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Abstract

Heart failure is a common and costly medical condition. Ischemic heart disease and hypertension account for most cases of heart
failure in developed countries. Estimates of the one-year mortality rates for patients with New York Heart Association (NYHA)
Class II, III, and IV are 10%, 20%, and 40%, respectively. Angiotensin-converting enzyme (ACE) inhibitors reduce mortality of
heart failure patients by approximately 25% (odds ratio 0.77, 95% CI 0.67–0.88). Larger doses of ACE inhibitors are more effective
in preventing hospitalization than are lower doses. Angiotensin II receptor blockers (ARBs) are an alternative for patients who
cannot tolerate ACE inhibitors because of their side effects (e.g., cough). Evidence for benefits of using combination of ACE
inhibitors and ARBs is encouraging, but requires further study. For patients who cannot tolerate either ACE inhibitors or ARBs,
vasodilator therapy with hydralazine and nitrates will probably provide benefit. (Diuretic therapy, while a mainstay of heart failure
treatment, is primarily used for symptom relief.) There is also evidence that spironolactone reduces mortality (relative risk reduc-
tion 30%, 95% CI 18 – 40%) for patients with NYHA class III and IV heart failure. When administering spironolactone to heart
failure patients, monitoring for hyperkalemia is essential. After two centuries of use, randomized controlled trials have finally
demonstrated that digoxin is effective in preventing hospitalizations (relative risk reduction 28%, 95% CI 21 – 34%). There is now
overwhelming evidence that beta-blockers are safe for heart failure patients but that they reduce the risk of death for these patients
by approximately 30%. In addition to these medical interventions, heart failure patients may also benefit from a number of non-
pharmacological interventions.
Key Words: Heart failure, digitalis, beta-blockers, anti-arrhythmic agents, anticoagulation, ventricular assist device, exercise, ran-
domized controlled trials.

FOLLOWING THE TENETS of evidence-based med-
icine (1), this paper will highlight results from
randomized trials and insights from controlled
trial methodology which guide us in managing
patients with heart failure.

Epidemiology, Diagnosis, and Prognosis

Studies of heart failure incidence suffer
from lack of agreement regarding definition,
from variability in methods and criteria, and
from a paucity of population-based studies. Es-
timates of heart failure incidence vary from

1.0 – 5.0 per thousand per annum, increasing
substantially with age to a level as high as 40
cases per thousand in those older than 75 years
of age (2). This corresponds to a prevalence of
1% in those 50 – 59, and 10% in those older
than 80 (3). Only about 5% of symptomatic pa-
tients have severe heart failure (4).

In the more industrialized countries, is-
chemic coronary disease and hypertension ac-
count for most cases of heart failure (5, 6).
Valvular disease and viral, idiopathic and alco-
holic cardiomyopathy do occur with somewhat
lesser frequency. On occasion, clinicians may
see thyroid disease and hemochromatosis,
which are treatable causes of heart failure. All
told, multiple hospitalizations, the many med-
ications, and the home care requirements result
in a yearly cost of treating heart failure patients
that may be as high as $22,000 per person (7).

The classic heart failure symptoms of dys-
pnea, orthopnea, and paroxysmal nocturnal
dyspnea lack specificity — many patients with
other conditions report identical symptoms (8).
The same is true for the most easily detected
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physical sign, peripheral edema (5). This prob-
ably explains the findings of two studies that
examined the accuracy of the diagnosis of heart
failure by primary care physicians and found
false positive rates of 47% (9) and 55% (10).
Physical findings of a third heart sound, ele-
vated jugular veins, and pulmonary crackles are
more specific (11), though the last of these is
prominent in one easily confused condition,
pulmonary fibrosis. The diagnosis may be more
difficult for older patients, of whom 30 – 40%
with heart failure may have primarily diastolic
dysfunction (11). The chest radiograph is help-
ful, despite the poor relationship between heart
size and left ventricular function and between
upper-lobe distension and pulmonary capillary
wedge pressure (12). The limitations of history,
physical examination, and chest radiographs
lead experts to recommend routine echocardio-
graphy for patients suspected to have heart fail-
ure. B-natriuretic peptide shows promise as a
laboratory test for differentiating between pa-
tients with and without left ventricular dysfunc-
tion, and may obviate the need for echocardio-
gram for some patients (13).

A clear picture of the prognosis for heart
failure is also difficult, because while studies
almost invariably classify patients according to
the New York Heart Association (NYHA) func-
tional classification, the between-observer
agreement in NYHA class is poor (14). In any
case, available evidence suggests that neither
the incidence nor the prognosis of heart failure
has changed dramatically over the last two
decades (15). Despite limitations of the studies,
one-year survival rates of older patients with
severe heart failure are no higher than 60%
(16). A recent population-based study found
that one-year mortality of patients hospitalized
with heart failure was greater than 30%, with
even poorer prognosis for older patients with
multiple comorbidity (17). Reasonable current
estimates would suggest one-year mortalities
for NYHA Class II, III and IV patients of 10%,
20% and 40%, respectively.

Management — Where to Look for Best 
Evidence

We offer our patients treatment for two rea-
sons: to help them live longer and feel better.
Uncontrolled observations, or observations
from studies of weak design, may provide mis-
leading estimates of treatment efficacy. Ten
years ago, we were offering heart failure pa-
tients prophylactic anti-arrhythmic agents that

we now know led to premature death, while with-
holding beta blockers that would have helped
them live both longer and better. The cardiology
community was divided between vociferous ad-
vocates of digoxin and equally vociferous oppo-
nents. Only rigorously conducted, blinded, ran-
domized controlled trials (RCTs) in which patient
follow-up was complete and patients were ana-
lyzed in the groups to which they were random-
ized (18) have opened our eyes to the true bene-
fits and harms of these interventions.

RCTs are inevitably limited by random
error, and by the particular patient population
and intervention that the investigators choose to
study. Meta-analyses that pool results across
RCTs provide a powerful tool to help deal with
both of these limitations. To avoid bias, meta-
analyses must themselves be rigorously con-
ducted. For these systematic reviews, avoiding
bias requires eligibility criteria that are both ex-
plicit and appropriate (appropriate, in that
across the range of pooled patients, interven-
tions, outcomes and methodologies, we expect
more or less the same treatment effect), and a
comprehensive and reproducible search for rel-
evant studies (19). Furthermore, investigators
must evaluate the methodological quality of the
original studies; poorly designed studies will
yield biased estimates, regardless of the rigor of
the meta-analytic methods. Finally, meta-ana-
lysts must look carefully to see if study results
are similar for different patients, interventions,
measurements of outcome, and study method-
ologies (20). Our summary of the evidence
shall, wherever possible, rely on systematic re-
views that meet these criteria.

Judging the Magnitude of Treatment Effects

Because they must always trade off benefit
and harm, clinicians cannot be satisfied with
just knowing whether treatments work. They
must attend also to the magnitude of the benefit
patients can expect. The relative risk reduction
(RRR) provides one way of expressing the ex-
tent to which treatments reduce the relative risk
(RR) of an adverse outcome (for instance, they
may cut the risk by 1/2 or by 1/4). The RRR may,
however, be misleading. For patients with a 2%
risk of dying, a treatment with an RRR of 50%
will reduce the risk to 1%. The situation is very
different when the patient’s risk of dying is
40%, when the same treatment will cut the risk
to 20%. Thus, the first patient experiences an
absolute benefit of 1%, and the second of 20%.
A compelling way to present such results uses
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the number needed to treat (NNT), the number of
patients we must treat over a particular time period
to prevent an adverse outcome such as death,
stroke, or myocardial infarction. We would need to
treat 100 of the low-risk patients described to save
one life, but only 5 of the high-risk patients (21).

Vasodilators

A rigorously conducted, systematic review
of RCTs has examined the effect of an-
giotensin-converting enzyme (ACE) inhibitors
for heart failure (22). The investigators found
that ACE inhibitors reduce mortality by approx-
imately 25% (odds ratio 0.77, 95% CI
0.67 –0.88). The effect was consistent across all
NYHA functional classes and all ACE in-
hibitors. This implies that clinicians would need
to treat approximately 40 NYHA Class II pa-
tients and 10 Class IV patients for a year with
ACE inhibitors in order to prolong a single life.
Another meta-analysis of five trials that used
individual data (23) showed a similar result
(odds ratio 0.80, 95% CI 0.74 –0.87) and also
suggested lower rates of admission for heart
failure (OR 0.67, 95% CI 0.61 –0.74).

Clinicians can be confident of the applicabil-
ity of these findings if they prescribe the rela-
tively large daily doses of ACE inhibitors used in
the RCTs (captopril 100 – 150 mg, enalapril 20
mg) (24). One large RCT (25) has compared the
use of a very large dose of lisinopril to a very
small dose, for patients with heart failure. The
large dose was associated with a 12% reduction
in the RR of death or hospitalization (95% CI
4 – 18%). These results support administration of
high doses of ACE inhibitors for heart failure.

Some patients cannot tolerate ACE in-
hibitors (ACEIs), most commonly because of
cough or renal failure with hyperkalemia. For
such patients, what are the options? A system-
atic review of 17 RCTs of angiotensin II recep-
tor blockers (ARBs) showed a trend toward de-
creased mortality (OR 0.68, 95% CI 0.38 –
1.22) and decreased hospitalization (OR 0.67,
95% CI 0.29 – 1.51) for the relatively small
number of patients who participated in placebo-
controlled trials of ARBs in comparison with
background ACE inhibitor therapy. When com-
pared directly with ACEIs, ARBs showed a
weak trend toward increased mortality (OR
1.09, 95% CI 0.92 – 1.29) and an even weaker
trend toward decreased hospitalization (OR
0.95, 95% CI 0.80 – 1.13) (26). In contrast, the
combination therapy of ARBs and ACEIs was
superior to ACEIs alone in reducing hospital-

ization (OR 0.74, 95% CI 0.64 –0.86), but not
mortality (OR 1.04, 95% CI 0.91 – 1.20). Sub-
group analyses, however, have suggested that
patients already on both ACEIs and beta-block-
ers may do less well when taking an ARB (26).

The combination of hydralazine and an oral
nitrate represents another alternative to an
ACEI. The evidence supporting this combina-
tion comes from a single RCT which reported a
mortality rate of 34.3% for 273 placebo-treated
heart failure patients and 25.6% for 186 pa-
tients treated with hydralazine and nitrates after
two years of follow-up (27). The associated
RRR of approximately one-third of those pa-
tients was on the borderline of conventional
levels of statistical significance, and the usually
preferable survival analysis failed to cross the
conventional 0.05 boundary. A subsequent
study demonstrated a mortality reduction when
using an ACEI as compared to the hydralazine/
nitrate combination (28).

Diuretics

Diuretics are a mainstay of treatment for
heart failure patients, and their dramatic impact
on symptoms has obviated the necessity for
RCTs. Loop diuretics are usually required,
though their effectiveness decreases as heart fail-
ure severity increases, particularly for patients
with decreased renal function, (29, 30). When
loop diuretic resistance becomes sufficiently se-
vere, patients require the addition of a thiazide or
spironolactone (31). Metolazone is popular in
North America, though its continuous use tends
to be associated with hyponatremia, hypo-
chloremic alkalosis, and hypokalemia (32). Its
best use may be as an intermittent treatment in re-
sponse to weight gain caused by fluid retention.

A single trial involving 1663 patients with
NYHA Class III and IV heart failure has sug-
gested a possible mortality reduction with al-
dosterone-blocking therapy. Patients received
12.5 – 50 mg of spironolactone or matched
placebo each day, depending on their serum
potassium. The study, which was stopped early
(mean follow-up of 24 months) because of evi-
dence of benefit, showed an RRR of 30% (95%
CI 18 – 40%). Symptomatic hyperkalemia was
infrequent in the context of the trial, but may be
more frequent in routine clinical practice.

Digoxin

After two centuries of digoxin use, RCTs
have finally yielded a clear picture of the drug’s
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effect on heart failure patients in sinus rhythm.
A large Digitalis Investigation Group (DIG)
study (33) confirmed the findings of a meta-
analysis of small RCTs conducted prior to 1990
(34) and two subsequent RCTs of digoxin with-
drawal (35, 36), which suggested that digoxin
can reduce the incidence of heart failure exac-
erbations. After enrolling more than 6,500 pa-
tients and achieving an average follow-up of 37
months, the DIG study group found nearly
equal mortality among treated and control pa-
tients, but a reduction in heart failure hospital-
izations with digoxin (26.8% vs. 34.7%, RR
0.72, 95% CI 0.66 –0.79).

Previously hospitalized heart failure pa-
tients are at high risk of readmission. For in-
stance, consistent with the DIG results, in the
Assessment of Treatment with Lisinopril and
Survival (ATLAS) trial that tested high- and
low-dose lisinopril in 3,164 heart failure pa-
tients, more than 60% required hospitalization
for a cardiovascular cause during an average
follow-up of just under 4 years (37). If one were
to consider a relatively low yearly risk of hos-
pitalization of 10%, one would need to treat ap-
proximately 35 patients with digoxin for a year
to prevent one hospitalization. The NNT would
drop further for those with a higher hospitaliza-
tion risk. Digoxin should be administered with
caution to patients with renal dysfunction or AV
nodal conduction abnormalities.

Beta-Blockers

The literature includes a profusion of meta-
analyses of beta-blocker therapy for heart fail-
ure (38 – 43). While methods and results differ,
all are sound and yield consistent findings.
While increasing the ejection fraction, beta-
blockers reduce the relative risk of dying by
about 30%, with the lower boundary of the 95%
CI of 10 – 15%. Patients with ischemic and non-
ischemic cardiomyopathy can expect similar
benefits. For patients with severe heart failure,
of whom 40% might die in less than one year,
the clinician must treat 8 – 9 patients with beta-
blockers for one year to prolong one life; the
number would be around 35 for lower risk
NYHA Class II patients. Like digoxin, beta-
blockers can exacerbate tendencies to bradycar-
dia or increase the level of AV block in those
with AV nodal disease.

One recent meta-analysis suggests the pos-
sibility that vasodilating beta-blockers have a
larger impact on reducing mortality than do
beta-blockers without vasodilating properties

(44). However, strong inferences regarding the
relative effect of vasodilating and non-vasodi-
lating beta-blockers must await head-to-head
comparisons between the two subclasses.

Antiarrhythmic Agents

In the Framingham Heart Study, approxi-
mately 50% of all deaths of heart failure pa-
tients occurred within one hour of onset of
symptoms (45), and sudden death continues to
account for half the mortality in recent trials of
pharmacologic therapy in heart failure (46).

In the past, cardiologists and internists
often responded to Holter monitor findings of
nonsustained ventricular tachycardia (NSVT) in
patients with coronary artery disease or heart
failure by prescribing Class I antiarrhythmic
agents that include quinidine, procainamide,
disopyramide, mexiletine, encainide, fle-
cainide, and moricizine. Despite the ability of
the last three drugs to obliterate nonlethal ar-
rhythmias, individual trials paradoxically have
shown that they are associated with a statisti-
cally significant increase in sudden death (47,
48). Moreover, a rigorously conducted meta-
analysis of all 51 RCTs of Class I agents con-
firmed an increase in mortality (odds ratio 1.14,
95% CI 1.01 – 1.28) (49).

In 1997, the investigators of all 13 RCTs of
amiodarone, a Class III agent, reported a meta-
analysis that combined individual patient data
from all of their trials (50). Of these studies, 5
were undertaken for heart failure patients and 8
for patients after myocardial infarction. Their
pooled analysis showed an RRR for sudden
death of 29% (95% CI 15 – 41%), and a total
mortality of 15% (95% CI 2 – 29%), with con-
sistent effects in the follow-up trials for myo-
cardial infarction and heart failure. These re-
sults suggest that treating 100 NYHA Class II
heart failure patients with nonsustained ventric-
ular tachycardia would prolong the lives of 3
patients (NNT approximately 35) and similar
treatment for 100 NYHA Class IV patients
would prolong 12 lives (NNT approximately 8).
However, in treating 100 patients, we would
cause 6 patients to become hypothyroid, 1 to
become hyperthyroid, 2 to develop bradycardia,
and 1 to develop pulmonary infiltrates (49).

Anticoagulation

Most patients with heart failure and atrial
fibrillation are likely to choose warfarin ther-
apy to prevent stroke over aspirin therapy or no
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treatment. A reasonable estimate of the one-
year risk of having an embolic stroke for heart
failure patients over 65 is 8% (51). A meta-
analysis of five RCTs of the use of warfarin for
patients with non-valvular atrial fibrillation
showed a 68% relative risk reduction, with a CI
of 50 – 79%. With conscientious monitoring of
international normalized ratio (INR), the risk of
serious gastrointestinal bleeding in the course
of one year is likely to be 1% or less (52). Thus,
for 100 patients treated for one year, 1 patient
will have a serious bleed (number needed to
harm 100) and 5 – 6 patients will avoid a stroke
they would otherwise have suffered (NNT
18 – 20).

For patients in stable sinus rhythm, the de-
cision regarding anticoagulation becomes
more difficult. Reasons include the lower risk
of thromboembolism and, more important, the
lack of an RCT directly addressing this ques-
tion (53). A decision to treat such patients
therefore depends on observational studies
and generalizations from trials for patients
with atrial fibrillation. A decision analysis ad-
dressing this issue suggested that patients
with severe heart failure, for whom taking
warfarin is not problematic and whose bleed-
ing risk is low, will benefit from anticoagula-
tion (54). A conservative “do no harm” ap-
proach would withhold anticoagulants pend-
ing the conduct of an RCT directly addressing
this issue.

Non-pharmacologic Therapy

Heart transplant provides a last resort op-
tion for some patients with severe heart failure.
A randomized trial has shown that a ventricular
assist device decreases mortality and improves
quality of life over the period of one year, for
patients with severe heart failure (55). Differ-
ences in survival between groups were no
longer significant at 2 years.

The last decade has seen a growing interest
in exercise rehabilitation for patients with heart
failure. A systematic review of studies of exer-
cise capacity identified 14 parallel group RCTs
and 8 randomized cross-over studies. The re-
sults suggest short-term improvement in quality
of life for heart failure patients participating in
exercise programs (56). The participants, how-
ever, were not representative of most patients in
the community, in that they were younger and
had minimal co-morbidity. Much larger trials
will be required to determine effects on hospi-
talizations or mortality.

Organizing care for a patient with severe
heart failure is both challenging and crucial. A
systematic review of randomized clinical trials
of disease management programs for patients
with heart failure identified 11 RCTs involving
2,067 patients with heart failure. Overall, the
interventions reduced hospitalizations (RR
0.87, 95% CI 0.79 –0.96), but not all-cause
mortality (RR 0.94, 95% CI 0.75 – 1.19) (57).
The results, however, differed across interven-
tions. Specialized follow-up by a multidisci-
plinary team led to a substantial reduction in
the risk of hospitalization (RR 0.77, 95% CI
0.68 –0.86, n=1,366), whereas trials employ-
ing telephone contact and improved coordina-
tion of primary care services failed to find any
benefit (RR 1.15, 95% CI 0.96 – 1.37, n=646).
Disease management programs were cost sav-
ing in 7 of the 8 trials that reported cost data.
An RCT of a nurse specialist program pub-
lished subsequent to this systematic review
showed consistent results, with a substantial
reduction in a combined endpoint of death and
hospitalization (hazard ratio 0.61, 95% CI
0.33 –0.96) (58).

These results emphasize the importance of
compliance-enhancing maneuvers and intensive
follow-up for patients with congestive heart
failure (CHF). A systematic review of 116 RCTs
of compliance-enhancing maneuvers further re-
inforces the message (59). No single category
of intervention was superior, but comprehen-
sive interventions combining education (indi-
vidual or group; oral, written, or audiovisual
presentations), behavioral (packaging, mail or
telephone reminders) and affective (home visits
and family support) components were more ef-
fective than single-focus interventions.

Individualizing the Care of the Heart 
Failure Patient

In our discussion, we have placed great em-
phasis on RCTs and meta-analyses of RCTs.
Yet, heterogeneity of patient response limits the
usefulness of positive RCTs: is our patient a
non-responder to an intervention that benefits
only some of the target population? For inter-
ventions directed at evaluating and preventing
distant events such as death or hospitalizations,
an entire population must be treated since iden-
tifying individual responders and non-respon-
ders is never possible. However, when the ques-
tion concerns symptomatic benefit or possible
side effects, individualizing therapy becomes a
possibility.
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Clinicians traditionally respond to these lat-
ter situations with trials that institute, or with-
hold, therapy. Often, however, bias may intrude
in deciding whether there is a causal connection
between the intervention and the target out-
come. Particularly when symptoms are the
issue, natural history, expectations, placebo ef-
fects, and the patient’s desire to please may all
contribute to spurious inferences (60).

A methodology exists for making strong in-
ferences about intervention effects for an indi-
vidual patient (61). The approach, called “N of
1” RCT, involves pairs of treatment periods in
which the patient receives active treatment dur-
ing one period of each pair, and a matching
placebo during the other period (Fig.). The
treatment target, most often a symptom or
group of symptoms, is monitored quantitatively
during each period. Pairs of treatment periods
are repeated, until both the patient and clinician
become convinced of the treatment’s effect or
lack of effect. Utilizing the full methodology is
challenging, but individual components can be
more easily implemented. Repeatedly introduc-
ing and withdrawing a treatment, and quantitat-
ing patient symptoms, will strengthen infer-
ences about the intervention’s impact.

How might such an approach benefit pa-
tients with heart failure? Digoxin varies in its
impact on symptoms; N of 1 trials can resolve
the issue of symptomatic benefit for individual
patients. For patients for whom one might hesi-
tate to prescribe beta-blockers because of possi-
ble adverse effects on symptoms (such as pa-
tients with chronic airflow limitation or relative
bradycardia), one can test the impact of the drug
in an N of 1 RCT. For patients suffering from
concomitant angina despite beta-blockers and

nitrates, one can use N of 1 methods to deter-
mine the symptomatic impact of adding a cal-
cium-channel blocker, such as amlodopine, with-
out negative cardiac effects in heart failure (62).

Conclusion

Heart failure patients who place a high
value on prolonging life, and who have no con-
traindications, will wish to take both ACEI and
beta-blockers, and may well choose to take
spironolactone as well. Digoxin will benefit pa-
tients who wish to lower a high risk for hospital
readmission. Patients interested in maximizing
their quality of life will want to take advantage
of exercise programs if they are offered in their
community. If possible, a multidisciplinary
team should co-ordinate the care of heart failure
patients, with likely consequences of reduced
hospitalization and reduction in costs.

References

1. Guyatt GH. Evidence-based medicine [editorial]. ACP Journal
Club 1991:A-16. (Ann Intern Med 114 Suppl 2).

2. Cowie MR, Mosterd A, Wood DA, et al. The epidemiology of
heart failure. Eur Heart J 1997; 18:208 – 225.

3. Ho KKI, Pinsky JL, Kannel WB, Levy D. The epidemiology of
heart failure: the Framingham study. J Am Coll Cardiol
1993; 22(Suppl A):6A– 13A.

4. Adams KF Jr, Zannand F. Clinical definition and epidemiology
of advanced heart failure. Am Heart J 1998; 135:S204 –S215.

5. Kannel WB, Ho K, Thom T. Changing epidemiological features
of cardiac failure. Br Heart J 1994; 72(2 Suppl):S3 –S9.

6. Teerlink JR, Goldhaber SZ, Pfeffer MA. An overview of con-
temporary etiologies of congestive heart failure. Am Heart J
1991; 121:1852 – 1853.

7. Schulman KA, Buxton M, Glick H, et al. Results of the eco-
nomic evaluation of the first study. A multinational prospec-
tive economic evaluation. FIRST Investigators. Flolan Inter-
national Randomized Survival Trial. Int J Technol Assess
Health Care 1996;12(4):698 – 713.

8. Harlan WR, Obermann A, Grimm R, Rosati RA. Chronic con-
gestive heart failure in coronary artery disease: clinical crite-
ria. Ann Intern Med 1977; 86:133 – 138.

9. Wheeldon NM, MacDonald TM, Flucker CJ, et al. Echocardio-
graphy in chronic heart failure in the community. Q J Med
1993; 86:17 – 23.

10. Remes J, Reunanen A, Aromaa A, Pyorala K. Incidence of heart
failure in eastern Finland: a population-based surveillance
study. Eur Heart J 1992; 13:588 – 593.

11. Tresch DD. The clinical diagnosis of heart failure in older
patients. J Am Geriatr Soc 1997; 45:1128 – 1133.

12. Cleland JGF, Habib F. Assessment and diagnosis of heart fail-
ure. J Intern Med 1996; 239:317 – 325.

13. Krishnaswamy P, Lubien E, Clopton P, et al. Utility of B-natriuretic
peptide levels in identifying patients with left ventricular sys-
tolic or diastolic dysfunction. Am J Med 2001; 111:274 – 279.

14. Goldman L, Hashimoto B, Cook EF, Loscalzo A. Comparative
reproducibility and validity of systems for assessing cardio-
vascular functional class: advantages of a new specific activ-
ity scale. Circulation 1981; 64:1227 – 1234.

Fig. A schematic representation of an N of 1 randomized
trial. The arrows represent measurements of the target out-
come, generally patient’s symptoms. The “PRN” repre-
sents the possibility of repeating the pairs of treatment pe-
riods until both patient and physician are satisfied that the
patient does, or does not, benefit.



Vol. 71 No. 1 A REVIEW OF HEART FAILURE TREATMENT—GUYATT 53

15. Senni M, Tribouilloy CM, Rodeheffer RJ, et al. Congestive
heart failure in the community. Arch Intern Med 1999;
159:29 – 34.

16. Kalon KLH, Keaven MA, Kannel WB, et al. Survival after the
onset of congestive heart failure in Framingham heart sub-
jects. Circulation 1993; 88:107 – 115.

17. Jong P, Vowinckel E, Liu PP, et al. Prognosis and determinants
of survival in patients newly hospitalized for heart failure: a
population-based study. Arch Intern Med 2002;
162:1689 – 1694

18. Guyatt G, Cook D, Devereaux PJ, et al. Therapy. In: Guyatt G,
Rennie D. The users’ guides to the medical literature: a man-
ual for evidence-based clinical practice. Chicago (IL): AMA
publications; 2002. pp. 55 – 79.

19. Oxman A, Guyatt G, Cook D, Montori V. Summarizing the evi-
dence. In: Guyatt G, Rennie D. The users’ guides to the med-
ical literature: a manual for evidence-based clinical practice.
Chicago (IL): AMA publications; 2002. pp. 155 – 173.

20. Montori V, Hatala R, Guyatt G. Evaluating differences in study
results. In: Guyatt G, Rennie D. The users’ guides to the
medical literature: a manual for evidence-based clinical
practice. Chicago (IL): AMA publications; 2002. pp.
549 – 552.

21. Jaeschke R, Guyatt G, Barratt A, et al. Measures of association.
In: Guyatt G, Rennie D. The users’ guides to the medical lit-
erature: a manual for evidence-based clinical practice.
Chicago (IL): AMA publications; 2002. pp. 351 – 368.

22. Garg R, Yusuf S. Overview of randomized trials of angiotensin-
converting enzyme inhibitors on mortality and morbidity in
patients with heart failure. JAMA 1996; 273:1450 – 1456.

23. Flather MD, Yusuf S, Kober L, et al. Long-term ACE-inhibitor
therapy in patients with heart failure or left-ventricular dys-
function: a systematic overview of data from individual
patients. ACE-Inhibitor Myocardial Infarction Collaborative
Group. Lancet 2000; 355:1575 – 1581.

24. Visser FC, Visser CA. Current controversies with ACE inhibitor
treatment in heart failure. Cardiology 1996; 87:23 – 28.

25. Packer M, Poole-Wilson PA, Armstrong PW, et al. Comparative
effects of low and high doses of the angiotensin-converting
enzyme inhibitor, lisinopril, on morbidity and mortality in
chronic heart failure. ATLAS Study Group. Circulation
1999; 100:2312 – 2318.

26. Jong P, Demers C, McKelvie RS, Liu PP. Angiotensin receptor
blockers in heart failure: meta-analysis of randomized con-
trolled trials. J Am Coll Cardiol 2002; 39:463 – 470.

27. Cohn JN, Archibald DG, Ziesche S, et al. Effect of vasodilator
therapy on mortality in chronic congestive heart failure.
Results of a Veterans Administration Cooperative Study. N
Engl J Med 1986; 314:1547 – 1552.

28. Cohn JN, Johnson G, Ziesche S, et al. A comparison of enalapril
with hydralazine-isosorbide dinitrate in the treatment of
chronic congestive heart failure. N Engl J Med 1991;
325:303 – 310.

29. Brater DC. Diuretic therapy. N Engl J Med 1998; 339:387 – 395.
30. Konstan MA, Remme WJ. Treatment guidelines in heart failure.

Prog Cardiovasc Dis 1998; 41:65 – 72.
31. Stevenson LW, Massie BM, Francis GS. Optimizing therapy for

complex or refractory heart failure: a management algorithm.
Am Heart J 1998; 135(6 Pt 2 Su):S293 –S309.

32. Dormans TPJ, Gerlag PGG, Russel FGM, Smits P. Combination
diuretic therapy in severe congestive heart failure. Drugs
1998; 55:165 – 172.

33. The Digitalis Investigation Group. The effect of digoxin on mor-
tality and morbidity in patients with heart failure. N Engl J
Med 1997; 336:525 – 533.

34. Jaeschke R, Oxman AD, Guyatt GH. To what extent do conges-
tive heart failure patients in sinus rhythm benefit from
digoxin therapy? A systematic review and meta-analysis. Am
J Med 1990; 88:279 – 286.

35. Packer M, Gheorghiade M, Young JB, et al. Withdrawal of
digoxin from patients with chronic heart failure treated with
angiotensin-converting-enzyme inhibitors. N Engl J Med
1993; 329:1 – 7.

36. Uretsky BF, Young JB, Shahidi FE, et al. Randomized study
assessing the effect of digoxin withdrawal in patients with
mild to moderate chronic congestive heart failure. J Am Coll
Cardiol 1993; 22:955 – 962.

37. Cleland JG, Thygesen K, Uretsky BF, et al. ATLAS investiga-
tors. Cardiovascular critical event pathways for the progres-
sion of heart failure: a report from the ATLAS study. Eur
Heart J 2001; 22:1601 – 1612.

38. Zarembski DG, Nolan PE, Slack MK, Lui CY. Meta-analysis of
the use of low-dose beta-adrenergic blocking therapy in idio-
pathic or ischemic dilated cardiomyopathy. Am J Cardiol
1996; 77:1247 – 1250.

39. Doughty RN, Rodgers A, Sharpe N, MacMahon S. Effects of
beta-blocker therapy on mortality in patients with heart fail-
ure. Eur Heart J 1997; 18:560 – 565.

40. Heidenreich PA, Lee TT, Massie BM. Effect of beta-blockade on
mortality in patients with heart failure: a meta-analysis of ran-
domized clinical trials. J Am Coll Cardiol 1997; 30:27 – 34.

41. Avezum A, Tsuyuki RT, Pogue J, Yusuf S. Beta-blocker therapy
for congestive heart failure: a systematic overview and criti-
cal appraisal of the published trials. Can J Cardiol 1998;
14:1045 – 1053.

42. Lechat P, Packer M, Chalon S, et al. Clinical effects of beta-
adrenergic blockade in chronic heart failure: a meta-analysis
of double-blind, placebo-controlled, randomized trials. Cir-
culation 1998; 98:1184 – 1191.

43. Brophy JM, Joseph L, Rouleau JL. Beta-blockers in congestive
heart failure. A Bayesian meta-analysis. Ann Intern Med
2001; 134:550 – 560.

44. Bonet S, Agusti A, Arnau JM, et al. Beta-adrenergic blocking
agents in heart failure: benefits of vasodilating and non-vasodi-
lating agents according to patients’ characteristics: a meta-
analysis of clinical trials. Arch Intern Med 2000; 160:621 – 627

45. Kannel WB, Plehn JF, Cupples LA. Cardiac failure and sudden
death in the Framingham study. Am Heart J 1988;
115:869 – 875.

46. Bigger JT Jr. Why patients with congestive heart failure die:
arrhythmias and sudden cardiac death. Circulation 1987;
75(5 Pt 2):IV28 –IV35.

47. Echt DS, Liebson PR, Mitchell LB, et al. Mortality and morbid-
ity in patients receiving encainide, flecainide or placebo: the
Cardiac Arrhythmia Suppression Trial. N Engl J Med 1991;
324:781 – 788.

48. The Cardiac Arrhythmia Suppression Trial II Investigators.
Effect of antiarrhythmic agent moricizine on survival after
myocardial infarction. N Engl J Med 1992; 327:227 – 233.

49. Teo KK, Yusuf S, Furberg CD. Effects of prophylactic antiar-
rhythmic drug therapy in acute myocardial infarction. JAMA
1993; 270:1589 – 1595.

50. Amiodarone Trials Meta-Analysis Investigators. Effect of pro-
phylactic amiodarone on mortality after acute myocardial
infarction and in congestive heart failure: meta-analysis of
individual data from 6500 patients in randomised trials.
Lancet 1997; 350:1417 – 1424.

51. Laupacis A, Boysen G, Connolly S, et al. Risk factors for stroke
and efficacy of antithrombotic therapy in atrial fibrillation.
Arch Intern Med 1994; 1554:1449 – 1457.



54 THE MOUNT SINAI JOURNAL OF MEDICINE January 2004

52. Levine MN, Raskob G, Landefeld S, Kearon C. Hemorrhagic
complications of anticoagulant therapy. Chest 2001; 119(1
Suppl):108S– 121S.

53. Koniaris LS, Goldhaber SZ. Anticoagulation in dilated car-
diomyopathy. J Am Coll Cardiol 1998; 31:745 – 748.

54. Tsevat J, Eckman MH, McNutt RA, Pauker SG. Warfarin for
dilated cardiomyopathy: a bloody tough pill to swallow?
Med Decis Making 1989; 9:162 – 169.

55. Louis AA, Manousous IR, Coletta AP, et al. Clinical trials
update: The Heart Protection Study, IONA, CARISA,
ENRICHD, ACUTE, ALIVE, MADIT II, and REMATCH.
Eur J Heart Fail 2002; 4:111 – 116.

56. Lloyd-Williams F, Mair FS, Leitner M. Exercise training and
heart failure: a systematic review of current evidence. Br J
Gen Practice 2002; 52:47 – 55.

57. McAlister FA, Lawson FM, Teo KK, Armstrong PW. A system-
atic review of randomized trials of disease management pro-
grams in heart failure. Am J Med 2001; 110:378 – 384.

58. Blue L, Lang E, McMurray JJ, et al. Randomised controlled trial
of specialist nurse intervention in heart failure. BMJ 2001;
323:715 – 718.

59. Roter DL, Hall JA, Merisca R, et al. Effectiveness of interven-
tions to improve patient compliance: a meta-analysis. Med
Care 1998; 36:1138 – 1161.

60. Guyatt GH, Sackett DL, Taylor DW, et al. Determining optimal
therapy — randomized trials in individual patients. N Engl J
Med 1986; 314:889 – 892.

61. Guyatt GH, Sackett DL, Adachi JD, et al. A clinician’s guide for
conducting randomized trials in individual patients. Can
Med Ass J 1988; 139:497 – 503.

62. Packer M, O’Connor CM, Ghali JK, et al. Effect of amlodopine
on morbidity and mortality in severe chronic heart failure. N
Engl J Med 1996; 335:1107 – 1114.


