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This last installment of a 4-part series discusses the final 5
of 11 principles derived from clinical trials during the

last 2 decades of cardiovascular clinical research and the need
to apply them to the care of individual patients with heart
diseases.

Principle 7: Most Therapies Produce a
Combination of Helpful and Harmful Effects

As therapies have become more biologically potent, it has
become increasingly clear that every treatment can be harm-
ful in some patients while being beneficial in others, and
often both good and bad effects occur in the same patient.
With many therapies, clinical characteristics can identify
patients with greater expected benefit or risk, and pharmaco-
genetics may offer further insight into predicting which
patients will achieve the greatest benefit and which will have
the greatest risk of harm. For example, we know that women
are at higher risk for torsades de pointes when they are treated
with QT-interval-prolonging drugs, and it is likely that a
genetic predisposition may be important.1 Unfortunately,
however, the relative power of these findings is limited, and
we are left with broad treatment guidelines that will leave
patients at risk of harm that cannot be predicted in absolute
terms.

The recognition that therapeutics are not commonly either
“good” or “bad,” but carry a mixture of good and bad effects,
has spawned the concept of risk-management in therapeutics.
Each clinician has the responsibility of helping the patient
place these risks and benefits in perspective when making
decisions about therapeutics. Inevitably, this approach will
require an improved grasp of probabilities and quantitative
outcome estimates by clinicians and patients. Furthermore,
there is an implied responsibility, both to participate in the
generation of knowledge about risks and benefits through
clinical trials and to report adverse events observed in the
post-marketing period. Such adverse event reporting played
the critical role in identifying cisapride as a cause of sudden
death2 and recognizing that mibefradil caused intolerable
toxicity when combined with a variety of other medications.3

Principle 8: Most Beneficial Therapies Do Not
Save Money, but They Are Incrementally

Cost-Effective
The evolution of health systems in the United States, com-
bined with the explosion of medical products and an aging
population, has increased the focus on cost; this focus has
been a critical element of therapeutics in most other countries,
and the extent to which lessons are transferable from one
culture to another remains a source of uncertainty because of
different societal priorities, financial resources, and methods
of payment. Indeed, the minimally important clinical differ-
ence can only be understood in the context of the cost paid for
the benefit derived. As more expensive biological and me-
chanical therapies are devised, it is increasingly clear that we
will not be able to offer all beneficial therapies to all patients.
A well-designed prospective evaluation of cost can be a
critical component of an effective assessment of therapy.

The development of new therapies almost invariably adds
cost, even when the therapies are highly effective, because
the therapies are usually not curative: the patients eventually
succumb or have progression of disease. Thus, the appropri-
ate question usually is not, “Does this treatment save mon-
ey?” but rather, “Is the extra money worth it?” In the United
States, the national right to renal dialysis has set a de facto
standard at an incremental cost of $70 000 per year of life
saved, since this is the estimated cost of gaining an extra year
of life with the use of dialysis.4

On the basis of other trial evidence, the Global Utilization
of Streptokinase and t-PA for Occluded Coronary Arteries I
(GUSTO-I) trial hypothesized that an accelerated infusion of
alteplase would reduce the risk of death by 15% on a relative
scale or by 1% on an absolute scale, compared with a
standard infusion of streptokinase. Considerable debate en-
sued as to whether a drug that cost $2000 more than the
standard at the time was worth the cost for that degree of
benefit. The trial found almost precisely the hypothesized
benefit, yielding an increase in life expectancy of 0.15 years
per patient. Although at first this degree of benefit sounded
trivial, a formal cost-effectiveness study found that the cost
per year of life saved was approximately $30 000, well below
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the amount spent to save a year of life with renal dialysis,4 a
therapy routinely paid for by the government. Tracking the
use of alteplase relative to streptokinase in the United States
after an announcement of these findings and publication of
the results demonstrated a step-up in use with the release of
each portion of clinical and economic information5 (Figure
1). Even though alteplase is sold for a lower cost outside the
US, streptokinase remains the most commonly used fibrino-
lytic agent globally, pointing out the complexity of economic
analyses in terms of societal norms and the ability to pay for
medical services.

Similarly, the addition of abciximab to the practice of
percutaneous coronary intervention (PCI) has produced a
clear clinical benefit, but the absolute cost is substantial.6

When this cost is transformed to the incremental cost per year
of life saved, however, the incremental cost falls well within
the range of acceptable therapies.4 Although coronary stents
have not produced a demonstrable mortality benefit from
randomized trial data, they have reduced the need for repeat
revascularization, and cost-effectiveness studies have also
found them to be within the realm of acceptable incremental
costs in the United States.7 The one trial to look at both
stenting and abciximab in a factorial design found the
combination of treatments to be within the realm of incre-
mental cost-effectiveness.8 For many effective secondary
prevention therapies, the cost per year of life saved is
extremely low, leading to a situation in which no financial
objection can be raised at the level of the individual patient.4,9

The conduct of prospective cost studies simultaneously with
definitive, pragmatic clinical outcome trials allows the clini-
cal community to place therapeutics in perspective.

On a pragmatic basis, cardiovascular practitioners must
become involved at a local level to improve the broad
understanding of incremental cost-effectiveness. Ideally, such
efforts should focus on advocating the use of proven therapies
and avoiding the use of unproven therapies when less-
expensive or safer alternatives exist. How to place the

well-organized data on many cardiovascular therapies against
therapies for non-life-threatening problems or less well-
evaluated therapies remains a dilemma. Given recent findings
that will likely lead to widespread use of internal
cardioverter-defibrillators, drug-coated stents, and left-ven-
tricular assist devices, this emphasis on incremental cost-
effectiveness will need considerable attention at the practi-
tioner level.

Principle 9: Applying the Results of Clinical
Trials Is Beneficial

The purpose of all the effort of clinical trials is to provide
evidence to allow patients, health care providers, and policy
makers to make the best decisions for individual health out-
comes and population benefit. As a hierarchy of evidence has
been increasingly accepted,10 a process for developing clinical
practice guidelines has evolved. The pyramid of clinical evi-
dence (Figure 2) focuses on the randomized clinical trial as the
most definitive guide to effective therapy, providing a basis for
choosing which therapies should be recommended with specific
levels of certainty.

In the United States, professional societies and disease-
oriented organizations are charged with devising clinical
practice guidelines. The government, through the Evidence-
Based Practice Centers, funds the Agency for Healthcare
Research and Quality to administer a system of quantitative
analyses to support the development of guidelines. Thus, the
American College of Cardiology, the American Heart Asso-
ciation, and the professional subdivisions of these organiza-
tions play a critical role in aggregating the knowledge base to
devise guidelines.

The American Heart Association and the American Col-
lege of Cardiology have jointly devised a system for grading
evidence that is similar to other national and global ef-
forts.11,12 Two dimensions are considered: level of evidence
(Grade) and type of recommendation (Class). The highest

Figure 1. The increase in the use of alteplase relative to strep-
tokinase with the release of each portion of clinical and eco-
nomic information from the GUSTO-I trial. With the release of
each major portion of data, including the economic data, the
market share of alteplase increased. Reprinted with permission
from Califf RM, Stump D, Topol EJ, et al. The impact of the
cost-effectiveness study of GUSTO-1 on decision making with
regard to fibrinolytic therapy. Am Heart J. 1999;137:S90–S93.

Figure 2. The pyramid of clinical evidence. In a rational, quanti-
tative world, the recommendation for the individual patient
would emanate from evidence built along the left-hand side of
the pyramid. By integrating clinical trial outcome data into sys-
tematic overviews and guidelines, evidence-based clinical prac-
tice occurs. To the extent the guidelines lack empirical support
with the best methodology, the pyramid is seen as less solid.
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level of evidence (A) comes from multiple clinical trials with
excellent design, followed by either a single clinical trial or
well-designed observational studies without a clinical trial
(B). When a recommendation is based on opinion or small
case series, it is classified as level of evidence C. A Class I
recommendation means that the approach should generally be
used; Class IIa means that it is usually recommended with
some uncertainty; Class IIb means the approach is generally
not recommended and has some uncertainty; and a Class III
recommendation means “Don’t do it!”

Recently, convincing evidence has been produced showing
that systematic administration of therapies demonstrated to be
effective in clinical trials leads to better patient outcomes. In
ST-elevation myocardial infarction, hospitals that deliver a
higher proportion of appropriate aspirin, �-blockers, and
angiotensin-converting enzyme inhibitors have better patient
outcomes.13,14 Similar results have now been seen for patients
with non-ST-elevation acute coronary syndromes.15

These findings provide empirical support for a cycle of
evidence to practice (Figure 3). When clinical trials demon-
strate the clear benefit of a therapy, the therapy is adopted as
a Class I, level of evidence A recommendation. When this
happens, physicians, practice organizations, and hospitals can
examine their systems to ensure that they can deliver the
therapy efficiently and reliably. It can be incorporated into
performance measures to quantify how often a practitioner or
a system adheres to the standard. As discussed above, better
adherence to standards (performance) should lead to better
outcomes.

However, embracing clinical practice guidelines does not
detract from the importance of individual physician judgment
or the variation in patient preferences.16 We lack definitive
evidence in many situations, and each patient has a complex
array of characteristics that cannot be captured in a clinical
practice guideline. A perplexing and interesting example of

the interface between clinical judgment and quantitative
studies is afforded by the Bypass Angioplasty Revasculariza-
tion Investigation (BARI). This trial randomized patients with
multivessel coronary heart disease to either percutaneous
revascularization or bypass surgery17; a prospective registry
was kept of patients who were eligible for enrollment but did
not enter the randomized trial. In the trial, patients with
treated diabetes had better survival rates if they had surgery,
leading to a health alert by the National Heart, Lung, and
Blood Institute. In the registry, however, patients with treated
diabetes who underwent PCI fared as well as patients who
elected bypass surgery.18 This combination of randomized
and registry evidence indicates that careful consideration of
multiple clinical factors can identify a population of patients
with multivessel disease and diabetes who do as well with
PCI as with coronary artery bypass grafting, but that the
majority of multivessel disease patients with diabetes do
better with coronary artery bypass grafting.

Principle 10: Some Areas of Cardiovascular
Medicine are Underserved

The power of medical practice based on evidence raises the
issue of why we do not have adequate evidence for so many
areas. In the history of pediatric cardiology, �30 randomized
clinical trials have been completed. Almost nothing is known
aside from anecdotal or observational experience (with all the
flaws enumerated above) about the appropriate use of surgery
or aggressive medical therapy in patients with valvular heart
disease or endocarditis. A recent review of primary pulmo-
nary hypertension had extensive treatment recommenda-
tions19 supported by very little information derived from
randomized clinical outcome trials. Although these condi-
tions are less common than the dominant cardiovascular
problems, the experience with pediatric cancer (in which
�80% of children are enrolled in clinical trials) points out
that substantial evidence can be developed to support the best
treatment for uncommon illnesses; tremendous gains in lon-
gevity for patients with pediatric cancers have occurred.
Perhaps greater investment by the government in infrastruc-
ture to understand less common, but devastating, cardiovas-
cular diseases would make a difference as it has in childhood
cancer. Given the importance of evaluating proposed thera-
pies, practitioners caring for patients with less common
cardiovascular disease would serve their patients well by
forming research networks—as in pediatric cancer—that
could advance treatment. Such networks could also work with
industry, the National Institutes of Health, and the Food and
Drug Administration to define appropriate criteria for “or-
phan” drugs to be advanced into practice as they are evaluated
over time to generate adequate evidence for a definitive
assessment.

Principle 11: Participation Is Imperative
The overall conclusion found in the lessons from clinical
trials and clinical practice is that practitioners and patients
need to play as great a role as possible in generating the
evidence for evidence-based medicine by participating in
clinical trials. Pediatric oncology has set the pace, and major
advances in the longevity of these children have resulted.

Figure 3. The quantitative cycle of quality can be envisioned as
driven by discovery science (both physical and behavioral),
which leads to inventions that may lead to medical therapy or
technology that can be evaluated in clinical trials. If the clinical
trials are adequately designed and performed to produce a
definitive result to inform clinical practice, a clinical practice
guideline could be devised. Clear clinical practice guidelines can
be used to derive performance indicators, which can be used to
measure clinical performance (for example, patients with ele-
vated LDL cholesterol should be treated with a statin). Practices
with better performance as measured by adherence to perfor-
mance indicators should have better outcomes, and by measur-
ing outcomes, deviations can stimulate new discoveries and
clinical trials. Adapted with permission from Garson A. Presi-
dent’s page: The great circle: a target for better patient care.
J Am Coll Cardiol. 1999;34:294–295.
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Recently, patients with acute coronary syndromes have ex-
perienced major benefits that have been parlayed into mea-
surable improvements in survival.20 These efforts are com-
pletely dependent on the volunteer, altruistic spirit of patients
and the willingness of busy doctors to engage in clinical trial
efforts. As the “rules of the game” are being increasingly
defined in terms of conflict of interest,21 norms of payment
for clinical research services and obligations under ethical
constructs of human experimentation,22 a fair balance will
need to be maintained to improve adherence to ethical norms
while not paralyzing efforts to make progress in clinical
research. This should include not only participating in indi-
vidual trials, but also providing feedback on the constantly
evolving process of developing better approaches to organiz-
ing trials, interpreting the results, and translating the research
findings into practice.
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