
Clin. Cardiol. 30 (Suppl. I), I-16–I-24 (2007)

Trials and Tribulations Associated With Angina and Traditional
Therapeutic Approaches

Prakash C. Deedwania, M.D., Enrique V. Carbajal, M.D., Vishnu R. Bobba, M.D.

Division of Cardiology, Department of Medicine, Veterans Affairs Central California Health Care System, University of
California, San Francisco, School of Medicine, Fresno, California, USA

Summary

Ischemic heart disease is the foremost cause of death
in the United States and the developed countries. Stable
angina is the initial manifestation of ischemic heart dis-
ease in one half of the patients and becomes a recurrent
symptom in survivors of myocardial infarction (MI) and
other forms of acute coronary syndromes (ACS). There
are multiple therapeutic modalities currently available
for treatment of anginal symptoms in patients with sta-
ble CAD. These include anti-anginal drugs and myocar-
dial revascularization procedures such as coronary artery
bypass graft surgery (CABGS), percutaneous translu-
minal coronary angioplasty (PTCA) and percutaneous
coronary intervention (PCI). Anti-anginal drug therapy
is based on treatment with nitrates, beta blockers, and
calcium channel blockers. A newly approved antiangi-
nal drug, ranolazine, is undergoing phase III evaluation.
Not infrequently, combination therapy is often necessary
for adequate symptom control in some patients with sta-
ble angina. Howerever, there has not been a systematic
evaluation of individual or combination antianginal grug
therapy on hard clinical end points in patients with stable
angina. Most revascularization trials that have evaluated
treatment with CABGS, PTCA, or PCI in patients with
chronic CAD and stable angina have not shown signif-
icant improvement in survival or decreased incidence
of non-fatal MI compared to medical treatment. In the
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CABGS trials, various post-hoc analyses have identified
several smaller subgroups at high-risk in whom CABGS
might improve clinical outcomes. However, there are
conflicting findings in different reports and these find-
ings are futher compromised due to the heterogeneous
groups of patients in these trials. Moreover, no prospec-
tive randomized controlled trial (RCT) has confirmed
an advantage of CABGS, compared to medical treat-
ment, in reduction of hard clinical outcomes in any of
the high-risk subgroups. Based on the available data, it
appears reasonable to conclude that for most patients
(except perhaps in those with presence of left main dis-
ease >50% stenosis) there is no apparent survival benefit
of CABGS compared to medical therapy in stable CAD
patients with angina. Although these trial have reported
better symptom control associated with the revascular-
ization intervention in most patients, this has not been
adequately compared using modern medical therapies.
Available data from recent studies also suggest treatment
with an angiotensin converting enzyme inhibitor (ACEI),
a statin and a regular exercise regimen in patients with
stable CAD and angina pectoris.
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Introduction

Despite the decline in cardiovascular mortality,
ischemic heart disease remains the leading cause of
death in the United States and the developed countries.1,2

Stable angina is the initial manifestation of ischemic
heart disease in one-half of the patients. However, many
patients who survive myocardial infarction (MI) and
other forms of acute coronary syndromes also manifest
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anginal symptoms after the acute event.3 It can be esti-
mated that there are 30 cases of stable angina for every
patient with infarction who is hospitalized.1 Although
this estimate does not include patients who do not seek
medical attention for their chest pain or whose chest pain
has a noncardiac cause. Stable angina is important not
only because of its high prevalence, but also because of
its associated morbidity and mortality.

In many patients, anginal symptoms could be disabling
and frightening and present a challenge for the clinician
on a frequent basis. Effective treatment for symptom
control in patients with chronic stable angina is an
essential therapeutic goal to improve quality of life and
clinical outcomes.

The pathophysiologic basis of chronic stable angina
has been discussed elsewhere in this monograph. In
brief, angina occurs whenever there is regional myocar-
dial ischemia due to an imbalance between myocardial
perfusion and myocardial oxygen requirements. In most
patients myocardial ischemia occurs owing to a flow
limiting coronary stenotic lesion secondary to atheroscle-
rotic process. However, it is important to recognize that
although the high grade stenotic lesions are responsible
for the impaired coronary blood flow it is the less stenotic
(<50%) vulnerable plaques that are responsible for acute
coronary events. Therefore, the treatment of patients with
chronic stable angina should not only consist of symptom
relief by correcting the imbalance between myocardial
oxygen demand and supply but should also be directed
toward stabilization of the vulnerable plaque to reduce
the risk of future coronary events.

Symptom control is an important therapeutic target
in patients with chronic stable angina. Although there
are multiple medical and revascularization modalities
available for treatment of anginal symptoms, recent data
suggest that current therapies are not universally effec-
tive in controlling symptoms. For example, some recent
studies have shown that despite optimal percutaneous
revascularization many patients continue to have angi-
nal symptoms and as many as two thirds of the patients
might require one or more antianginal agents.1,3 It is also
known that persistence of symptoms in patients with sta-
ble angina is associated with depression and poor quality
of life.4 Additionally, the currently available antianginal
drugs are contraindicated or not well tolerated by some
patients. In this review we will examine and compare
the effectiveness of the current therapeutic modalities for
treatment of patients with angina and stable coronary-
artery disease (CAD).

Current Therapeutic Approaches for Symptom
Control

There are multiple therapeutic modalities currently
available for treatment of anginal symptoms in patients
with stable CAD. These include antianginal drugs and

myocardial revascularization procedures. Until recently
the antianginal drug therapy primarily consisted of
nitrates, beta-blockers, and calcium channel blockers
(CCBs). Although antianginal drug therapy is effective
in most patients it is not infrequent that many patients are
subjected to percutaneous or surgical revascularization.

Antianginal Drug Therapy

Several antianginal agents primarily nitrates, beta-
blockers, and CCBs (Table 1) have been used in the
management of symptoms in patients with chronic CAD
and stable angina pectoris.1,2,5–7 Although these drugs
have been found to be effective antianginal agents, there
is lack of data on the effect of such therapies on clinical
outcomes including MI and death in patients with chronic
CAD and stable angina.1,5,6 Despite the popularity of
nitrates and beta-blockers in patient with angina, these
drugs have not been evaluated in prospective randomized
clinical trials regarding their impact on hard clinical end-
points such as MI and cardiac death.

Nitrates

Nitrates exert their beneficial effects primarily by
venodilatation resulting in venous pooling of blood,
which reduces cardiac work and chamber size. Nitrates
are also systemic as well as coronary arterial vasodila-
tors; however, to what extent these effects account for
their antianginal efficacy is not well established (except
in patients with coronary artery spasm). It is well estab-
lished that sublingual nitroglycerine is the most effective
therapy for relief of anginal symptoms and all patients
with anginal symptoms should be given sublingual nitro-
glycerine. The long-acting nitrates are often prescribed
as prophylactic antianginal drugs and are particularly
effective in patients who are nitrate responders. How-
ever, because of the problem of nitrate tolerance during
long-term therapy it is essential to use eccentric dos-
ing scheme that provides a minimum of 10–12 h nitrate
free interval.1,5,6 Although effective in symptom control,
nitrate therapy has not been evaluated regarding impact
on cardiovascular outcomes.

Beta-blockers

Beta-blockers have been found to be effective antiang-
inal therapy by increasing exercise tolerance and decreas-
ing the frequency and severity of anginal episodes.1,2,5,6,8

Beta-blockers exert their effects through a reduction in
myocardial oxygen demand, which includes a decrease in
ventricular inotropy, decreased heart rate and a decrease
in the maximal velocity of myocardial fiber shortening.
Therapy with beta-blockers has been associated with
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TABLE 1 Pathophysiologic effects of antianginal drugs

Class Heart rate Arterial pressure Venous return Myocardial contractility Coronary flow

Beta-blockers ↓ ↓ ↔ ↓ ↔
DHP CCB ↑ ∗ ↓ ↔ ↓ ↑
NonDHP CCB ↓ ↓ ↔ ↓ ↑
Long-acting nitrates ↑ / ↔ ↓ ↓ ↔ ↑
Late Na+ current inhibitors ↔ ↔ ↔ ↔ † ↔
∗ Except amlodipine.
† Ranolazine: no direct effect but may prevent ischemia-related decline.

a reduced risk of death (sudden and nonsudden) and
reduced risk of MI in patients who survived an acute
MI. However, it is not known whether similar benefit
would occur in those without MI.

Although no prospective, randomized, controlled trial
(RCT) has evaluated the effect of therapy with beta-
blocker(s) on clinical outcomes in patients with chronic
CAD and stable angina, there is limited data available
regarding the impact of beta-blocker therapy on clini-
cal outcomes in asymptomatic or minimally symptomatic
patients with CAD. The atenolol silent ischemia study
(ASIST)9 evaluated the effects of atenolol on clinical
outcomes and ischemia during daily life in patients with
documented CAD who were asymptomatic or minimally
symptomatic (CCS class I or II). Compared to placebo,
treatment with atenolol was associated with a signifi-
cantly lower risk (11.1 vs. 25.3%, respectively) of the
primary combined end-point that included death, resusci-
tation from ventricular tachycardia/ fibrillation (VT/VF),
nonfatal MI, hospitalization for unstable angina, aggra-
vation of angina requiring known antianginal therapy, or
need for myocardial revascularization during the follow-
up period of 12 months. There were no differences
between the treatment groups on the incidence of individ-
ual hard end-points such as death and nonfatal MI most
likely because of a lack of power to identify significant
differences.

Calcium Channel Blockers

CCBs are potent coronary and systemic arterial vaso-
dilators and these agents reduce blood pressure as well as
cardiac contractility. CCBs have been shown to increase
coronary blood flow and are highly effective antiangi-
nal agents in patients with coronary artery spasm. CCBs
have become popular in treatment of patients with angina
primarily because of the relatively lower incidence of
side effects. However, like other antianginal drugs their
impact on cardiovascular outcomes has not been system-
atically evaluated in RCT. There is limited information
available from the ACTION study, a coronary disease
trial investigating outcomes with nifedipine gastrointesti-
nal therapeutic system (GITS),10 which evaluated the
effects of the long-acting CCB nifedipine (nifedipine
GITS) on the combined end-point defined as death, acute

MI, refractory angina, congestive heart failure, nonfatal
stroke, or need for peripheral arterial revascularization
in patients with stable symptomatic CAD. Compared to
placebo, therapy with nifedipine GITS was associated
with similar rates of the combined primary end-point
as well as the individual end-points of death, MI, and
stroke. Therapy with nifedipine GITS was associated
with a small, but statistically significant, reduction in the
“softer” end-points of need for coronary angiography and
need for coronary artery bypass graft surgery (CABGS).

Newer Antianginal Drugs

The recently approved new antianginal drug,
ranolazine, with novel mechanism of action (see article
by Chaitman) is being evaluated in the (MERLIN)-TIMI
36 trial, which is a phase III, randomized, double-blind,
parallel-group, placebo-controlled, multinational clinical
trial to evaluate the efficacy and safety of ranolazine,
during long-term treatment of patients with NSTE-ACS
receiving standard therapy (n = 6500). Ranolazine has
been shown to reduce ischemia in patients with chronic
stable angina by inhibiting the late sodium current,
thereby reducing cellular sodium and calcium overload.
The primary end-point is the time of first occurrence
of any element of the composite of cardiovascular death,
MI, or recurrent ischemia. Recruitment began in October
2004.

Combination Therapy

Combination therapy is often necessary for adequate
symptom control in some patients with stable angina. It
is important to realize that the best combination ther-
apy is the one that provides maximum symptoms relief
with relatively few adverse effects. In general, combi-
nation therapy should use a beta-blocker with nitrate
or CCB based on patient’s underlying co-morbid con-
ditions. Such combination may allow the clinician to use
lower doses of each agent to achieve symptom control
with minimal side effects. There has not been a system-
atic evaluation of combination therapy on hard clinical
end-points in patients with stable angina.
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Myocardial Revascularization

Several modalities of myocardial revascularization
have been evaluated and compared to medical treat-
ment in patients with chronic stable angina. These revas-
cularization modalities include CABGS and percuta-
neous coronary angioplasty (PTCA) with or without stent
deployment percutaneous coronary intervention (PCI).
In general, both myocardial revascularization techniques
are effective in relieving the anginal symptoms. How-
ever, despite myocardial revascularization some patients
might continue to experience symptoms. It is also impor-
tant to note that revascularization procedures are often
performed in asymptomatic patients with the hope of
reducing coronary events and cardiac death in patients
with stable CAD.

Comparison of Myocardial Revascularization
with Medical Therapy

During the past three decades several studies have
compared the impact of medical therapy vs. myocardial
revascularization in patients with CAD and stable angina.
In general the results of these studies have shown that
myocardial revascularization is usually more effective in
symptom control compared to the available antianginal
drug therapy. However, it is important to note that
since these trials were conducted the medical therapy of
patients with stable angina has improved considerably
with the routine use of beta-blockers, antiplatelet agents,
angiotensin converting enzymes inhibitors (ACEIs), and
lipid-lowering therapy with statins. A number of trials
using these drugs have shown that medical therapy
may be as effective as revascularization in controlling
symptoms and, when aggressive risk factor modification
is implemented, it is more effective in reducing the
risk of future coronary events in patients with CAD
and stable angina. In the following section we will
briefly review the results of the major clinical trials that
have compared the outcome of medical therapy with
myocardial revascularization in patients with stable CAD
and angina pectoris.

During the 1970s three major randomized CABGS
studies were conducted in patients with angina and sta-
ble CAD. These studies were the Veterans Administra-
tion Cooperative Study of Surgery (VACSS) for coro-
nary arterial occlusive disease, 11–17 the European coro-
nary surgery study (ECSS),18–23 and the National heart,
lung, and blood institute coronary artery surgery study
(CASS).24–27 The CASS trial also included a group of
post-MI asymptomatic patients.

In these trials, all randomized patients continued to
receive medical measures as needed for control of symp-
toms. In the VACSS, ECSS, and CASS studies, struc-
tured antianginal regimens were not provided, dosages
were not controlled, and medical treatment was provided

according to individual clinical practice patterns, thereby
making the comparisons less meaningful. The VACSS
and CASS trials included short- and long-acting nitrates
as well as propranolol as antianginal agents. In the ECSS
antianginal therapy was left to the clinical judgment.
Also, in all three trials, reduction in risk factors was
suggested but not enforced.

Various post hoc high-risk groups were identified in
each of the trials. The VACSS12,13 included patients
with left main coronary (LMC) artery involvement; LMC
+ (abnormal left ventricular function (LVF) or normal
LVF); no-LMC, 2v + abnormal LVF; 3v + abnor-
mal LVF; 1v, 2v, 3v, impaired LVF, nonimpaired LVF;
high angiographic risk (3v + impaired LVF); and low
angiographic risk ([1-2v + impaired LVF] or [1v-3v
+ normal LVF]). The ECSS18 included patients with
LMC; 2v; 3v; normal LVF; abnormal LVF; 2v + p-
LAD (<or >= 0.50 stenosis); 3v + p-LAD (<or >=
0.50 stenosis); p-LAD. The CASS24,25 post hoc high-
risk subgroups included patients with 1, 2, or 3v;
(LVEF <0.50); (LVEF >= 0.50); LVEF (< or >= 0.50)
+ (1, 2, or 3v); ST ↓ (< 1 >= 1, >2 mm); ETT
stages (= <1, 2, > = 3); ETT (angina or no-angina) +
(impaired LVF); CHF; CCSC angina; LMC; LAD (prox-
imal, mid, distal).

Using an intention to treat (ITT) analysis approach the
VACSS, ECSS, and CASS trials revealed similar mortal-
ity rates between the main CABGS and medical therapy
arms.14,19,26,27 The ECSS is the only trial that showed
on long-term follow-up a small, but statistically signifi-
cant, improvement in mortality rate with CABGS.19 The
rates of fatal and nonfatal MI) in these trials were simi-
lar between the patients who underwent CABGS, com-
pared to patient who did not undergo CABGS.17,23,25 The
VACSS is the only trial that reported a small, but statis-
tically significant, increase in the incidence of nonfatal
MI among patients who underwent CABGS.17

Several post hoc subgroups analyses were conducted
in each of these trials. The first report by the VACSS
was on the relatively small (n = 113) subgroup of
patients with involvement of the left main coronary
(LMC) disease.12 Although compared to medical ther-
apy, CABGS was associated with a significant lower
mortality risk (29.3% vs. 7.1%, respectively) by 36
months of follow-up the mortality difference between
the two groups was not statistically significant. This is
likely related, in part, to the progressive shrinking size of
the subgroup due to mortality during follow-up. In a sub-
sequent report,15 patients were further subgrouped into
those with a LMC showing a 50–75% stenosis (n = 47)
and those with a LMC stenosis >75% (n = 44). The sub-
group with a LMC showing a 50–75% stenosis revealed
no difference in mortality between the CABGS and no-
CABGS arms. However, the subanalysis of patients with
a LMC showing >75% stenosis revealed an impressive,
and statistically significant, reduction (17% vs. 52%,
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respectively) in mortality among CABGS patients com-
pared to patients who continued medical therapy. On the
basis of the findings from these subanalyses12,15 a rec-
ommendation to offer CABGS was issued for patients
receiving medical therapy. Subsequently it became stan-
dard practice to perform CABGS for patients with LMC
showing >50% stenosis. As such, no further attempts
have been made to confirm the results of VACSS in
patients with involvement of the LMC in any subse-
quent prospective randomized trials. Interestingly, in the
ECSS trial, the post hoc analysis of the LMC subgroup
revealed no difference in mortality between the CABGS
and no-CABGS arms.19

In an ensuing report, the VACSS evaluated another
subgroup without LMC involvement. This was the
angiographic-high risk subgroup (3-vessel CAD + im-
paired LV function).17 In this angiographic-high risk sub-
group, compared to the medical therapy arm, CABGS
improved survival up to 132 months of follow-up after
which this difference disappeared.

The ECSS evaluated the subgroups with 2-vessel and
3-vessel CAD.18,20–22 In the subgroup with 2-vessel
CAD there was no difference in mortality between
the CABGS and medical therapy groups.18,20–22 How-
ever, in the subgroup with 3-vessel CAD there was
a statistically significant difference in survival favor-
ing the CABGS group.19 Further analysis of the 2-
vessel CAD subgroup was carried out into those with
involvement (>=50% stenosis) of the proximal-LAD (p-
LAD) and those without involvement (<50% stenosis)
of the p-LAD.21 This analysis revealed that in patients
with 2-vessel CAD + p-LAD involvement CABGS,
compared to medical therapy, was associated with a
relatively small, but statistically significant, improved
survival. When the subanalysis was carried out with
the p-LAD showing a >=75% stenosis therapy with
CABGS, compared to medical therapy, was associated
with an even smaller, but still statistically significant,
improved survival.23 Following these sub-analyses, the
subgroup with p-LAD involvement (> = 50% steno-
sis) and presence of 2-vessel or 3-vessel CAD was
evaluated.19 This analysis revealed that CABGS, com-
pared to medical therapy, was associated with a sig-
nificantly lower mortality rate. On the basis of this
subanalysis,19 patients with p-LAD involvement were
identified as a high-risk subgroup that appeared to derive
benefit from therapy with CABGS.

In contrast, in the CASS trial, analysis of the subgroup
with LAD involvement (>=70% stenosis in its proxi-
mal, mid, or distal sections) revealed no difference in
mortality rates between patients with CABGS and those
with medical therapy.27 However, further analysis of the
CASS data in group-B patients (mild-moderate angina
+ LVEF >=35% but <50%) revealed improved mortal-
ity rates with CABGS compared to medical therapy.26,27

Additionally, in the CASS study CABGS, compared to
medical therapy, was associated with improved survival

in the subgroup with LVEF <50% as well as in the
subgroup with LVEF <50% + 3-vessel involvement. In
these two subgroups the improved survival with CABGS
became statistically significant at the follow-up mark
of 84 months.26,27 However, during the next analysis
(at 120 months) in the subgroup with LVEF <50% +
3-vessel involvement the survival benefit of CABGS
was found not significant anymore. Except for these
findings there was no difference in mortality between
the treatment arms in patients subgrouped by 1v, 2v,
or 3v involvement.26,28 On the basis of these find-
ings patients with LVEF <50% +3-vessel involvement
were identified as a high-risk subgroup that appeared
to benefit from therapy with CABGS. Of the many
subgroups previously identified as being at high-risk,
only the subgroup with involvement of the proximal-
LAD was subsequently evaluated in a prospective man-
ner in the medicine, angioplasty or surgery study-1
(MASS-1).29,30

Additional studies were conducted in the 1990s, which
evaluated the role of CABGS, PTCA, or medical treat-
ment in patients with stable CAD. These include the
asymptomatic cardiac ischemia pilot (ACIP)31,32 and the
MASS trials.29,30,33

The ACIP study31,32 evaluated the effects of medical
or revascularization (PTCA or CABGS) treatment strate-
gies in patients with stable angiographic CAD (> = 50%
stenosis) with or without angina, myocardial ischemia on
ambulatory electrocardiography (AECG), and evidence
of ischemia on an exercise treadmill test or pharmaceuti-
cal stress perfusion study. In this complex, partly blinded
study, the three treatment strategies were angina-guided
medical therapy; angina-guided plus AECG ischemia-
guided medical therapy; and myocardial revasculariza-
tion of major coronary arteries. Use of > = 1 unblinded
antianginal medication(s) for control of symptoms was
necessary on 77, 70 and 39% of the treatment arms,
respectively. The primary end-point was complete sup-
pression of ischemia on 48 h ambulatory ECG. Sec-
ondary clinical outcomes at 12 months included death,
MI, cardiac arrest, unstable angina, sustained ventricu-
lar tachycardia and congestive heart failure. Compared
to the medical therapy arms, myocardial revasculariza-
tion was associated with a significantly greater propor-
tion of patients free of ischemia on AECG. However,
compared to the medical therapy arms, revasculariza-
tion therapy was associated with a similar risk of MI
or stroke. Compared to angina-guided medical therapy
only, revascularization was associated with a signifi-
cantly lower mortality rate (4.4% vs. 0.0%, respectively).
Although, mortality rates were similar between the two
medical treatment arms and between the revasculariza-
tion and angina-guided plus AECG-guided medical ther-
apy (1.6%).31,32

The MASS trial compared the effect of these thera-
pies in patients with proximal-LAD (MASS-1)29,30 and
in patients with multi-vessel CAD (MASS-2).33 In the
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MASS trials, all patients were placed on an optimal
medical regimen that included: nitrates, aspirin, beta-
blockers, CCBs, ACEI, or a combination of these drugs.
In addition, a statin along with a low-fat diet was pro-
vided on an individual basis.29,30,33

In the prospective MASS-1 trial29,30 in patients with
p-LAD involvement (> = 0.80 stenosis) compared to
PTCA and medical therapy, CABGS was associated with
a modest benefit on the combined outcome that consisted
of cardiac death, MI, or angina requiring revasculariza-
tion (the benefit was predominantly related to a less
frequent need for subsequent revascularization).29,30 It
is important to note that compared to CABGS, medical
therapy was associated with a similar reduction in the
risk of hard events (mortality or MI). Treatment with
PTCA appeared to be an inferior option compared to the
other treatment strategies.

In the MASS-2 trial33 of patients with stable multi-
vessel CAD there was no difference in mortality between
medical therapy, medical therapy + PTCA, and medical
therapy + CABGS. The group treated with medical
therapy + CABGS had the best outcome for the primary
end-point that consisted of cardiac death, Q-wave MI, or
anginal symptoms requiring revascularization. The group
with medical therapy + PTCA appeared to have the
worse outcome due to increased risk of MI and higher
mortality.

In summary, most trials that have evaluated treatment
with CABGS in patients with chronic CAD and stable
angina have not shown significant improvement in sur-
vival or decreased incidence of nonfatal MI. Post hoc
analyses of various smaller subgroups have shown some
superiority of CABGS. However, there are conflicting
findings in different studies and these results are fur-
ther compromised owing to the heterogeneous groups of
patients in these trials. Therefore, it appears reasonable to
conclude that for most patients (except perhaps in those
with presence of left main disease >50% stenosis) there
is no apparent survival benefit of CABGS compared to
medical therapy in stable CAD patients with angina.
Although these trials have reported that CABGS is asso-
ciated with better symptom control in most patients this
has not been adequately compared using modern medical
therapies.

Medical Therapy vs. Percutaneous
Revascularization or Strategies Comparing
Invasive vs. Optimum Medical Therapy

Only a few trials have carefully examined the strat-
egy of initial angiography/revascularization vs. medi-
cal therapy in patients with stable CAD and angina
pectoris.34–40

The Angioplasty compared to medicine study
(ACME),35 in patients with stable angina, a positive
exercise stress test (defined as ST segment depression

of > = 3 mm) and angiographic 70–99% stenosis of
a major epicardial coronary artery evaluated the effect
of PTCA or medical treatment on exercise parameters.
Compared to medical treatment, therapy with PTCA
was associated with a greater proportion of patients free
of angina (46% vs. 64%, respectively, p < 0.01) and
increased total exercise time (p < 0.0001). Mortality and
MI rates were similar between the groups. However,
this study was not powered to detect meaningful differ-
ences on these clinical outcomes between the treatment
groups. Furthermore, compared to medical therapy, more
patients in the PTCA arm underwent repeat PTCA and
CABGS.

The trial of invasive vs. medical therapy in elderly
patients (TIME)36,37 with chronic symptomatic CAD was
a prospective, randomized, multi-center study in patients
aged �75 years with angina class II or more (Canadian
Cardiac Society classification [CCS]) despite treatment
with �2 antianginal drugs. This study compared the
invasive strategy of left-heart catheterization followed
by either PCI or CABGS, with a strategy of optimized
medical therapy aimed at increasing in the number of
antianginal drugs and their doses to reduce anginal pain
as much as possible. Additionally, antiplatelet agents
and lipid-lowering drugs were advised. Compared to
optimum medical therapy, the invasive strategy was
associated with a lower risk of admission for acute
coronary syndromes (ACS) requiring revascularization.
However, compared to optimum medical therapy, the
invasive strategy was associated with a similar risk of
death or incidence of MI.

The second randomized intervention treatment of
angina (RITA-2) trial38,39 was designed to compare the
effects of initial strategies of coronary angioplasty and
conservative (medical) care over a follow-up � 5 years.
Compared to medical treatment for symptom relief, treat-
ment with PTCA was associated with similar risk of
the primary combined end-point (death or definite MI)
or secondary end-point (death). The pattern of unstable
angina was similar in both groups. Although both groups
remained symptomatic, an early intervention with PTCA
was associated with greater, albeit temporary, symp-
tomatic improvement in angina.

A meta-analysis from 11 randomized studies40 on
2,950 patients with chronic CAD evaluated the effect of
PCI, compared to conservative medical treatment, on the
risk of death, MI and subsequent revascularization. The
large majority of these patients had at least some anginal
symptoms, although four studies described 9–20 percent
of patients without symptoms. The findings from this
meta-analysis revealed that, compared to conservative
medical treatment, PCI therapy resulted in similar rates
of death, nonfatal MI, combined end-point of death and
nonfatal MI, and rates of subsequent revascularization
by CABGS or PCI in patients with nonacute CAD and
anginal symptoms.
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Other Drugs in Patients with Stable Angina

Angiotensin Converting Enzyme Inhibitors (ACEI)

Because of the well demonstrated vasculoprotective
effects of ACEI two recent studies evaluated their effects
in patients with stable CAD or diabetes and at least
one other cardiovascular factor.41,42 The Heart Out-
comes Prevention Evaluation (HOPE) trial41 evaluated
the effect of ramipril 10 mg daily, in a high-risk pop-
ulation characterized by patients with history of CAD,
stroke, peripheral vascular disease, or diabetes and at
least one other cardiovascular risk factor (hyperten-
sion, elevated total cholesterol levels, low high-density
lipoprotein cholesterol levels, cigarette smoking, or doc-
umented microalbuminuria). These patients had no prior
history of heart failure and had no evidence of depressed
LV systolic function. Compared to placebo, treatment
with the ACEI was associated with a significantly lower
absolute risk (17.8% vs. 14%, respectively) of experienc-
ing the composite end-point (MI, stroke or CV-death)
as well as a significantly lower risk of each individ-
ual end-point.41 Secondary end-points were death from
any cause, admission to hospital for congestive heart
failure or unstable angina, complications related to dia-
betes, and cardiovascular revascularization.41 Compared
to placebo, the ramipril arm underwent significantly
fewer cardiovascular revascularizations (18.3% vs. 16%,
p = 0.002) and experienced fewer complications related
to diabetes (7.6% vs. 6.4%, p = 0.03). The incidence
of other secondary end-points was similar between the
groups.

The European trial on reduction of cardiac events with
perindopril in stable coronary artery disease (EUROPA)
study42 evaluated the effect of another ACEI, perindo-
pril, on clinical outcomes in patients with stable CAD
and angina. In this study, compared to placebo, the ther-
apy with perindopril resulted in a relatively small but
significantly lower risk (9.9% vs. 8%, respectively) of
the composite end-point (NFMI, CV-death, or resusci-
tated arrest). Of the individual end-points only the risk
of NFMI was significantly lower during therapy with
perindopril.

A meta-analysis of six studies43 including the HOPE
and the EUROPA evaluated the effect of ACEI therapy
in patients with CAD and preserved LV systolic func-
tion. The findings from this meta-analysis revealed that,
compared to placebo, therapy with an ACEI was asso-
ciated with a modest, statistically significant favorable
effect resulting in reduced rates of CV-death, all cause
mortality, and nonfatal MI.

On the basis of the findings of these two trials and the
findings of the recent meta-analysis, an ACEI should be
considered in stable patients who are considered to be at
high-risk of cardiovascular events and in patients with
stable CAD and angina pectoris.

Lipid-Lowering Therapy

A number of studies during the last two decades
have shown that lipid-lowering therapy with statins not
only reduces the risk of major acute coronary events
(MACE) but it also reduces the need for revascu-
larization as well as decreases the signs and symp-
toms of myocardial ischemia in patients with angina
pectoris.44–48

The atorvastatin vs. revascularization treatment
(AVERT)46 trial was a randomized study that evalu-
ated the impact of lipid-lowering therapy on outcomes
in patients, with stable CAD and angina, who received
atorvastatin and compared them to patients who under-
went percutaneous myocardial revascularization, with or
without stent implantation. Treatment with atorvastatin
80 mg daily was associated with a lower risk of the
primary composite end-point defined as at least one of
the following: death from cardiac causes, resuscitation
after cardiac arrest, nonfatal MI, cerebrovascular acci-
dent, CABGS, angioplasty, and worsening angina with
objective evidence resulting in hospitalization. There was
no difference between the treatment groups in rates of
cardiac death, nonfatal MI, or need for CABGS. It is
important to note that as expected treatment with PTCA
was associated with significantly greater improvement in
the severity of anginal symptoms as assessed by CCS.
The quality of the AVERT study was not as robust com-
pared to the previous trials because it was conducted in
an unmasked manner and it was unclear if randomization
was concealed.

The study assessing goals in the elderly (SAGE) eval-
uated the effect of intensive vs. moderate lipid-lowering
therapy on the duration and frequency of myocardial
ischemia in older patients with CHD as measured by
48-h AECG monitoring.48 The preliminary results of
SAGE showed comparable and significant reduction in
the total duration of myocardial ischemia with both
intensive as well as moderate lipid-lowering therapies.
These results from SAGE complement the earlier find-
ings from several other studies that had shown ben-
eficial effects of lipid-lowering therapy with statins
on myocardial ischemia in patients with CAD.44–47

Although the precise mechanism of statins’ anti-ischemic
effects is not well defined, it is postulated to be related
to improvement in endothelial function as well as the
well demonstrated anti-inflammatory effects of these
agents.

The results of these studies suggest that treatment
with a statin in patients with chronic stable angina not
only reduces the risk of future coronary events, but such
therapy also has the potential of reducing myocardial
ischemia and the associated symptoms. Therefore, it is
recommended that all patients with chronic, stable angina
should be treated with a statin to a goal of LDL-C of
<70 mg/dl.
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Role of Exercise Training and Risk Factor Modification
in Patients with Angina

A small, randomized but uncontrolled study in patients
with chronic angina (CCS class 1–3) and documented
myocardial ischemia during stress ECG and or scintigra-
phy imaging study in patients with stable CAD49 com-
pared the effect of PTCA with exercise training on
clinical symptoms and the combined clinical outcome
described as cardiac death, stroke, CABGS, PTCA, MI
or worsening angina resulting in hospitalization during
a 12-month follow-up. Exercise training was defined as
exertion on a bicycle ergometer for 20 min per day at
70% of maximal heart rate achieved during symptom-
limited exercise. In addition, patients were asked to par-
ticipate in one 60-min group training session of aerobic
exercise per week. During the follow-up at 12 months,
compared to PCI, exercise training was associated with
a significantly lower risk (30% vs. 11.7%, respectively)
of the combined primary end-point (defined as cardiac
death, stroke, CABGS, angioplasty, acute MI, or wors-
ening angina with objective evidence resulting in hospi-
talization). The increased risk in the PCI arm was owing
to a higher rate of the more subjective need for PTCA
associated with hospitalization due to worsening angina.

Multiple Risk Factor Intervention

The Stanford Coronary Risk Intervention Project
(SCRIP) study50 evaluated the effects of an inten-
sive multifactor risk reduction, which included lifestyle
changes and therapy with lipid-lowering medications for
4 years, compared to usual care, on the rate of narrow-
ing of the minimal diameter of coronary artery segments
affected with angiographic plaques. Clinical outcomes
included cardiac death or sudden death, nonfatal MI,
CABGS and primary PTCA. The findings from this study
revealed that, compared to the usual care arm, therapy
with risk reduction was associated with a significantly
lesser rate of narrowing of a diseased coronary segment
and a significant, but moderate, reduction in the rate of
the combined end-point (44% vs. 25%, respectively) that
included cardiac death, hospitalization for nonfatal MI,
PTCA (primary procedures only), and CABGS. How-
ever, there was no difference between the groups on the
individual clinical end-points.

Conclusions

There are many therapeutic options available for the
treatment of anginal symptoms in patients with stable
CAD—namely nitrates, beta-blockers and CCBs. Com-
bination therapy is often necessary for symptomatic relief
but there has not been an evaluation of combination ther-
apy on hard clinical end-points in such patients. Clinical

outcome data is generally lacking with traditional thera-
pies. Trials have shown that medical therapy is as effec-
tive as revascularization in controlling symptoms and,
along with aggressive risk factor modification, is more
effective in reducing the risk of future coronary events.
There is a need for more definitive outcomes studies,
which examine the role of existing therapies and newer
agents that are currently available for the treatment of
patients with stable angina.

References

1. Gibbons RJ, Abrams J, Chatterjee K, Daley J, Deedwania PC,
et al.: ACC/AHA 2002 guideline update for the management of
patients with chronic stable angina: a report of the American College
of Cardiology/American Heart Association Task Force on Practice
Guidelines (Committee to Update the 1999 Guidelines for the
Management of Patients with Chronic Stable Angina). 2002

2. Fox K, Garcia MA, Ardissino D, Morais J, Zamorano JL, et al.:
Guidelines on the management of stable angina pectoris: executive
summary: the Task Force on the Management of Stable Angina
Pectoris of the European Society of Cardiology. Eur Heart J
2006;27(11):1341–1381

3. Holubkov R, Laskey WK, Haviland A, Slater JC, Bourassa MG,
et al.: NHLBI Dynamic Registry. Registry Investigators. Angina
1 year after percutaneous coronary intervention: a report from the
NHLBI Dynamic Registry. Am Heart J 2002;144:826–833

4. Rumsfeld JS, Magid DJ, Plomondon ME, Sales AE, Grunwald GK,
et al.: History of depression, angina, and quality of life after acute
coronary syndromes. Am Heart J 2003;145:493–499

5. Abrams J. Clinical practice. Chronic stable angina. N Engl J Med
2005;352(24):2524–2533

6. Abrams J, Thadani U. Therapy of stable angina pectoris: the
uncomplicated patient. Circulation 2005;112:e255–e259

7. Opie LH, Commerford PJ, Gersh BJ. Controversies in stable coronary
artery disease. Lancet 2006;367:69–78

8. Reiter MJ. Cardiovascular drug class specificity: beta-blockers. Prog
Cardiovasc Dis 2004;47(1):11–33

9. Pepine CJ, Cohn PF, Deedwania PC, Gibson RS, Handberg E, et al.:
The Atenolol Silent Ischemia Study (ASIST). Effects of treatment on
outcome in mildly symptomatic patients with ischemia during daily
life. Circulation 1994;90:762–768

10. Poole-Wilson PA, Lubsen J, Kirwan BA, van Dalen FJ, Wagener G,
et al.: A Coronary disease Trial Investigating Outcome with
Nifedipine gastrointestinal therapeutic system investigators. Effect
of long-acting nifedipine on mortality and cardiovascular morbidity
in patients with stable angina requiring treatment (ACTION trial):
randomized controlled trial. Lancet 2004;364:849–857

11. Takaro T, Hultgren HN, Detre KM, participants in the VA cooperative
study. VA cooperative study of coronary arterial surgery. II. Left main
disease. Circulation 1975;52(Suppl 2):143

12. Takaro T, Hultgren HN, Lipton MJ, Detre KM. The VA cooperative
randomized study of surgery for coronary arterial occlusive
disease II. Subgroup with significant left main lesions. Circulation
1976;54(Suppl 6):III107–III117

13. Detre K, The Veterans Administration Coronary Artery Bypass
Surgery Cooperative Study Group. Eleven-year survival in the
Veterans Administration randomized trial of coronary bypass surgery
for stable angina. N Engl J Med 1984;311:1333–1339

14. Peduzzi P, Kamina A, Detre K, The VA coronary artery bypass
surgery cooperative study group. Twenty-two-year follow-up in the
VA cooperative study of coronary artery bypass surgery for stable
angina. Am J Cardiol 1998;81:1393–1399

15. Takaro T, Peduzzi P, Detre KM, Hultgren HN, Murphy ML, et al.:
Survival in subgroups of patients with left main coronary artery
disease. Veterans Administration Cooperative Study of Surgery for
Coronary Arterial Occlusive Disease. Circulation 1982;66:14–22

16. Murphy M, Hultgren H, Detre K, Thomsen J, Takaro T, Participants
of the Veterans Administration cooperative study. Treatment of
chronic stable angina. A preliminary report of survival data of the
randomized Veterans Administration cooperative study. N Engl J Med
1977:;297:621–627

Clinical Cardiology DOI:10.1002/clc



I-24 Clin. Cardiol. Vol. 30 (Suppl. I), February 2007

17. The VA coronary artery bypass surgery cooperative study
group. 18-year follow up in the Veterans Affairs cooperative
study of coronary bypass surgery for stable angina. Circulation
1992;86:121–130

18. European Coronary Surgery Study Group. Coronary artery bypass
surgery in stable angina pectoris: survival at two years. Lancet
1979;1:889–893

19. Varnauskas E. Twelve-year follow-up of survival in the ran-
domized European coronary surgery study. N Engl J Med
1988;319:332–337

20. Second interim report by the European coronary surgery Study
Group. Prospective randomized study of coronary artery bypass
surgery in stable angina pectoris. Lancet 1980;2:491–495

21. European coronary surgery study group. Prospective randomized
study of coronary artery bypass surgery in stable angina pectoris:
a progress report on survival. Circulation 1982;65:67–71

22. European Coronary Surgery Study Group. Long-term results of
prospective randomized study of coronary artery bypass surgery in
stable angina pectoris. Lancet 1982;2:1173–1180

23. Varnauskas E. Survival, myocardial infarction, and employment sta-
tus in a prospective randomized study of coronary bypass surgery.
Circulation 1985;72(6 Pt 2):V90–101

24. The principal investigators of CASS and their associates. The national
heart, lung and blood institute coronary artery surgery study (CASS)
Circulation 1981;63(Suppl I):I–1

25. Fisher L. Myocardial infarction and mortality in the coronary
artery surgery study (CASS) randomized trial. N Engl J Med
1984;310:750–758

26. Killip T, Passamani E, Davis K. Coronary artery surgery study
(CASS): a randomized trial of coronary bypass surgery. Eight years
follow-up and survival in patients with reduced ejection fraction.
Circulation 1985;72(6 Pt 2):V102–V109

27. Alderman EL, Bourassa MG, Cohen LS, Davis KB, Kaiser GG,
et al.: Ten-year follow-up of survival and myocardial infarction
in the randomized coronary artery surgery study. Circulation
1990;82:1629–1646

28. Fisher L. Coronary artery surgery study (CASS): a randomized
trial of coronary artery bypass surgery. Survival data. Circulation
1983;68:939–950

29. Hueb WA, Bellotti G, de Oliveira SA, Arie S, de Albuquerque
CP, et al.: The Medicine, Angioplasty or Surgery Study
(MASS): a prospective, randomized trial of medical therapy,
balloon angioplasty or bypass surgery for single proximal
left anterior descending artery stenoses. J Am Coll Cardiol
1995;26(7):1600–1605

30. Hueb WA, Soares PR, Almeida De Oliveira S, Arie S, Cardoso
RH et al.: Five-year follow-op of the medicine, angioplasty, or
surgery study (MASS): A prospective, randomized trial of medical
therapy, balloon angioplasty, or bypass surgery for single proxi-
mal left anterior descending coronary artery stenosis. Circulation
1999;100(Suppl 19):II107–II113

31. The ACIP investigators. Asymptomatic cardiac ischemia pilot study
(ACIP). Am J Cardiol 1992;70:744

32. Rogers WJ, Bourassa MG, Andrews TC, Bertolet BD, Blu-
menthal RS, et al.: The ACIP Investigators. Asymptomatic
Cardiac Ischemia Pilot (ACIP) study: outcome at 1 year
for patients with asymptomatic cardiac ischemia randomized
to medical therapy or revascularization. J Am Coll Cardiol
1995;26:594–605

33. Hueb W, Soares PR, Gersh BJ, Cesar LA, Luz PL, et al.: The
medicine, angioplasty, or surgery study (MASS-II): a randomized,
controlled clinical trial of three therapeutic strategies for multives-
sel coronary artery disease: one-year results. J Am Coll Cardiol
2004;43(10):1743–1751

34. Spargias KS, Cokkinos DV. Medical versus interventional
management of stable angina. Coron Artery Dis 2004;15(Suppl 1):
S5–S10

35. Parisi AF, Folland ED, Hartigan P, Veterans Affairs ACME Inves-
tigators. A comparison of angioplasty with medical therapy in the
treatment of single-vessel coronary artery disease. N Engl J Med
1992;326(1):10–16

36. The TIME Investigators. Trial of invasive versus medical therapy
in elderly patients with chronic symptomatic coronary-artery disease
(TIME): a randomized trial. Lancet 2001;358:951–957

37. Pfisterer M, Buser P, Osswald S, Allemann U, Amann W, et al.:
Outcome of elderly patients with chronic symptomatic coronary
artery disease with an invasive vs optimized medical treatment
strategy. One year results of the randomized TIME trial. JAMA
2003;289:1117–1123

38. Pocock S. RITA-2 trial participants. Coronary angioplasty versus
medical therapy for angina: the second Randomized Intervention
Treatment of Angina (RITA-2) trial. Lancet 1997;350:461–68

39. Henderson R, Pocock S, Clayton T, Knight R, Fox K, et al.:
The Second Randomized Intervention Treatment of Angina (RITA-
2). Trial Participants Seven-Year Outcome in the RITA-2 Trial:
Coronary Angioplasty versus Medical Therapy. J Am Coll Cardiol
2003;42:1161–1170

40. Katritsis DG, Ioannidis JP. Percutaneous coronary intervention versus
conservative therapy in nonacute coronary artery disease: a meta-
analysis. Circulation 2005;111:2906–2912

41. The heart outcomes prevention evaluation study investigators.
Effects of an angiotension-converting-enzyme inhibitor, Ramipril
on cardiovascular events in high-risk patients. N Engl J Med
2000;342:145–153

42. The European trial on reduction of cardiac events with perindo-
pril in stable coronary artery disease investigators. Efficacy of
perindopril in reduction of cardiovascular events among patients
with stable coronary artery disease: randomized, double-blind,
placebo-controlled, multicentre trial (the EUROPA study). Lancet
2003;362:782–88

43. Al-Mallah MH, Tleyjeh IM, Abdel-Latif AA, Weaver WD.
Angiotensin-converting enzyme inhibitors in coronary artery disease
and preserved left ventricular systolic function: a systematic review
and meta-analysis of randomized controlled trials. J Am Coll Cardiol
2006;47:1576–1583

44. Scandinavian Simvastatin Survival Study group. Randomized trial
of cholesterol lowering in 4444 patients with coronary heart dis-
ease: the Scandinavian Simvastatin Survival Study (4S). Lancet
1994;344:1383–1389

45. Schwartz G, Olsson A, Ezekowitz M, Ganz P, Oliver M,
et al.: the myocardial ischemia reduction with aggressive choles-
terol lowering (MIRACL) study investigators. Effects of atorvas-
tatin on early recurrent ischemic events in acute coronary syn-
dromes. The MIRACL study: A randomized controlled trial JAMA
2001;285:1711–1718

46. Pitt B, Waters D, Brown WV, van Boven AJ, Schwartz L,
et al.: Atorvastatin versus Revascularization Treatment Investi-
gators. Aggressive lipid-lowering therapy compared with angio-
plasty in stable coronary artery disease. N Engl J Med
1999;341:70–76

47. Stone PH, Lloyd-Jones DM, Kinlay S, Frei B, Carlson
W, et al.: Vascular Basis Study Group. Effect of intensive
lipid lowering, with or without antioxidant vitamins, compared
with moderate lipid lowering on myocardial ischemia in
patients with stable coronary artery disease: the Vascular Basis
for the Treatment of Myocardial Ischemia Study. Circulation
2005;111:1747–1755

48. Deedwania PC, Study Assessing Goals in the Elderly steering com-
mittee and investigators. Effect of aggressive versus moderate lipid-
lowering therapy on myocardial ischemia: the rationale, design, and
baseline characteristics of the Study Assessing Goals in the Elderly
(SAGE). Am Heart J 2004;148:1053–1059

49. Hambrecht R, Walther C, Mobius-Winkler S, Gielen S, Linke A,
et al.: Percutaneous coronary angioplasty compared with exercise
training in patients with stable coronary artery disease: a randomized
trial. Circulation 2004;109(11):1371–1378

50. Haskell WL, Alderman EL, Fair JM, Maron DJ, Mackey
SF, et al.: Effects of intensive multiple risk factor reduc-
tion on coronary atherosclerosis and clinical cardiac events
in men and women with coronary artery disease. The Stan-
ford Coronary Risk Intervention Project (SCRIP). Circulation
1994;89(3):975–990

Clinical Cardiology DOI:10.1002/clc


