trying harder and harder to push oxygen-rich blood out to the rest of the body. Calcium deposits accumulate on its tender leaflets. Touch one chipped out of a patient and it feels almost like a rock.

With minimally invasive valve replacement, doctors do not remove that diseased valve. Instead, they prop it open and wedge an artificial one into that rigid doorway.

"It's ironic. You use the disease process to actually help hold your valve in place," said Lichtenstein, of St. Paul's Hospital in Vancouver, who helped create the between-the-ribs method.

Edwards LifeSciences in Irvine, California, the biggest maker of artificial heart valves, and Paris-based CoreValve are testing versions of a collapsible valve made of animal tissue that is folded inside a stent, a mesh-like scaffolding similar to those used to help unclog heart arteries.

The difference is how doctors get the new valve to the right spot, pop open its metal casing and make it stick.

The U.S. studies thread the Edwards valve through a leg artery up to the heart, known as "percutaneous valve replacement." Unlike with open-heart surgery, doctors do not stop the patient's heart. So the trickiest part is keeping regular blood flow from washing away the new valve before it is implanted.

Once the device is almost in place, doctors speed the heartbeat until normal pumping pauses for mere seconds -- and quickly push the new valve inside the old one. Inflating a balloon widens the metal stent to the size of a quarter, lodging it into place and unfolding the new valve inside, which immediately funnels the resuming blood flow.

So far, 19 Americans have been implanted this way, plus more than 80 other people worldwide, most of them in France by the procedure's inventor, Dr. Alain Cribier, and in Vancouver by Lichtenstein's colleague, Dr. John Webb.

Fourteen people in Canada, Germany and Austria have received the Edwards valve through the ribs. That is a more direct route to the heart for patients whose leg arteries are too clogged to try the other experiment. Doctors make a tiny hole in the bottom of the heart muscle so the new valve can enter. Then they use the same balloon technique to wedge it inside the old valve.

Talks have begun with the Food and Drug Administration about opening a similar U.S. study later this year.

CoreValve's slightly different valve is being tested in Europe and Canada. It, too, is threaded up the leg artery. But it is made of pig tissue instead of horse tissue and has a self-expanding stent that requires no balloon. Doctors remove a sheath covering it and the stent's metal alloy, warmed by the body, widens until it lodges tight against the old, rocky valve.  More than 45 have been implanted; CoreValve hopes to begin a U.S. study next year. Lead researcher Dr. Eberhard Grube of The Heart Center in Siegburg, Germany, expects within months to begin testing a newer version small enough to thread through an artery at the collarbone, another more direct route to the heart.

The experiments come with some significant risks.  Edwards temporarily halted the U.S. study last year after four of the first seven U.S. patients died. Initially, doctors threaded the valve up a leg vein, not an artery, a route that required tortuous turns inside the heart and sometimes damaged a second valve, O'Neill said.  Twelve people have been implanted since the study restarted in December using the artery route considered easier and safer. All but one have survived and are faring well, researchers say.

O'Neill and Moses -- plus doctors at a third hospital, the Cleveland Clinic -- have government permission to implant eight additional patients in the U.S. pilot study, which will be expanded if it goes well.

CoreValve's first four patients died as doctors struggled to develop and learn the through-the-artery technique, Grube said.  For doctors, pushing the large valve through tiny, twisting arteries -- against regular blood flow and guided by X-rays -- is laborious. Occasionally, they are not able to wedge it into position. Because they are squeezing a round valve into an irregular-shaped opening, there is a risk that the new valve will leak blood backward into the heart, also problematic.

But once researchers master how to get the valve into place safely, the question becomes how much recipients benefit. Do these very ill patients live longer than expected? If not, does quality of life improve enough to warrant the procedure anyway?

Three of French inventor Cribier's original patients have lived 2 1/2 years so far, with a "return to normal life and no sign of heart failure," he said. Eleven others have lived a year and counting.  CoreValve reports five patients faring well a year later.  Aside from those who did not survive the implantation, others have died from their advanced illnesses even though their new valve was working.

It is the cases of astounding successes -- Grande and Boyer, for example -- that have other heart specialists taking note, Northwestern's Bonow said.

"Patients have to know what they're getting into," he said. Many of the seriously ill are willing to chance the experimental procedure because "they're so debilitated and ... there have been some good examples of patients who have gotten better."  The bigger challenge, Bonow added, is whether to expand the studies to include less sick patients who could survive open-heart valve replacement but want to avoid its rigors. Already, there are such patients clamoring to be included.  That is a difficult decision because even 80- and 90-year-olds successfully can have regular valve replacement. When performed by the most skilled surgeons, risk of death from the operation is about 2 percent -- but in less experienced hands, it can reach 15 percent, Bonow said.

Just as using a balloon to unclog heart arteries is sometimes done on patients who would fare better with bypass surgery, researchers eventually will have to ask if patients would accept a less-than-perfect aortic valve if they could skip surgery's pain and risks, said Dr. Michael Mack of Medical City Hospital in Dallas.  "There is a trade-off, and how you make that trade-off is a totally gray area," he said.

But Vancouver's Boyer, who had two previous open-heart surgeries for clogged arteries, said avoiding that kind of pain is not a trivial issue for patients.  "They're doing something to the field of medicine that's going to make life a hell of a lot easier to people who've got that problem," said a grateful Boyer, describing how he could finally breathe easy after the through-the-ribs valve implant. "I think I'll have a bunch of other parts go bad before I have a problem with this."
a. Discuss the factors which are likely to affect the diffusion of this technology.  Do these factors always benefit the patient?
b. Why do you think the sample sizes are so low for the studies reported here?  Consider what we learned about the trials of the Abiocor artificial heart.  What factors do you think the FDA considers in decisions regarding the clinical trials reported here?

7.  Read the article and answer the following questions.

March 21, 2004

New Studies Question Value of Opening Arteries

By GINA KOLATA

A new and emerging understanding of how heart attacks occur indicates that increasingly popular aggressive treatments may be doing little or nothing to prevent them.  The artery-opening methods, like bypass surgery and stents, the widely used wire cages that hold plaque against an artery wall, can alleviate crushing chest pain. Stents can also rescue someone in the midst of a heart attack by destroying an obstruction and holding the closed artery open. But the new model of heart disease shows that the vast majority of heart attacks do not originate with obstructions that narrow arteries.

Instead, recent and continuing studies show that a more powerful way to prevent heart attacks in patients at high risk is to adhere rigorously to what can seem like boring old advice — giving up smoking, for example, and taking drugs to get blood pressure under control, drive cholesterol levels down and prevent blood clotting.  Researchers estimate that just one of those tactics, lowering cholesterol to what guidelines suggest, can reduce the risk of heart attack by a third but is followed by only 20 percent of heart patients. 

"It's amazing and it's completely backwards in terms of prioritization," said Dr. David Brown, an interventional cardiologist at Beth Israel Medical Center in New York.   Heart experts say they understand why the disconnect occurred: they, too, at first found it hard to believe what research was telling them. For years, they were wedded to the wrong model of heart disease.

"There has been a culture in cardiology that the narrowings were the problem and that if you fix them the patient does better," said Dr. David Waters, a cardiologist at the University of California at San Francisco.

The old idea was this: Coronary disease is akin to sludge building up in a pipe. Plaque accumulates slowly, over decades, and once it is there it is pretty much there for good. Every year, the narrowing grows more severe until one day no blood can get through and the patient has a heart attack. Bypass surgery or angioplasty — opening arteries by pushing plaque back with a tiny balloon and then, often, holding it there with a stent — can open up a narrowed artery before it closes completely. And so, it was assumed, heart attacks could be averted.

But, researchers say, most heart attacks do not occur because an artery is narrowed by plaque. Instead, they say, heart attacks occur when an area of plaque bursts, a clot forms over the area and blood flow is abruptly blocked. In 75 to 80 percent of cases, the plaque that erupts was not obstructing an artery and would not be stented or bypassed. The dangerous plaque is soft and fragile, produces no symptoms and would not be seen as an obstruction to blood flow.  That is why, heart experts say, so many heart attacks are unexpected — a person will be out jogging one day, feeling fine, and struck with a heart attack the next. If a narrowed artery were the culprit, exercise would have caused severe chest pain.

Heart patients may have hundreds of vulnerable plaques, so preventing heart attacks means going after all their arteries, not one narrowed section, by attacking the disease itself. That is what happens when patients take drugs to aggressively lower their cholesterol levels, to get their blood pressure under control and to prevent blood clots. 

Yet, researchers say, old notions persist.   "There is just this embedded belief that fixing an artery is a good thing," said Dr. Eric Topol, an interventional cardiologist at the Cleveland Clinic in Ohio.   In particular, Dr. Topol said, more and more people with no symptoms are now getting stents. According to an analysis by Merrill Lynch, based on sales figures, there will be more than a million stent operations this year, nearly double the number performed five years ago. Some doctors still adhere to the old model. Others say that they know it no longer holds but that they sometimes end up opening blocked arteries anyway, even when patients have no symptoms.

Dr. David Hillis, an interventional cardiologist at the University of Texas Southwestern Medical Center in Dallas, explained: "If you're an invasive cardiologist and Joe Smith, the local internist, is sending you patients, and if you tell them they don't need the procedure, pretty soon Joe Smith doesn't send patients anymore. Sometimes you can talk yourself into doing it even though in your heart of hearts you don't think it's right."

Dr. Topol said a patient typically goes to a cardiologist with a vague complaint like indigestion or shortness of breath, or because a scan of the heart indicated calcium deposits — a sign of atherosclerosis, or buildup of plaque. The cardiologist puts the patient in the cardiac catheterization room, examining the arteries with an angiogram. Since most people who are middle-aged and older have atherosclerosis, the angiogram will more often than not show a narrowing. Inevitably, the patient gets a stent.   "It's this train where you can't get off at any station along the way," Dr. Topol said. "Once you get on the train, you're getting the stents. Once you get in the cath lab, it's pretty likely that something will get done."

One reason for the enthusiastic opening of blocked arteries is that it feels like the right thing to do, Dr. Hillis said. "I think it is ingrained in the American psyche that the worth of medical care is directly related to how aggressive it is," he said. "Americans want a full-court press."  Dr. Hillis said he tried to explain the evidence to patients, to little avail. "You end up reaching a level of frustration," he said. "I think they have talked to someone along the line who convinced them that this procedure will save their life. They are told if you don't have it done you are, quote, a walking time bomb."

Researchers are also finding that plaque, and heart attack risk, can change very quickly — within a month, according to a recent study — by something as simple as intense cholesterol lowering.   "The results are now snowballing," said Dr. Peter Libby of Harvard Medical School. "The disease is more mutable than we had thought."  The changing picture of what works to prevent heart attacks, and why, emerged only after years of research that was initially met with disbelief.

Early attempts to show that opening a narrowed artery saves lives or prevents heart attacks were unsuccessful. The only exception was bypass surgery, which was found to extend the lives of some patients with severe illness but not to prevent heart attacks. It is unclear why those patients lived longer; some think the treatment prevented their heart rhythms from going awry, while others say that the detour created by a bypass might be giving blood an alternate route when a clot formed somewhere else in the artery.

Some early studies indicated what was really happening, but were widely dismissed. As long ago as 1986, Dr. Greg Brown of the University of Washington at Seattle published a paper showing that heart attacks occurred in areas of coronary arteries where there was too little plaque to be stented or bypassed. Many cardiologists derided him.

Around the same time, Dr. Steven Nissen of the Cleveland Clinic started looking directly at patients' coronary arteries with a miniature ultrasound camera that he threaded into blood vessels. He found that the arteries were riddled with plaque, but almost none of it was obstructing blood vessels. Soon he began proposing that the problem was not the plaque that produced narrowings but the hundreds of other areas that were ready to burst. Cardiologists were skeptical.

In 1999, Dr. Waters of the University of California got a similar reaction to his study of patients who had been referred for angioplasty, although they did not have severe symptoms like chest pain. The patients were randomly assigned to angioplasty followed by a doctor's usual care, or to aggressive cholesterol-lowering drugs but no angioplasty. The patients whose cholesterol was aggressively lowered had fewer heart attacks and fewer hospitalizations for sudden onset of chest pain.  The study "caused an uproar," Dr. Waters said. "We were saying that atherosclerosis is a systemic disease. It occurs throughout all the coronary arteries. If you fix one segment, a year later it will be another segment that pops and gives you a heart attack, so systemic therapy, with statins or antiplatelet drugs, has the potential to do a lot more." But, he added, "there is a tradition in cardiology that doesn't want to hear that."

Even more disquieting, Dr. Topol said, is that stenting can actually cause minor heart attacks in about 4 percent of patients. That can add up to a lot of people suffering heart damage from a procedure meant to prevent it.  "It has not been a welcome thought," Dr. Topol said.

Stent makers say they do not mislead doctors or patients. Their new stents, coated with drugs to prevent scar tissue from growing back in the immediate area, are increasingly popular among cardiologists, and sales are exploding. But there is not yet any evidence that they change the course of heart disease.

"It's really not about preventing heart attacks per se," said Paul LaViolette, a senior vice president at Boston Scientific, a stent manufacturer. "The obvious purpose of the procedure is palliation and symptom relief. It's a quality-of-life gain." 
a. Discuss the advantages of placing more emphasis on prevention of heart disease.  

b. Discuss the challenges of testing the efficacy of prevention efforts.

c. Why do you think our society places so much more emphasis on treatment of end stage heart disease rather than preventive measures?
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