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The CURE Trial
A B S T R A C T S  &  C O M M E N T A R Y

Three major pharmacologic advances have occurred 
over the past several years for the therapy of individuals with the

acute coronary syndromes (ACS) of unstable angina or non-ST-seg-
ment elevation myocardial infarction (MI). These agents include the
IIb/IIIa receptor antagonists; low molecular weight heparin (LMWH);
and the thienopyridine derivatives, ticlopidine, and clopidogrel. The
latter are potent platelet inhibitors blocking adenosine modulated
aggregation and subsequent thrombosis. The Clopidogrel in Unstable
angina to prevent Recurrent Events (CURE) study sought to deter-
mine whether clopidogrel is beneficial in ACS. Some years ago, the
clopidogrel vs. aspirin in patients at risk of ischemic events (CAPRIE)
trial demonstrated modest efficacy of clopidogrel over aspirin in a
mixed group of subjects that had peripheral vascular disease, stroke,
or quiscent coronary artery disease. For some years, ticlopidine, and
subsequently clopidogrel, has been aggressively used by intervention-
al cardiologists in the United States and elsewhere during and after
percutaneous coronary interventions (PCI), particularly with stent
placement. The optimal duration of therapy with clopidogrel after PCI
is unknown; it is currently in the range of 2-4 weeks. 

CURE investigated long-term outcomes in a large cohort of indi-
viduals who were hospitalized with ACS, aiming for centers that per-
formed PCI relatively infrequently. Patients were randomized to
clopidogrel (loading dose of 300 mg/d, then 75 mg/d), or matching
placebo for 3-12 months. The mean trial duration was 9 months.
Low-dose aspirin was also mandated. Eligible subjects were hospital-
ized within 24 hours of symptoms with acute chest pain, but no ST
elevation. Initially, patients older than 60 without ECG changes, but a
history of CAD, were enrolled. However, because of low event rates
after the first 3000 patients, the requirements changed to enroll only
patients who had ischemic ECG changes or elevation in biochemical
markers/cardiac enzymes. This was an international study, with
patient recruitment between late 1998 and late 2000, in almost 500
centers in 28 countries. The major primary outcome was a composite
of cardiovascular death, nonfatal MI, or stroke. The second primary
outcome was the primary composite or refractory ischemia. The sec-
ondary outcomes included severe ischemia, revascularization, or
heart failure. The safety outcomes were related to bleeding complica-
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tions. A total of 12,549 individuals were randomized and
had complete follow-up. 

Results
The major primary outcome of death, nonfatal MI, or

stroke was decreased in the clopidogrel cohort (9.3%) vs.
placebo (11.4%); P = 0.001, risk reduction (RR) = 20%.
The second primary outcome, which included refractory
ischemia, was comparably decreased by clopidogrel,
16.5% vs. 18.8%; RR = 14%; P = 0.001. Rates of subse-
quent MI were decreased by the platelet inhibitor, RR =
32%; P = 0.007. Rehospitalization for unstable angina was
not different between the groups; however, there was
slightly less severe ischemia, 2.8% vs. 3.8%; r = 26%; P =
0.003, and recurrent angina, RR = 9%; P = 0.01. In the
clopidogrel group, major events were reduced by begin-
ning within hours of randomization, reaching a 21% RR at
30 days. Between 1 month and the study end, an average of
9 months, there was an additional 18% RR. Subgroup
analyses demonstrated remarkable consistency of results
across a number of subgroups, including patients receiving
beta blockers, heparin, and/or ACE inhibitors. Individuals
with prior revascularization fared better, with a primary
event RR of 44%. The 12-month Kaplan-Meier curves
remained parallel after the third month.

Side Effects
Major bleeding, as expected, was more common with

clopidogrel than placebo, 3.7% vs. 2.7%; P = 0.001. How-
ever, there was no excess rate of fatal hemorrhage or hem-
orrhagic stroke. Moderate bleeding was almost twice as
frequent with the platelet inhibitor. 

The research group concluded that clopidogrel
reduced the risk of MI and recurrent ischemia in patients
with non-ST elevation ACS.  They emphasize the
absence of a routine policy for an early invasive approach
in the CURE institutions; however, 44% of the entire
cohort underwent angiography, and 38% had a revascu-
larization procedure. They also observed that the benefits
of clopidogrel were found in a wide variety of patients,
including those at low, medium, and high risk for cardio-
vascular events, and as well as those on proven therapies
for CV. The increased bleeding risk was felt to be accept-
able. (The Clopidogrel in Unstable Angina to Prevent
Recurrent Events Trial Investigators. N Engl J Med.
2001;345:494-502.)

A companion article, published simultaneously in the
Lancet, assessed the role of clopidogrel and aspirin only in
those subjects who underwent a percutaneous coronary
intervention (PCI-CURE). A total of 2658 patients with
ACS who received PCI were randomized to clopidogrel or
placebo. PCI was performed at the discretion of the investi-
gator after randomization; open label clopidogrel or
ticlodopine was given for 2-4 weeks after coronary artery
stenting, after which randomly assigned medication was
resumed for 3-12 months. The primary outcome of this
analysis study was a composite of cardiovascular death,
MI, or urgent target lesion revascularization (TVR) at 30
days after the PCI. Major and minor bleeding was
assessed. The 1313 clopidogrel and 1345 placebo subjects
received a total of 1730 PCIs during the hospitalization and
9200 after discharge. The median number of days prior to
PCI was 6 days, with an average duration of follow-up of 8
months. Baseline characteristics of the 2 groups were com-
parable. Stent use occurred in more than 80% of both
cohorts. Unfractionated heparin was used in almost 90% of
patients; the remainder received LMWH. Target vessels for
PCI were well balanced for 2 groups with respect to proxi-
mal or distal location, and distribution in the coronary tree.
A small number of sapheneous vein grafts were addressed.
Forty-two percent presented with ST-segment depression.
About a quarter of the patients received an open-label
thienopyridine before PCI and 80% afterward for a median
of 30 days. 

There was less MI or severe ischemia in individuals
receiving clopidogrel. In addition, the primary outcome
of death, MI, or urgent TVR at 30 days was 6.4% placebo
and 4.5% clopidogrel (30% RR, P = 0.03). The events
from PCI to the end of follow-up were reduced, with a
composite end point of 21.7% placebo and 18.3% clopi-
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dogrel, RR = 17%. Events prior to PCI were also
decreased, 15% placebo vs. 12% clopidogrel, RR = 24%;
P = 0.008. When all events were included, before and
after PCI, there was a major difference in cardiovascular
death or myocardial infarction, 12.6% placebo and 8.8%
clopidogrel, RR = 31%; P = 0.002. There were little dif-
ferences in bleeding rates between placebo and clopido-
grel. Metha and colleagues concluded that clopidogrel
reduced the risk of cardiovascular death or MI by approx-
imately one-third, with benefits noted prior to PCI, within
the first month after PCI, and long term. They speculate
that the early benefits were due to mainly the reduction of
thrombus mediated events, such as MI and urgent TVR.
They suggest that the benefit at 30 days was to a great
extent due to pretreatment with open-label clopidogrel
prior to the PCI, and that the actual benefit was likely to
be an underestimate of the true treatment effects, in that
25% of placebo patients received open-label thienopyri-
dine prior to PCI. They emphasize that PCI-CURE sup-
ports the use of clopidogrel in centers with and without
ready access to cardiac catheterization and revasculariza-
tion; benefit was found whether PCI was done urgently or
later during hospitalization. They believe that the PCI-
CURE data support the long-term efficacy of dual
antiplatelet therapy, with less events occurring after 30
days than in RCT registries of PCI patients. There was
less IIb/IIIa antagonist use in the clopidogrel patients,
consistent with a clinical benefit from oral antiplatelet
therapy alone. They suggest that a strategy of clopidogrel
and aspirin pre-PCI as well as long-term is appropriate
regardless of whether glycoprotein IIb/IIIa inhibitors are
used. They recommend initiating and maintaining clopi-
dogrel therapy in all patients with non-ST segment eleva-
tion ACS in whom an invasive strategy with PCI is under-
taken. (Mehta SR, et al. Lancet. 2001;358:527-533.)

n COMMENT BY JONATHAN ABRAMS, MD
The CURE trial, and its subsidiary observational

study, PCI-CURE, represent a significant advance in
the treatment of ACS, and suggest that clopidogrel
should be initiated upon diagnosis of an ACS and con-
tinued for at least 1 month, possibly longer. Further-
more, this drug, or ticlodipine, should not be with-
drawn if an angioplasty, with or without stent place-
ment, is likely to occur. These data support a large
number of observations and randomized clinical trials
indicating that the platelet is indeed the “Darth Vader”
of the coronary vascular tree in ACS without ST eleva-
tion. Over the past few years, there have been a
remarkable number of clinical research studies focus-
ing on various platelet inhibitors in individuals under-
going PCI with or without an ACS, as well as in ACS

without PCI. The 2 major recent advances in
antiplatelet therapy are the thienopyridines,
ticlodopine and clopidogrel, and the IIb/IIIa inhibitors,
(3 available in the United States). In CURE, clopido-
grel on top of aspirin was effective in reducing major
cardiovascular events in ACS patients who were not
clearly heading to the catheterization laboratory within
a short period of time. Thus, a relatively conservative
approach to ACS was elected. Of note, in the PCI-
CURE cohort, the median duration from randomiza-
tion to PCI was 6 days. This is rather different from
the approach used in most institutions in the United
States, where earlier intervention is the rule. Clopido-
grel proved to be beneficial in the period between ran-
domization and PCI, as well as following PCI. Patients
with and without coronary intervention benefited, and
no specific subgroups were identified who did not do
well. 

While the overall results of the 2 CURE reports sup-
port the use of clopidigrel as standard therapy in ACS, a
number of problems are raised by the data and trial
design. First, the initial study was designed to enroll
ACS patients without ST elevation, as well as those
older than 60, with a history of CAD, but no ECG
changes. However, after enrolling 3000 subjects, the
criteria were changed to include only the higher-risk
patients who had either ECG changes or elevated car-
diac enzymes or markers. There is little or no discussion
of these important criteria in either of the 2 CURE
papers. This is of interest, in that a great deal of atten-
tion has been paid to risk stratification in ACS over the
past several years, with elevated troponin as well as ST
depression emerging as the most important factors sepa-
rating high from low risk. In fact, some of the IIa/IIIb
and LMWH trials have suggested that the benefit with
these agents accrues or occurs mostly in individuals
with these high-risk features. No specific data are pro-
vided about troponin levels or cardiac enzymes in
CURE or PCI-CURE. Thus, it is difficult to know the
frequency of the various criteria for which the many
patients were enrolled.  In both papers, the number of
patients with ST depression was approximately 42%.
No discussion is provided as to whether individuals
with or without enzyme elevation and/or ST depression
had an altered risk for major events, with or without
clopidogrel. It would appear that electrocardiographic
changes also included individuals without ST- segment
depression but with T wave abnormalities. Other studies
suggest that the latter group is at much lower risk. Thus,
in that about 60% of CURE patients did not have ST
depression, and apparently 74% did not have elevated
enzymes, one is uncertain about the risk status of CURE
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cohort. However, the patients were put into 3 risk cate-
gories (tertiles of primary event frequency). I calculate
that relative benefit appears lower in the higher-risk
cohort (18.5% placebo vs 16.3% clopidogrel, RR =
14%), as opposed to the low- and intermediate-risk
patients, where the relative RR was more robust (23.8%
and 30.8%, respectively).

What is the physician to do when presented with an
individual with protracted chest pain who requires
hospitalization? In spite of the various moving targets
in ACS, clearly, the platelet is a key factor and vigor-
ous antiplatelet therapy is essential. All patients
should be treated with aspirin. Current data still sup-
port that individuals who clearly are to undergo a
coronary angiogram and possible intervention should
be placed on a IIb/IIIa inhibitor as soon as possible.
Whether clopidogrel can be used instead of a IIb/IIIa
drug, and still achieve the same reduction in clinical
end points, has not been tested. The CURE data repre-
sent a more conservative strategy to ACS, with much
less angiography and PCI compared to the United
States, but the trial does not resolve the comparative
efficacy of IIb/IIIa receptor blockers vs. thienopy-
ridines. It does not appear that excessive bleeding was
a big problem in the CURE individuals who received
triple therapy. Finally, the optimal length of therapy
with clopidogrel is unclear. Clearly, CURE confirms
that for the first 30 days, with or without PCI, clopi-
dogrel is an important addition. Nevertheless, the
event curves for placebo and clopidogrel remain rela-
tively parallel after 30 days, and in fact, in the PCI-
CURE cohort, no additional benefit was found of
reduction in the primary end point between day 30
and the end of the study. 

We await more detailed analyses of the CURE data
with respect to a number of these issues. At the pre-
sent time, another weapon has become available in
our armamentarium for ACS. Just as clinicians are
still sorting out which IIb/IIIa blocker is best and for
which patient, or whether LMWH is truly superior to
unfractionated heparin (or rather just easier to use),
we now have the conundrum of whether to use clopi-
dogrel in all ACS patients and for how long. Risk
stratification remains important, such as using the
TIMI risk score or other conventional markers of
high risk (not particularly emphasized in the CURE
papers). One should consider these 2 reports as a use-
ful addition to the ACS guidelines. For instance, it
may be more appropriate to use clopidogrel in low
and medium risk individuals, reserving IIb/IIIa
blockers for the high-risk patients, or perhaps using
triple therapy in the latter group.   v

Multivessel PCI in Acute MI
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: Multivessel PCI in acute MI may be associat-
ed with increased risk of adverse outcomes.

Source: Roe MT, et al. Am J Cardiol. 2001;88:170-173.

Multivessel percutaneous coronary inter-
vention (PCI) in the setting of mechanical reper-

fusion as primary or rescue therapy for acute myocar-
dial infarction (MI) has not been widely studied. The
goal of this retrospective analysis was to compare the
feasibility and safety of PCI of diseased nonculprit ves-
sels in the acute MI setting. Roe and colleagues com-
pare outcomes in 79 patients who underwent noncul-
prit, in addition to infarct-related artery (IRA) PCI.
Control cases were matched on the basis of age and
Killip classification at presentation. Angiograms were
evaluated at a central core laboratory. The primary end
point was the composite of death, reinfarction, repeat
PCI, or need for coronary artery bypass graft (CABG)
surgery at 6 months of follow-up. Other clinical end
points evaluated included stroke and bleeding compli-
cations requiring transfusion.

Baseline characteristics were comparable between
the multivessel PCI group and the control IRA-only
PCI group. The percentages of patients undergoing
primary PCI vs. rescue PCI (for unsuccessful throm-
bolytic therapy) were comparable between the 2
groups. The time from symptom onset to balloon infla-
tion was somewhat lower in the multivessel PCI
group, with 60% of these patients receiving treatment
within 6 hours compared with 44% in the IRA-only
group. The groups were well matched in terms of IRA
location. Success rates for IRA PCI were equivalent
between the 2 groups (98.7%) and nonculprit PCI was
successful in 97% of patient in whom it was attempt-
ed. There were no differences in the rates of intra-aor-
tic balloon pump supporter platelet glycoprotein IIb-
IIIa inhibitor use between the 2 groups. Patients in the
multivessel PCI group were more likely to receive
stenting of the IRA (70% vs 45%), but there was no
significant difference in the frequency with which
TIMI 3 flow was established.

There was no difference between the multivessel and
the IRA-only control patients in the frequency of the
composite end point at 6 months. There was a non-sig-
nificant trend toward increased mortality at 30 days and
6 months in the patients who underwent multivessel
PCI for both primary (22.1% vs 11.5%) and rescue indi-
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cations (18.2% vs 16.7%). There was an increased risk
of stroke in the patients who received multivessel PCI
(10.3% vs 0%; P = 0.01). There were no significant dif-
ferences between the groups in rates of other individual
clinical end points, but there was a trend toward higher
rates of reinfarction in patients receiving multivessel
PCI as primary therapy (8.8% vs 1.6%; P = 0.07).

The results suggest that multivessel PCI in acute MI
may be associated with increased risk of adverse out-
comes. However, Roe et al state that potential benefits of
multivessel PCI in acute MI might not have been uncov-
ered in this study. Of particular interest would be those
potential benefits in patients with reduced left ventricu-
lar function or cardiogenic shock at presentation. Roe et
al acknowledge that this analysis has multiple limita-
tions, most notably small sample size, retrospective
design, and possibility of selection bias in patients
selected to receive multivessel revascularization at the
time of acute MI. They further outline the need for
prospective randomized trials to better define the opti-
mal revascularization strategy for patients with multives-
sel disease who undergo PCI for acute MI.

n COMMENT BY SARAH M. VERNON, MD
Accumulating evidence suggests that primary PCI is the

superior strategy for the revascularization of patients with
acute MI when it is performed in centers and by operators
with adequate experience in this technique. Not infrequent-
ly, when undergoing diagnostic coronary angiography at
the time of acute MI, these patients are found to have mul-
tivessel disease in addition to involvement of the IRA.
While it is true that outcomes of multivessel PCI with con-
temporary techniques (most notably the widespread use of
coronary stenting) have improved markedly and are now
comparable to surgical revascularization in many sub-
groups of patients, these data probably are not applicable
to patients with acute MI. In fact, the recently revised
ACC/AHA guidelines assign elective PCI of a noninfarct-
related artery at the time of acute MI a Class III designa-
tion (condition for which there is evidence and/or general
agreement that the procedure/treatment is not useful/effec-
tive, and in some cases may be harmful), with a supporting
level of evidence C (consensus of expert opinion). Despite
this recommendation, many interventionalists have had the
experience of being tempted (or pressured) into interven-
ing on lesions in the non-IRA vessels in the same sitting as
a successful primary PCI. This can occur for a variety of
reasons, ranging from patient or referring physician prefer-
ence, expediency, economic or length-of-stay concerns, or
simply the presence of a particularly “juicy” type-A lesion
in a noninfarct-related artery. While multivessel PCI may
ultimately prove to be an acceptable or even optimal strate-

gy for revascularization in this setting, this report from Roe
and colleagues further supports the “look but don’t touch”
approach to disease in the noninfarct-related vessels in
patients with acute MI.   v

Reference
1. Smith SC, et al. J Am Coll Cardiol. 2001;37(8):

2215-2238.

Automobile Driving After
Life-Threatening Ventricular
Tachyarrhythmia
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: Patients after recovery from a life-threatening
arrhythmia are not at higher risk for motor vehicle 
accidents.

Source: Akiyama T, et al. N Engl J Med. 2001;345:
391-397.

Akiyama and colleagues from the antiar-
rhythmics Versus Implantable Defibrillators (AVID)

Trial studied the driving habits of patients enrolled in the
study. AVID was a randomized trial that compared
antiarrhythmic drug therapy to defibrillator therapy in
patients who had survived a cardiac arrest or an episode
of hemodynamically unstable ventricular tachycardia.
Questionnaires about driving habits were sent a median
of 9 months (range, 1-55 months) after the patient had
been enrolled in the study. Questionnaires were sent to
patients in both the drug treatment and the ICD treat-
ment arms. Questionnaires were sent from the coordinat-
ing center and respondents were assured of anonymity. 

There were 1016 patients enrolled in the AVID trial,
but 107 (11%) died before the initial driving question-
naire was sent. The initial questionnaire was completed
by 83% of those to whom the survey was mailed. Of
the 758 patients who responded to the initial question-
naire, 627 (83%) had been driving during the year
before their enrollment in the trial. Among these 627
patients who form the subject of this report, there were
537 men and 90 women who were 64.5 ± 10.1 years of
age. Subsequent questionnaires were sent every 6
months to these patients. About 80% of patients
returned each questionnaire. 

Patients could recall that their physicians dis-
cussed driving restrictions with them 54% of the
time. However, the recommendations they reported
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were variable. Forty-five percent of the patients,
however, reported that their physician recommended
that they not drive for at least 3 months. Patients
reported that being restricted from driving was a
severe hardship 59% of the time, and 35% of the
patients reported that their household included no
other drivers. 

After enrollment, 57% of the patients had
resumed driving within 3 months, 78% within 6
months, and 88% within 12 months after randomiza-
tion. Most of the drivers reported driving the same
amount as they had in the previous year with only
one third reporting driving less. Most driving was
for personal pleasure or errands rather than for job-
related matters. Only 25% drove more than 100
miles per week. 

Patients who had resumed driving were ques-
tioned regarding possible arrhythmia-related symp-
toms that occurred while driving. Loss of con-
sciousness while driving was reported by 2%, 11%
reported dizziness or palpitations that necessitated
stopping the automobile,  and 22% reported dizzi-
ness or palpitations that did not require them to
stop. Of the 295 patients who had received an
implantable cardioverter defibrillator, 8% reported
receiving a shock while driving. Fifty patients
reported having had at least 1 motor vehicle acci-
dent. In only 6 of 55 reported, accidents with symp-
toms of possible arrhythmia were associated with
the accident. None of the accidents were preceded
by an ICD shock. No patient in the study died
because of an automobile accident. Possible injuries
to others were not described. The annual risk of a
motor vehicle accident was 3.4%. Interestingly,
6.2% of the patients reported having a motor vehicle
accident during the year before their enrollment in
the trial. Accidents occurred at a steady rate over
time. There was no relationship to the period of
time the patient had abstained from driving after
AVID enrollment to his risk of having an accident.
This accident rate was compared to that of the gen-
eral US population (7.1%) and the rates were not
significantly different. 

Akiyama et al conclude that their data show that
patients after recovery from a life-threatening arrhyth-
mia are not at higher risk for motor vehicle accidents.
They recommend that guidelines be changed to permit
driving as soon as a patient’s associated medical condi-
tions allow.

n COMMENT BY JOHN P. DiMARCO, MD, PhD
Many patients consider driving to be an important

part of their lifestyle. Except in major cities, public
transportation is often inadequate or inconvenient and
driving forms an important role in maintaining the
patient’s independence. In rural areas, a patient who
cannot drive is virtually homebound unless relatives or
friends can assist him. Society, however, has the
responsibility to restrict those with obvious physical
disabilities from driving in order to promote public
safety. The study by Akiyama et al offers some insight
into this problem. 

It has also been in my experience that patients return
to driving as soon as they feel physically able, even if
their physician recommends against it. In my own prac-
tice, ICD or ventricular tachycardia patients will fre-
quently arrive for their first follow-up visit after dis-
charge having driven by themselves from a nearby
town. All of these patients had been told about the cur-
rent American Heart Association recommendations that
restrict driving for several months after an episode of
arrhythmia. 

Unfortunately, the paper by Akiyama et al may not
give the most accurate picture possible. This is due to
the design of this retrospective study. First, it must be
remembered that in AVID, patients had to be eligible
for either drug therapy or an ICD. This meant that
patients with frequent arrhythmia recurrences who
required drug therapy to decrease the frequency of
events were ineligible for the study. These patients with
frequent episodes are the ones that physicians would
most strongly counsel to avoid driving and these
patients would presumably be at the highest risk for
accidents. Second, 11% of the patients enrolled in the
AVID trial died before they received the initial driving
questionnaire. Once again, these were probably the
sickest patients who were most at risk for recurrent
arrhythmias. Extending conclusions based on data from
healthier patients may not be justified. Finally, some of
the patients in the AVID trial presumably had long-
term disabilities related to complications of their resus-
citation. Even minor motor or cognitive deficits might
make it unsafe for an individual patient to drive. 

Physicians counseling patients who resume dri-
ving should be aware that the highest risk of an
unstable arrhythmia occurs during the first several
months after the initial event. It is during that time
period that antiarrhythmic therapy can be specifically
tailored to the individual, if necessary, to decrease
the frequency of symptoms. Therefore, I think that
some period during which patients should be advised
not to drive is still appropriate. I personally recom-
mend at least 3 months even though this does cause
some patients hardship.   v
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Pacemakers and Implantable
Cardioverter-Defibrillator
Generators Recalls
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: This study is a call for increased efforts by
manufacturers and the FDA to improve device reliabili-
ty and safety.

Source: Maisel WH, et al. JAMA. 2001;286:793-799.

Maisel and colleagues reviewed data on
recalls of permanent pacemakers and implantable

cardioverter defibrillators (ICDs) in the 10-year period
from January 1990 to December 2000. All weekly
Food and Drug Administration (FDA) enforcement
reports that contained recalls or safety alerts (advi-
sories) were surveyed. Advisories dealing with lead
systems only were not included. The advisories were
grouped by the FDA into 3 classes based on the possi-
bility of patient injury that might be caused by the
defect in question with class I recalls, those likely to
produce serious injury being the highest class. Maisel
et al then took the recommendations for action con-
tained in the advisory and projected the costs of the
corrective action for the number of units affected.

Between 1990 and 2000, there was a 22% increase
in the number of patients living with pacemakers and
an 11-fold increase in the number of patients with
ICDs. During this period, there were 52 advisories
that affected 108,500 pacemakers and 114,645 ICDs.
Three quarters of the advisors were class I or II. Of
these, 67% were issued due to hardware malfunctions,
19% due to firmware (integral device computer pro-
gramming), and the remainder due to miscellaneous
causes. There were 7.7 ± 1.1 advisories per 100
patient years of device usage. ICDs were more fre-
quently involved (16.4 ± 1.61 advisories per year vs
6.7 ± 0.81 per year). Some clinical intervention was
recommended by the device manufacturer in 79% of
the advisories. For advisories involving pacemakers,
replacement was often recommended only if the
patient was considered to be pacemaker dependent. In
only 6% of the advisories was replacement recom-
mended for all patients. In contrast, replacement was
recommended for 72% of the ICD advisories. If
replacement was not performed, more frequent device
checks were usually required. Maisel et al estimate
that device advisories cost $870.2 million in increased
medical expenses. No injuries related to device mal-

functions covered by these advisories are described in
this paper, but isolated case reports have appeared in
the literature. However, device failure in a completely
pacemaker-dependent patient or in an ICD patient
with rapid ventricular tachycardia might result in
death, and the cause of death might be attributed to
the patient’s underlying condition so Maisel et al rec-
ognize that they may be underestimating the severity
of the problem. Maisel et al call for increased efforts
by manufacturers and the FDA to improve device reli-
ability and safety.

n COMMENT BY JOHN P. DiMARCO, MD, PhD
Pacemakers and ICDs have become routine and

important tools for cardiologists. The study by Maisel
et al should remind us that these devices, although
extraordinarily effective in most patients who receive
them, are complex and require careful follow-up after
implantation.

Most physicians are aware of the early complica-
tions associated with pacemaker or ICD implantation.
Bleeding, infection, vascular damage, pneumothorax,
and lead dislodgment are the most commonly
described early complications. These complications
can be minimized by scrupulous attention to implant
technique, by use of smaller devices that are easier to
implant and by improved lead designs. Pacemaker
and ICD leads may also fail during chronic usage.
These leads are subject to mechanical and environ-
mental stress, and insulation failures or lead fractures
are common. Some leads have a higher failure rate
than others and one system, an atrial J-shaped lead
manufactured by Telectronics, caused patient deaths
and severe injuries when an imbedded wire fractured
with the potential for lacerating the right atrium. Late
pocket erosions are less frequently seen as devices
have become smaller but are still encountered. Since
the function of the pacemaker or ICD is tested at the
time of implant, we often consider the device itself
the most reliable part of the system.

The report by Maisel et al should make us reconsid-
er this complacency. Although it is true that advisories
were triggered by defects in only a small proportion of
the devices covered, the advisory affected every
patient with that device model. Maisel et al’s cost esti-
mate of $870 million is probably too low since they
assumed replacement operations to be free of compli-
cations. Progressive scarring in a device pocket from
multiple procedures may promote infection, erosion,
and lead damage.

The solution to this problem is elusive. Increased
clinical testing before release of an individual model
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is unlikely to work. Most device recalls are triggered
by a small number of observations and only a small
proportion of recalled devices are defective. Only
large-scale market release gives enough experience to
detect these defects. What manufacturers and the
FDA should strive for are better methods to detect
potential for failure before a device is implanted.
Innovative approaches for nondestructive testing of
all device functions should be developed. Only with
better methods for preimplant testing before the
device leaves the factory, can we decrease the num-
ber of advisories without delaying implementation of
new technology.   v

Conduction Abnormalities in
Infectious Endocarditis
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: ECG conduction changes are not uncommon
in infectious endocarditis and are associated with inva-
sive infection and a higher mortality.

Source: Meine TJ, et al. Am Heart J. 2001;142:
280-285. 

The development of cardiac conduction
abnormalities has long been considered an omi-

nous sign in patients with infectious endocarditis,
but there are little objective data on this complica-
tion in the echocardiographic era. Thus, Meine and
colleagues prospectively evaluated cardiac-conduc-
tion defects in patients with suspected endocarditis
to determine their incidence and prognostic value.
The Duke criteria were used to identify 137 patients
with definite or possible endocarditis and  an inter-
pretable ECG. New conduction abnormalities or
ones of indeterminant age were evaluated in this
study, which included echocardiography. ECG con-
duction changes were observed in 36 of the 137
patients (26%), which included AV blocks and intra-
ventricular blocks. Conduction abnormalities were
more common in men and those with a prosthetic
valve. Conduction abnormalities were not related to
type of organism, but they were more common in
patients with evidence of invasive infection.
Although surgery was not more frequent in those
with conduction abnormalities, mortality was higher
(31% vs 15%; P < .04) or RR = 2.6; CI 1.01-6.18).
Also, mortality was highest in those with intraven-

tricular block (41%). Meine et al concluded that
ECG conduction changes are not uncommon in
infectious endocarditis and are associated with inva-
sive infection and a higher mortality. 

n COMMENT BY MICHAEL H. CRAWFORD, MD
Textbooks and older articles emphasize the dire

prognosis of complete heart block in patients with
infectious endocarditis, especially of the aortic valve.
In this study, complete heart block was unusual (4%)
and all these patients survived. However, this paper
shows that any conduction abnormality, even first-
degree AV block (one third of the conduction abnor-
malities) is associated with an increased mortality
(31%) and intraventricular blocks such as bundle-
branch block has the highest mortality (41%). Also,
conduction abnormalities on ECG identified patients
more likely to have invasive infection on echocardiog-
raphy, which supports the pathophysiologic hypothesis
that the conduction abnormalities are often due to
extension of the infection into the conduction system.
This would explain the higher incidence of conduction
abnormalities in patients with prosthetic valves, since
infection is most likely in the sewing ring rather than
on the leaflets. 

Despite modern diagnostic techniques, broad spec-
trum antibiotics, and advances in surgery, endocarditis
remains a lethal disease with an overall 20% mortality
in this study, and twice that in patients with conduc-
tion abnormalities. So should surgery be performed
earlier in those with conduction abnormalities? It
would seem to make sense, but in this study only 5%
of the patients had surgery. Thus, the role of surgery
cannot be ascertained. At this point, a conduction
abnormality that is new or of indeterminant age should
prompt consideration of surgery and be a factor if
surgery is being contemplated, but it is not a sufficient
reason alone for surgery.   v

CME Questions
16. In acute non-ST elevation ischemic syndromes, clopidogrel: 

a. reduces bleeding complications.
b. is contraindicated if platelet IIb/IIIa agents are given.
c. reduces death, nonfatal MI or stroke by 20%.
d. reduces rehospitalization for unstable angina.

17. Multivessel PCI for acute MI:
a. reduces mortality.
b. reduces death, MI, or re-revascularization.
c. increases the risk of stroke.
d. reduces reinfarction.
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