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Although exercise electrocar diography is one of the most commonly performed, non-
invasive diagnostic testsin the United States, it hasfallen into relative disfavor in relation
to other noninvasive modalities, including nuclear perfusion scintigraphy, PET scanning,
and stress echocardiography." Exercise electrocardiography, as well as noninvasive
imaging studies, are commonly thought of as a means of diagnosing coronary artery
disease’ That is, the clinician caring for a patient with known or suspected disease, is
interested in knowing whether or not there is a coronary artery stenosis present that is
sever e enough to cause measur able myocar dial ischemia.

According to recent American College of Cardiology and American Heart Association
guidelines, the exer cise electrocar diogram has two accepted rolesin clinical care:*

« for diagnostic evaluation

« for assessment of long-term risk in patientsthought to be at intermediate or high like-

lihood of having significant coronary disease.’

Although much literature has been written about the value of noninvasive testing for
predicting risk, most clinicians still think of the exercise test as primarily a diagnostic tool.
Furthermore, the main measure that attracts attention is the behavior of the ST segment
during and after exercise. Thefirst part of this review, demonstrates how the diagnostic
model of employing exercise testing is fundamentally flawed and that the real value of the
test liesin its strong ability to predict risk, particularly when measures other than the ST
segment are considered. In Part 2 of thistopic, in the next issue of Cardiology Rounds, the
discussion will focus on the value of attenuated heart rate recovery as an independent
predictor of increased mortality risk.

The diagnostic model

There are two fundamental problems with the diagnostic model of exercise testing, and in
fact, of noninvasive testing in general. First, nearly all studies pertaining to the accuracy of non-
invasive testing suffer from verification bias.*” Second, the currently accepted gold standard —
namely coronary angiography —isitself an inherently limited test.’

Nearly al literature regarding the accuracy of noninvasive testing involves cohorts of patients
in whom noninvasive testing and coronary angiography were both performed as part of routine
clinical care. While such cohorts are attractive and relatively easy to study, anaysis of them
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Figure 1: Verification bias — Among patients referred for
noninvasive testing, some will have a “positive” result,
while others will have a “negative result’(top line).
Because physicians strongly believe that a positive result
means that coronary angiography will show disease,
patients with positive tests are much more likely to be
referred for angiography (thick arrow) than patients with
negative tests (thin arrow).

(Reproduced from Reference 9 with permission.)
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the performance of the tests in question and the gold stan-
dard tests are two entirely independent events.® In fact, this
is not the case when considering noninvasive testing for
the presence of coronary disease.

As shown in Figure 1, a population of patients with
known or suspected disease is referred for noninvasive
testing to determine whether or not hemodynamically
significant coronary stenoses are present.” Some of the
patients will have a positive test while others will have a
negative test. Because most doctors believe that a positive
test means that coronary obstructions are more likely to be
present, afair number of patients with positive testswill be
referred on to coronary angiography. Conversely, because
doctors believe that a negative test implies avery low like-
lihood of obstructive coronary lesions, very few patients
with a negative test will be referred on to coronary angio-
graphy. Thus, the cohort of patients who undergo coronary
angiography is very different from the origina cohort
being studied, in that it is heavily enriched with patients
who have had a positive noninvasive test.

Among the patients who undergo coronary angiogra-
phy, some will have abstructive lesions and some will not.
Among those patients who have obstructive lesions, avery
high proportion of them will have had a positive noninva-
sive test to begin with. This has to be the case, because the
vast majority of people who undergo coronary angio-
graphy were referred specifically because they had a positive
noninvasive test. Thus, the sensitivity of the noninvasive
test will look quite good. On the other hand, among those
patients who do not show obstructive coronary lesions,
very few will have had a negative noninvasive test. Again,
this has to be the case because very few patients with

negative noninvasive tests were referred to coronary angio-
graphy. The vast mgjority of patients with negative non-
invasive tests never undergo coronary angiography and,
therefore, their coronary anatomy must be considered
unknown. Thus, the apparent specificity of the noninvasive
test will appear to be poor. This bias, in which perfor-
mance of a gold standard test is being influenced by the
outcomes of the diagnostic test, is referred to as “verifica-
tion bias” or “sequential workup bias” *”

Isverification bias a serious problem
in real clinical care?

To answer this question Froelicher and colleagues
attempted to measure the true unbiased sensitivity of exer-
cise electrocardiography.® They evaluated a cohort of over
800 men who were referred for exercise testing for evalua-
tion of suspected coronary disease. All of these men agreed
to undergo coronary angiography, irrespective of the
results of the exercise test. The resulting sensitivity of the
exercise el ectrocardiogram was only 45%, while the speci-
ficity was 85%. This contrasts with the results of alarge
meta-analysis that was based on literature in which verifi-
cation bias was not eliminated, where the sensitivity and
specificity of exercise testing were 70%.° Thus, verifica-
tion bias turns out to be areal problem in that the true sen-
sitivity of exercise testing is very poor, at less than 50%,
while the specificity is reasonably good. Given that coro-
nary artery disease is the number one cause of death in the
developed world," this extraordinarily poor sensitivity
rai Ses serious concerns.

Practicing clinicians may be unconsciously aware of
this problem since, from clinical experience, they may
sense that exercise electrocardiography has an unaccept-
ably low sensitivity. As a result, they may refer more and
more patients for exercise imaging studies.' However,
exercise imaging suffers from the same kind of verification
bias as exercise testing does. In fact, the true, unbiased
sensitivity of stress echocardiography may be as low as
42%, while the specificity is reasonably good at 83%."
Similarly, the true unbiased sensitivity of nuclear imaging
may be aslow as 67%, with a specificity of 75%.” Verifica-
tion bias may actually be a more serious problem with
stress echocardiography or stress nuclear testing, because
physicians give greater credence to imaging results and,
therefore, their decisions regarding the performance of
coronary angiography may be, in fact, more biased than in
the case of stress exercise electrocardiography.

The second major problem with the diagnostic model
of exercise testing is that the gold standard itself may be
inappropriate. As discussed by Nissen and Topol, the



current accepted gold standard — the coronary angiogram —
may have severe inherent limitations and may, in fact, sub-
stantially underestimate the burden of disease.® Further-
more, coronary angiography appears to be a less powerful
predictor of coronary risk than noninvasive imaging.”

Exercisetesting as a prognostic modality

If exercise electrocardiography, and in fact noninvasive
imaging in general, is severely limited as a diagnostic test
because of verification bias and an inherently limited goal
standard, then what is the value of the test? The true value
of exercisetesting isin its ability to assess prognosis.

However, evaluation of the prognostic capabilities of a
test is difficult because it requires large cohorts, systemat-
ically collected data, and long periods of follow-up.”
During the past 10 to 15 years, a number of groups have
been able to overcome these problems and report on the
ability of exercise testing to predict death, and to a lesser
extent, nonfatal coronary events.”*** The most important
prognostic markers reported on include exercise capac-
ity,** heart rate response during® ® and after exer-
cise,**? and the Duke Treadmill Score,*****"***#* whichis
an amalgamation of exercise capacity and evidence of
exercise-induced myocardial ischemia. Probably, by far
the most important predictor of mortality is exercise
capacity.”*** Classic literature dating back nearly 20
years reveals that patients with an exercise capacity of at
least 10 metabolic equivalents are at extremely low risk
for mortality, and gained no benefit from coronary bypass
grafting, even when severe coronary disease is present.*
Conversely, patients with impaired physical fitness are
at high risk for death, even if significant myocardial
ischemia cannot be demonstrated.®

Heart rate responses to exercise

During exercise the heart rate increases due to central
nervous system withdrawal of vagal tone and an increase
in sympathetic tone.*” The increase of sympathetic toneis
due to both central nervous system stimulation as well as
to increasing levels of circulating catecholamines.®*
During recovery, there is rapid reactivation of vagal tone
leading to a decrease in heart rate.* This decrease in heart
rate immediately after exercise has been termed heart rate
recovery (Figure 2).”

Why are the correlations of exercise heart rate
responses with autonomic nervous system function clini-
cally important? During the past 10-15 years, there has
been increasing interest in noninvasive evaluation of auto-
nomic nervous system function as a predictor of risk.**

Figure 2: Exercise heart rate changes during and after
exercise. (Reproduced from Reference 40 with permission.)
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Using tools such as heart rate variability and baroreceptor
reflex sensitivity, a number of groups have shown that
disturbances of sympathetic and parasympathetic function
are strongly predictive of risk of death in a wide spectrum
of patients.”* Furthermore, other investigators have
demonstrated that chronotropic incompetence, or an inabil-
ity of heart rate to rise appropriately during exercise, is
correlated with decreased sensitivity to an overly active
sympathetic nervous system,” while an attenuated heart
rate recovery is reflective of decreased vagal tone.” Given
the known associations of autonomic imbalances with
mortality, and given the known associations of exercise
heart rate responses with autonomic nervous system func-
tion, it was hypothesized that easily obtained measures of
heart rate response in the exercise lab would be indepen-
dently predictive of mortality.”*

Chronotropic incompetence

Chronotropic incompetence, or an inability to appro-
priately use up heart rate reserve during exercise, is a pow-
erful predictor of risk.”* It was first described many years
ago, when Ellestad noticed that a patient who had died
suddenly and who had severe coronary disease on autopsy,
had manifested chronotropic incompetence on an exercise
test shortly before his death.” Assessment of chronotropic
incompetence has been limited by the tight correlation
of exercise heart rate response with age and functional
capacity.” Wilkoff and colleagues,” as well as our group at
the Exercise Stress Laboratory at the Cleveland Clinic
Foundation,” have shown that measuring the proportion of
heart rate reserve used in peak exerciseis away to describe
chronotropic response that is independent of age and func-
tional capacity.” Heart rate reserve can be considered as
the difference between a person’s maximum predicted
heart rate, defined as 220 minus age, and that person’'s
resting heart rate. The proportion of heart rate reserve used



Figure 3: Heart rate, after logarithmic transformation,
during the first few minutes after exercise in athletes,
normal subjects, and patients with heart failure.
(Adapted from Reference 39.)
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during exercise can be calculated as:
HR e —HR o« x 100
220 —age—-HR

%HRR ., =

where HRR ., is heart rate reserve used and HR is
heart rate. For example, a 60-year-old with aresting
heart rate of 70 has a heart rate reserve of (220 — 60 —
70) = 90 bpm. If he increases his heart rate to 140
bpm at peak exercise, he would have used ((140 —
70)/90) x 100 or 78% of his heart rate reserve. A
person who is not on a beta blocker and fails to use
80% of their heart rate reserve is designated as having
chronotropic incompetence.”” This finding has been
shown to be an independent predictor of mortality
among patients not taking beta blockers.”**

Heart raterecovery

In 1994, Imai and colleagues reported on a careful
study of heart rate during the first few minutes after
exercise in athletes, healthy normal volunteers, and
patients with heart failure.* They noticed that after
logarithmic transformation, heart rate during the first
few minutes after exercise behaved in abi-exponential
manner. That is, among athletes and normal subjects,
there was an initial steep fal in heart rate, which
lasted approximately 30 seconds followed by a shal-
lower fall. In contrast, patients with heart failure never
had a steep fall during early exercise but rather had
a shallow fall throughout recovery (Figure 3). After
administering atropine, the initial steep fall decay in
heart rate disappeared among the athletes and the
normal subjects. Imai and colleagues, therefore, con-
cluded that heart rate recovery after exercise, particu-
larly during the first 30 seconds, is closely related to
vagal reactivation.

At the Cleveland Clinic Foundation, we hypo-
thesized that an attenuated heart rate recovery as a
manifestation of decreased vaga tone would be an

independent predictor of an increased risk of mortality.
To confirm this hypothesis, we assessed approxi-
mately 2,400 patients referred for exercise nuclear
testing during the early 1990s. Our findings regarding
heart rate recovery, its prognostic significance, as
well as its limitations will be discussed in Part 2 of
this topic on exercise testing in the next issue of
Cardiology Rounds.

Conclusions

In the exercise test, clinicians have available to
them a very powerful prognostic tool, particularly
when the right measures are taken into account. Exer-
cise capacity, chronotropic response and heart rate
recovery are strongly and independently predictive
of risk of death. They are much stronger predictors
of death than the classic ST segment response.
However, when used as a diagnostic tool, exercise
electrocardiography as well as noninvasive testing in
generd, is strikingly limited. Nearly all studies of test
accuracy have been plagued by verification bias. In
addition, the perceived gold standard, namely coronary
angiography, is itself inherently problematic. Despite
its seemingly low position on the totem pole, exercise
testing has a bright future. By taking into account
those measures of the exercise test that have real prog-
nostic power, aswell as factoring in clinical variables,
the exercise laboratory has the ability to become aclin-
ically useful “cardiovascular prognosis laboratory.”
Appropriate interpretation and use of the exercise test
may lead to more appropriate utilization of other tests,
as well as better alocation of treatment resources for
patients at varying degrees of risk.*

References

1. Merz CN, Berman DS. Imaging techniques for coronary artery
disease: current status and future directions. Clin Cardiol
1997;20:526-32.

. Gibbons RJ, Balady GJ, Beasley JW, et al. ACC/AHA Guide-
lines for Exercise Testing. A report of the American College of
Cardiology/American Heart Association Task Force on Practice
Guidelines (Committee on Exercise Testing). J Am Coll Cardiol
1997;30:260-311.

3. Gibbons RJ, Chatterjee K, Daley J, et al. ACC/AHA/ACP-ASIM
guidelines for the management of patients with chronic stable
angina: areport of the American College of Cardiology/Ameri-
can Heart Association Task Force on Practice Guidelines (Com-
mittee on Management of Patients With Chronic Stable Angina).
JAm Coall Cardiol 1999;33: 2092-197.

4. Roger VL, PellikkaPA, Bell MR, Chow CW, Bailey KR, Seward
JB. Sex and test verification bias. Impact on the diagnostic value
of exercise echocardiography [see comments]. Circulation 1997;
95:405-10.

5. Froelicher VF, Lehmann KG, Thomas R, et al. The electrocar-

diographic exercise test in a population with reduced work-up

bias: diagnostic performance, computerized interpretation, and

multivariable freedom. Ann Intern Med 1998; 128:965-974.

N

CardiologyRounds



6. Choi BC. Sensitivity and specificity of asingle diagnostic test in
the presence of work-up bias [see comments]. J Clin Epidemiol
1992,45:581-6.

7. Miller TD, Hodge DO, Christian TF, Milavetz JJ, Bailey KR,
Gibbons RJ. Effects of adjustment for referral bias on the sensi-
tivity and specificity of single photon emission computed tomog-
raphy for the diagnosis of coronary artery disease. Am J Med
2002;112:290-7.

8. Topol EJ, Nissen SE. Our preoccupation with coronary luminol-
ogy. The dissociation between clinical and angiographic findings
in ischemic heart disease [see comments]. Circulation 1995;92:
2333-42.

9. Lauer MS. Role of stress testing and cardiac imaging in patients
who have undergone previous coronary revascularization.
Cardiol Rev 2000;8:158-65.

10. Gianrossi R, Detrano R, Mulvihill D, et al. Exercise-induced ST
depression in the diagnosis of coronary artery disease. A meta-
analysis. Circulation 1989;80:87-98.

11. Murray CJ, Lopez AD. Alternative projections of mortality and
disability by cause 1990-2020: Global Burden of Disease Study.
Lancet 1997,349:1498-504.

12. Pollock SG, Abbott RD, Boucher CA, Beller GA, Kaul S. Inde-
pendent and incremental prognostic value of tests performed in
hierarchical order to evaluate patients with suspected coronary
artery disease. Validation of models based on these tests.
Circulation 1992;85:237-48.

13. Hlatky MA. Exercise testing to predict outcome in patients with
angina. J Gen Intern Med 1999;14:63-5.

14. Mark DB, Shaw L, Harrell FE, Jr, et a. Prognostic value of a
treadmill exercise score in outpatients with suspected coronary
artery disease [see comments]. N Engl J Med 1991;325: 849-53.

15. Shaw LJ, Hachamovitch R, Peterson ED, et al. Using an out-
comes-based approach to identify candidates for risk stratifica-
tion after exercise treadmill testing [see comments]. J Gen Intern
Med 1999;14:1-9.

16. Shaw LJ, Peterson ED, Shaw LK, et al. Use of a prognostic
treadmill score in identifying diagnostic coronary disease sub-
groups. Circulation 1998;98:1622-30.

17. Kwok JM, Miller TD, Christian TF, Hodge DO, Gibbons RJ.
Prognostic value of a treadmill exercise score in symptomatic
patients with nonspecific ST-T abnormalities on resting ECG.
JAMA 1999;282:1047-53.

18. Nishime EO, Cole CR, Blackstone EH, Pashkow FJ, Lauer MS.
Heart rate recovery and treadmill exercise score as predictors
of mortality in patients referred for exercise ECG. JAMA
2000;284:1392-8.

19. Snader CE, Marwick TH, Pashkow FJ, Harvey SA, Thomas JD,
Lauer MS. Importance of estimated functiona capacity asapre-
dictor of all-cause mortality among patients referred for exercise
thallium single-photon emission computed tomography: report
of 3,400 patients from a single center. J Am Coll of Card 1997;
30:641-8.

20. Wei M, Kampert JB, Barlow CE, et al. Relationship between low
cardiorespiratory fitness and mortality in normal-weight, over-
weight, and obese men. JAMA 1999;282:1547-53.

21. Myers J, Prakash M, Froelicher V, Do D, Partington S, Atwood
JE. Exercise capacity and mortality among men referred for
exercise testing. N Engl J Med 2002;346:793-801.

22. Lauer MS, Francis GS, Okin PM, Pashkow FJ, Snader CE,
Marwick TH. Impaired chronotropic response to exercise stress
testing as a predictor of mortality [see comments]. JAMA
1999;281:524-9.

23. Lauer MS, Okin PM, Larson MG, Evans JC, Levy D. Impaired
heart rate response to graded exercise. Prognostic implications of
chronotropic incompetence in the Framingham Heart Study [see
comments]. Circulation 1996;93: 1520-6.

24. Cole CR, Blackstone EH, Pashkow FJ, Snader CE, Lauer MS.
Heart-rate recovery immediately after exercise as a predictor of
mortality [see comments]. N Engl J Med 1999; 341:1351-7.

25. Cole CR, Foody JM, Blackstone EH, Lauer MS. Heart rate
recovery after submaximal exercise testing as a predictor of mor-
tality in a cardiovascularly healthy cohort. Ann Intern Med
2000;132:552-5.

26. Watanabe J, Thamilarasan M, Blackstone EH, Thomas JD, Lauer
MS. Heart rate recovery immediately after treadmill exercise and
left ventricular systolic dysfunction as pre-dictors of mortality:
the case of stress echocardiography. Circulation 2001;104:1911-6.

27. Shetler K, Marcus R, Froelicher VF, Vora S, Kalisetti D, Prakash
M, Do D, Myers J. Heart rate recovery: validation and method-
ologic issues. J Am Coll Cardiol 2001;38:1980-1987.

28. Shaw LJ, Hachamovitch R, Iskandrian AE. Treadmill test scores:
attributes and limitations [editorial; comment]. J Nucl Cardiol
1997;4:74-8.

29. Mark DB, Hlatky MA, Harrell FE, Jr., Lee KL, Califf RM, Pryor
DB. Exercise treadmill score for predicting prognosis in coro-
nary artery disease. Ann Intern Med 1987;106:793-800.

30. Goraya TY, Jacobsen SJ, Pellikka PA, et a. Prognostic value of
treadmill exercise testing in elderly persons. Ann Intern Med
2000;132:862-70.

31. Lauer MS, Lytle B, Pashkow F, Snader CE, Marwick TH. Pre-
diction of death and myocardial infarction by screening with
exercise-thallium testing after coronary-artery-bypass grafting.
Lancet 1998;351:615-22.

32. Mancini DM, Eisen H, Kussmaul W, Mull R, Edmunds LH, Jr.,
Wilson JR. Value of peak exercise oxygen consumption for
optimal timing of cardiac transplantation in ambulatory patients
with heart failure. Circulation 1991;83:778-86.

33. Morrow K, Morris CK, Froelicher VF, et a. Prediction of cardio-
vascular death in men undergoing noninvasive evaluation for
coronary artery disease. Ann Intern Med 1993; 118:689-95.

34. Ekelund LG, Haskell WL, Johnson JL, Whaley FS, Criqui MH,
Sheps DS. Physica fitness as a predictor of cardiovascular mor-
tality in asymptomatic North American men. The Lipid Research
Clinics Mortality Follow-up Study. N Engl J Med 1988;319:
1379-84.

35. Morris CK, Ueshima K, Kawaguchi T, Hideg A, Froelicher VF.
The prognostic value of exercise capacity: areview of the litera-
ture. Am Heart J 1991;122:1423-31.

36. Diaz LA, Brunken RC, Blackstone EH, Snader CE, Lauer MS.
Independent contribution of myocardial perfusion defects to
exercise capacity and heart rate recovery for prediction of al-
cause mortality in patients with known or suspected coronary
heart disease. J Am Coll Cardiol 2001;37: 1558-64.

37. Hammond HK, Froelicher VF. Normal and abnormal heart rate
responses to exercise. Prog Cardiovasc Dis 1985;27: 271-96.
38.Arai Y, Saul P, Albrecht P, Hartley LH, Lilly LS, Cohen RJ,
Colucci WS. Modulation of cardiac autonomic activity during
and immediately after exercise. Am J Physiol 1989; 256:H132-

H141.

39.Imai K, Sato H, Hori M, et al. Vagally mediated heart rate recov-
ery after exerciseis accelerated in athletes but blunted in patients
with chronic heart failure. J Am Coll Cardiol 1994;24:1529-35.

40. Lauer MS. Heart rate response in stress testing: clinical implica-
tions. ACC Curr J Rev 2001;10:16-19.

41. Schwartz PJ. The autonomic nervous system and sudden death.
Eur Heart J 1998;19 Suppl F:F72-80.

42. LaRovere MT, Bigger JT, Marcus FI, Mortara A, Schwartz PJ.
Baroreflex sensitivity and heart rate variability in prediction of
total cardiac mortality after myocardial infarction. Lancet 1998;
351:478-84.

43. Tsuji H, Venditti FJ, Jr., Manders ES, Evans JC, Larson MG,
Feldman CL, Levy D. Reduced heart rate variability and
mortality risk in an elderly cohort. The Framingham Heart Study.
Circulation 1994;90:878-83.

CardiologyRounds



44. Bigger JT, J., Fleiss JL, Steinman RC, Rolnitzky LM, Kleiger RE,
Rottman JN. Frequency domain measures of heart period variability
and mortality after myocardial infarction. Circulation 1992;85: 164-71.

45, Colucci WS, Ribeiro JP, Rocco MB, et al. Impaired chronotropic
response to exercise in patients with congestive heart failure. Role
of postsynaptic beta-adrenergic desensitization. Circulation 1989;80:
314-23.

46. Ellestad MH. Chronotropic incompetence. The implications of heart
rate response to exercise (compensatory parasympathetic hyper-
activity?) [editorial; comment]. Circulation 1996;93:1485-7.

47. Wilkoff BL, Miller RE. Exercise testing for chronotropic assessment.
Cardiology Clinics 1992;10:705-17.

48. Lauer MS, Mehta R, Pashkow FJ, Okin PM, Lee K, Marwick TH.
Association of chronotropic incompetence with echocardiographic
ischemiaand prognosis. J Am Coll Cardiol 1998;32:1280-6.

49, Cdliff RM, Armstrong PW, Carver JR, D’ Agostino RB, Strauss WE.
27th Bethesda Conference: matching the intensity of risk factor man-
agement with the hazard for coronary disease events. Task Force 5.
Stratification of patientsinto high, medium and low risk subgroups for
purposes of risk factor management. J Am Coll Cardiol 1996;27:
1007-19.

Michael S. Lauer, MD, is Director of
Clinical Research in the Department of
Cardiovascular Medicine at the Cleveland
Clinic Foundation and the Director of the
Exercise Stress Laboratory there. Dr. Lauer
received his MD from Albany Medica
4 College and subsequently completed his
residency at Massachusetts General Hospital and Fellow-
ship at Boston's Beth I sragl Hospital. He participated in the
Clinical Effectiveness Program at the Harvard School of
Public Health and completed a research fellowship at the
Framingham Heart Study. He has authored over 100 origi-
nal articles and review papers. He is a contributing editor
for JAMA (Journal of the American Medical Association).
Dr. Lauer’s research interests have focused on exer-
cise testing and noninvasive testing in general for predic-
tion of all-cause mortality in patients with known or
suspected coronary disease. He has also worked with
prominent statisticians and mathematicians in applying
sophisticated analytical techniques to very large clinical
databases. Dr. Lauer has received grant support from the
National Heart, Lung, and Blood Institute of the NIH and
the American Heart Association. Dr. Lauer can be reached
at Lauerm@ccf.org.

Dr. Lauer has no conflicts of interest to declare related
to the enclosed CME program.

B WH
Harvard Medical School
Department of Continuing Education
and
Brigham and Women's Hospital
Cardiovascular Division

Present

Cardiovascular Medicine:
Review and Update for the Practitioner

May 4 - 8, 2003

in Boston at the
Fairmont Copley Plaza Hotel

Course Directors:
Samuel Z. Goldhaber, MD  Peter Libby, MD
Patrick O’Gara, MD

To register or view course details online visit us at:
www.cme.hms.harvard.edu/cardiomedreview

For more information regarding registration:
Call: 617-384-8600, Monday-Friday, 10am to 4pm EST
Mail: Harvard MED-CME, P.O. Box 825, Boston, MA 02117-0825
Email: hms-cme@hms.harvard.edu

Tuition: $795 (U.S.)
Early Registration (on or before December 31, 2002): $595 (U.S.)
Trainees, Nurses, PAs, CPTs: $395 (U.S.)

For information regarding course content, call: 617-732-7566

Brigham and Women’s Hospital,
Cardiovascular Division website:
www.heartdoc.org

This publication is made possible by an educational grant from

Novartis Pharmaceuticals Corporation

© 2002 Brigham and Women's Hospital, Boston, Massachusetts, which is solely responsible for the contents. The opinions expressed in this publication do not necessarily reflect those of the
publisher or sponsor, but rather are those of the author based on the available scientific literature. Publisher: SNELL Medical Communication Inc. in cooperation with Brigham and Women's
Hospital, Boston, Massachusetts. ™Cardiology Roundsis a Trade Mark of SNELL Medical Communication Inc. All rights reserved. The administration of any therapies discussed or referred to in
Cardiology Rounds should always be consistent with the recognized prescribing information as required by the FDA. SNELL Medical Communication Inc. is committed to the development of

superior Continuing Medical Education.
SNELL

302-015



