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Atrial Fibrillation:
Is Slowing the Rate Sufficient?

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

Synopsis: Rate control alone “can result in substantial benefit,”
using the combination of digoxin and diltiazem; in addition to an
equivalent quality of life, the substantially fewer hospital admis-

sions in the rate control group should result in major cost savings.

Source: Hohnloser SH, et al. Lancet 2000;356:1789-1794.

Atrial fibrillation (af) has become a growth industry,
stimulated by the recognition that AF is the most common

clinical arrhythmia, almost ubiquitous in patients who undergo
surgery, as well as in the aging population. While most cardiolo-
gists have traditionally believed that maintenance of sinus rhythm
(SR) is the optimal therapeutic strategy, doing so requires consider-
able effort, expense, testing, and often-repeated electrical car-
dioversion. The question is to whether adequate rate control alone
would be comparable to efforts to maintain SR in garden variety
patients with AF has never been answered. Two trials, one the North
American Atrial Fibrillation Follow-up Investigation of Rhythm
Management (AFFIRM) study and the German Pharmacological
Intervention in Atrial Fibrillation (PIAF) trial study, have been
designed to address this issue. AFFIRM has not been completed but
PIAF has recently been published.

PIAF is an open label, randomized study testing a rate-slowing
strategy to one of the efforts to maintain SR in patients with AF.
While Hohnloser and associates consider PIAF a pilot study, no
mention is made as to whether a larger trial has or will be instituted
by this group of 21 German hospitals. Eligibility criteria included
the presence of AF in symptomatic patients 18-75 years of age; the
arrhythmia had to be persistent for at least one week but no more
than one year. Exclusion criteria included sick patients, active coro-
nary artery disease, slow ventricular rate, recent cardiac surgery,
intracardiac thrombus, and history of embolization. Trial duration
was 12 months, with regular visits over this period. All patients
underwent baseline echocardiography, 24-hour Holter monitoring to
assess mean heart rate, and a six-minute walk test period. In addi-
tion, a quality of life health survey was used. The primary end point
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consisted of cardiac symptom assessment and included
the three most common symptoms of AF: palpitations,
dizziness, and dyspnea. Symptomatic improvement was
defined by elimination or reduction of the frequency of
any of these symptoms in a hierarchical order. Statistics
included an efficacy analysis based on the intention-to-
treat principle. Patients randomized to rate control
(Group A) received 90 mg of diltiazem 2-3 times daily,
and most were on digoxin at entry. Patients randomized
to maintenance of SR (Group B) were given 600 mg of
amiodarone for three weeks and then 200 mg per day.
All patients were anticoagulated. In the SR group, car-
dioversion was performed after three weeks if pharma-
cologic conversion to SR did not occur.

The patient groups were equally balanced; 92% were
male with a mean age of 60. Approximately 60% had
hypertension, 30% CAD, and 20% valve disease. Dysp-
nea and palpitations were present in 80-90% of patients at
baseline; 37% reported dizziness. Mean duration of AF
was approximately 3-4 months in the 252 patients
enrolled. Of all the patients, 70% were on digoxin at base-
line, and 10% on beta-blockers. Patients were not allowed
to receive antiarrhythmic agents during the study.

Results: there were a total of two deaths. The primary
end point of symptomatic improvement was compara-
ble in both groups; there were no differences between
them at three,12, 24, and 52 weeks. The mean heart rate

was 80-90 in both groups, slightly slower in the amio-
darone patients. In group A, 10% of the patients were in
sinus rhythm by the end of the study, compared to 56%
of group-B patients, (P < 0.001). Amiodarone alone
restored SR in 23% of group B patients;15% of group B
patients underwent two electrical cardioversions, and
3% were cardioverted three times. The maintenance
dose of amiodarone at one year was 211 mg. Exercise
tolerance was significantly different between the
groups, with a greater improvement in the 6-minute
walking distance in the amiodarone patients at one year.
The separation of walk test time between the two
groups began at 12 weeks and was present at 24 and 52
weeks. Of group A patients, 24% were admitted to the
hospital during the year vs. 70% of the group B patients
(most of these admissions were for electrical cardiover-
sion, 67%, or amiodarone toxicity, 27%). Seventy per-
cent of group A admissions were for drug side effects.
Quality of life improved in both groups with no differ-
ence between groups.

Hohnloser et al state that quality of life was “lower at
baseline compared with the U.S. norm in individuals
with sinus rhythm.” They conclude that “neither of the
two therapeutic strategies is superior in terms of
improvement in atrial fibrillation-related symptoms.”
They further stress that this study has major implica-
tions with respect to care and cost of treating patients
with AF who are symptomatic. They believe rate con-
trol alone “can result in substantial benefit,” using the
combination of digoxin and diltiazem; in addition to an
equivalent quality of life, the substantially fewer hospi-
tal admissions in the rate control group should result in
major costs savings (no data are provided). Hohnloser et
al recognize that their protocol called for one cardiover-
sion, and that other antiarrhythmic drugs or repeated
electrical cardioversion might have led to a greater per-
centage of patients in SR at one year. The rate of main-
tenance of SR was somewhat lower than the Canadian
Trial of Atrial Fibrillation (69% maintenance). They
acknowledge that the sample size is relatively small, but
nevertheless conclude, “it seems appropriate to choose
the best therapeutic strategy according to the needs of
the individual patients.”

■ COMMENT BY JONATHAN ABRAMS, MD
This is a useful trial for clinicians who care for the

increasing number of patients with AF. Clearly, in spite
of the hypothetical rationale that it is better to be in SR
(less atrial remodeling, less left atrial dilatation, lower
embolic rate, better hemodynamics), the one-year results
of PIAF are reassuring that a policy of rate control only
in selected individuals does not produce harm. All
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patients were anticoagulated and all were symptomatic.
Not all physicians would use the same pharmacologic
guidelines in similar AF individuals in their practice. I
am of the opinion that at least one electrical cardiover-
sion should be performed in any patient with sympto-
matic AF, although this may not be necessary in a patient
who is clinically stable and feels well with rate control
alone. The PIAF study also supports a rate control strate-
gy following initial cardioversion, if not successful or if
SR was not maintained; thus, a careful period of rate
control might be better than pursuing additional electri-
cal cardioversion. On the other hand, for patients who
remain symptomatic in AF, vigorous efforts should be
made to achieve and maintain SR. Thus, if amiodarone
did not work, other drugs (class I or class III) might be
initiated, as well as repeat cardioversion and even con-
sideration for AF ablation therapy.

The limitations of this trial are its small number and
the relatively short follow-up period. However, the data
are reassuring for the rate control strategy, particularly for
the many older patients who are not particularly active
and have a relatively low level of symptoms with heart
rate control. Also, a recent article confirms that only a
minority of intermittent AF patients will develop perma-
nent AF, with increased age and presentation in AF at
onset predicting permanent AF.1 Another caveat is that
beta-blockers were not widely used in this study. It
appears that these patients had relatively little difficulty in
achieving heart rate control, which was documented to be
adequate on 24-hour Holter recording. The results of the
very large AFFIRM mortality trial enrolling patients
without sustained AF are eagerly awaited. ❖

Reference
1. Al-Khatib SM, et al. Am Heart J 2000;140:142-145.

Postoperative
Atrial Fibrillation
A B S T R A C T & C O M M E N T A R Y

Synopsis: There was little difference in a cardiover-
sion vs. a rate control strategy for restoring sinus
rhythm in post heart surgery patients who go into atri-
al fibrillation.

Source: Lee JK, et al. Am Heart J 2000;140:871-877.

Atrial fibrillation (af) after heart surgery
is a common problem, despite recent attempts to

prevent it with prophylactic drug therapy. Thus, Lee
and colleagues evaluated two strategies for managing
AF in 50 postoperative heart surgery patients: conver-
sion to sinus rhythm vs. heart rate control. The con-
version strategy initially used pharmacologic therapy
with sotalol or propafenone, or occasionally amio-
darone or procainamide. If cardioversion did not
occur within 48 hours, electrical cardioversion was
used. In the rate control arm, initial therapy was usu-
ally intravenous diltiazem or beta-blockers and digox-
in. Adequate rate control was defined as average heart
rates less than 110 beats per minute. Intravenous
heparin and warfarin were given to both groups. Con-
tinuous ECG monitoring was used until hospital dis-
charge to detect recurrences of AF. The hypothesis
tested was that a cardioversion strategy would restore
normal sinus rhythm sooner and result in reduced hos-
pital stay vs. a rate control strategy. The patients ran-
domized to both groups were very similar. Of interest,
about two-thirds were on beta-blockers at the time of
randomization. AF occurred most frequently on the
third postoperative day. Five patients crossed over
from rate control to cardioversion: three by physician
request after their AF recurred; one because of a con-
traindication to anticoagulation; and one because of
failure of rate control. Five patients spontaneously
converted before drug administration; three in the rate
control arm and two in the cardioversion arm. Rate
control required the administration of two drugs in the
majority of patients. Time to conversion to sinus
rhythm averaged 11 hours and was not different
between the two arms. Hospital stay was less in the
cardioversion arm (9 days vs 13 days; P = 0.05).
There was no difference in relapse rates between the
two groups (37% cardioversion vs 57% rate control; P
= NS), but by eight weeks, more than 90% in both
groups were in sinus rhythm. Complications were
more frequent in the cardioversion arm mainly due to
the adverse effects of the antiarrhythmic drugs. Lee et
al concluded that there was little difference in a car-
dioversion vs. a rate control strategy for restoring
sinus rhythm in post heart surgery patients who go
into AF.

■ COMMENT BY MICHAEL H. CRAWFORD, MD
Several recent studies have described the benefits of

preoperative prophylactic therapy to prevent AF after
heart surgery with beta-blockers, sotolol, or amin-
odarone. This approach has not achieved widespread
acceptance possibly due to higher costs, increased com-
plications, or the less than 100% success of using these
agents preoperatively. Thus, Lee et al focused on the
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issue of which postoperative strategy is best if AF devel-
ops in the postoperative heart surgery patient. In this
study, despite the fact that two-thirds of the patients were
on beta-blockers perioperatively, 18% of their heart
surgery patients surveyed developed AF. Perhaps this
incidence would have been less if amiodarone had been
used instead, but at what extra cost? Regardless, a strate-
gy for the patient who develops AF is needed. An
aggressive cardioversion approach with antiarrhythmic
drugs is preferred by many, because it is believed to
eliminate the problem and immediately reduce the risk
of stroke, possibly without having to anticoagulate the
patient. In this study, a conservative approach was used
in which all patients were anticoagulated, which is prob-
ably wise if no contraindications exist.

The results of this comparative strategy study showed
that rate control was as effective as cardioversion for the
main study end point of conversion to sinus rhythm. This
is probably due to the high incidence of spontaneous
conversion in both groups. In fact, 10% of the subjects in
both groups converted before any drugs could be admin-
istered. Hospital stay was less in the cardioversion
group, possibly because recurrent AF during the hospital
stay was more common in the rate control group. How-
ever, by eight weeks, more than 90% of the patients in
both groups were in sinus rhythm. Thus, AF postopera-
tively seems to be a transient problem in most patients.

There are several limitations to this study. It was not
blinded, because that would have been very hard to do.
Thus, hospital stay could have been prolonged in the rate
control group because the physicians were less likely to
discharge these patients off antiarrhythmic drugs. Also,
there was no standard therapy. Physicians were allowed
any reasonable treatment within the confines of the two
strategies. This makes conclusions about specific treat-
ments difficult to determine. The number of patients was
small and Lee et al referred to this as a pilot study for a
possible larger trial. Finally, 70% of the patients had
coronary surgery only. Thus, similar results may not be
obtainable in valve surgery patients.

At this point, one must conclude that considerable
physician latitude is permissible. Some may choose an
aggressive prophylactic therapy approach. Others may
be selective about prophylaxis and aggressively treat AF
if it develops. Others may reasonably control rate unless
this is not possible or it fails. Whatever strategy is cho-
sen, immediate anticoagulation with heparin is recom-
mended and coumadin for 4-12 weeks should be seri-
ously considered for all who develop even transient AF
postoperatively. Finally, specific treatable causes of AF
should be sought such as fever, thyrotoxicosis, or
mechanical stimulation of the atria from catheters. ❖

More Late-breaking Trials
From the AHA Meeting
C O N F E R E N C E C O V E R A G E

Editor’s Note: American Heart Association Annual
Scientific Sessions, November 2000, New Orleans, La.

MIRACL Trial / FLORIDA Trial

There is considerable interest in the potential
role of statin therapy in acute coronary syndromes

(ACS), such as Q-wave myocardial infarction (MI), unsta-
ble angina, and non-ST segment elevation MI. Observa-
tional studies in ACS have suggested that patients who, on
admission or discharge from the hospital, are on a statin
enjoy reduced morbidity and mortality. The three large
statin trials in patients with established coronary disease
(4S, CARE, LIPID) excluded patients with a recent ACS.
No prospective study of lipid reduction in ACS has been
reported, although several are in progress. The MIRACL
Trial (Myocardial Ischemia Reduction with Aggressive
Cholesterol Lowering) enrolled 3086 patients with unsta-
ble angina or non-Q-MI and randomized them to atorvas-
tatin (80 mg/d) or placebo for 16 weeks. Drug initiation
occurred within the first 24-96 hours. All patients were
encouraged to follow a NCEP Step 1 diet. Patients with
unstable angina had positive biochemical markers,
dynamic ST-T changes, or new wall motion or nuclear
perfusion abnormalities. Exclusion criteria included
recent MI or revascularization, and LDL-C of greater than
270. Enrollment occurred between June 1997 to January
2000. The primary end point was a composite of death,
nonfatal MI, ischemic cardiac arrest, and increasing angi-
na requiring hospitalization with objective ischemia. Sec-
ondary end points included revascularization, worsening
angina without objective ischemia, and stroke. The study
was international and involved 19 countries and 122 hos-
pitals; half were in Europe; one-third in the United States
and Canada, as well as South Africa, and Australia-New
Zealand.

Baseline characteristics: Mean age was 65; 55% were
male, 15% noncaucasian, 25% had a prior MI, and 11%
had previous revascularization. More than half were
hypertensive, one-fourth were diabetic, and 28% were
past/present smokers; 45% presented with unstable angi-
na and 55% with non-Q-MI. The mean time to random-
ization was 63 hours. Patients were continued on stan-
dard medical therapy. Ninety percent were on aspirin
and nitrates, 75-80% were on beta-blockers and heparin,
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and more than 50% were on ACE inhibitors and calcium
blockers. Baseline lipids: total cholesterol 206; LDL
124, HDL 46, and TG 183. In the statin cohort, there was
a 27% reduction of TC, declining to 147 mg/dL; LDL
fell 40% to a mean of 72 mg/dL; HDL rose slightly to
48, and triglycerides decreased to 139 mg/dL, a 16%
reduction. The primary end point results favored atorvas-
tatin, with a 16% reduction in relative risk (P = 0.048).
Placebo patients had a 17.4% rate of MI or re-hospital-
ization vs. 14.8% in the statin group. There was a signif-
icant decrease in recurrent angina/ischemia, with trends
for decreased death and MI. Recurrence of angina
decreased by 26% (8.4% placebo vs 6.2% atorvastatin).
Stroke was robustly less by 50% (P = 0.045; 1.6% vs
0.8%). All other secondary end points were not signifi-
cantly different. There was a 2.5% elevation of liver
function tests in the atorvastatin patients vs. less than
0.6% with placebo. There was no evidence of myositis.

■ COMMENT BY JONATHAN ABRAMS, MD
This study represents a missing link in the lipid-lower-

ing trial data to date, confirming that cholesterol lowering
is beneficial over a short period of time in ACS. Of interest,
the subjects were not chosen because of hyper-choles-
terolemia, and in fact the baseline lipid levels were relative-
ly unremarkable. The absolute reduction of 2.6% in the
composite end point was powered primarily by re-hospital-
ization for angina. Unfortunately, data regarding revascu-
larization during the initial admission as well as readmis-
sion were not provided. The mechanism of benefit with
atorvastatin cannot be ascertained in this short 16-week
trial. Nonetheless, it is likely that the beneficial effects are
directly related to reductions in LDL and oxidized LDL
cholesterol in the vessel wall, resulting in a decrease in
inflammatory state and improved endothelial function.
Decreased susceptibility to plaque rupture as well as a
diminished thrombotic milieu are possible. Curve separa-
tion did not begin until after the first weeks, supporting a
plaque stabilizing and antiplatelet-thrombotic mechanisms
related to atorvastatin. Inflammatory markers were elevat-
ed. The mean achieved LDL-C of 72 mg/dL is the lowest
in any of the reported statin trials; it is likely that the base-
line TC and LDL-C were actually slightly higher due to
rapid decline in lipid levels following hospitalization. The
MIRACL results are in contrast to FLORIDA, a trial from
The Netherlands also reported atAHA, which failed to find
a benefit for fluvastatin 80 mg in 540 patients with acute
Q-MI. Lipid lowering therapy or placebo was given for
one year; the end point was ambulatory ischemia. The
results were negative, with a low incidence of ambulatory
ishcemia at baseline (12%), falling in both the placebo and
statin cohorts at six weeks and 12 months.

There is now a great deal of evidence supporting the
use of a statin for most patients with coronary artery dis-
ease, irrespective of the clinical presentation and baseline
LDL-C. While the CARE trial has engendered a contro-
versy about how far to go to achieve benefits, and the
CARE investigators have suggested a target goal of 125
mg/dL may be sufficient, it is likely that lower is better.
MIRACL used a fixed high dose of atorvastatin with ben-
eficial results; baseline lipids were low at 124 mg/dL for
LDL-C. Clinical benefits were observed in MIRACL
over an extremely short period of time (4 months), which
is unique among lipid-lowering trials. Anecdotal and
observational data from a number of sources are concor-
dant with the findings of MIRACL, as are the many basic
science and vascular biology results supporting the cho-
lesterol hypothesis. The results, while not extraordinarily
robust, support the recommendation that all patients with
an acute ACS, probably including ST-segment elevation
MI (not studied in MIRACL) should be started on a high-
dose statin, irrespective of lipid values. There are scant
data showing that other pharmacological agents, includ-
ing beta-blockers, calcium antagonists, nitrates, or ACE
inhibitors, result in a comparable decrease in major mor-
bidity and mortality in ACS. ❖

IIb/IIIa Inhibitors and CABG
A B S T R A C T & C O M M E N T A R Y

Synopsis: Eptifibatide treatment in patients with recent
acute coronary syndrome referred for coronary artery
bypass graft results in significant reduction in death or
MI rates through six months of follow-up without an
increase in bleeding complications.

Source: Marso SP, et al. Circulation 2000;102:2952-2958.

The use of glycoprotein (gp) iib/iiia antagonists
has significantly improved outcomes for patients

with coronary artery disease, most notably higher risk
subgroups including those with acute coronary syn-
dromes (ACS) or those undergoing percutaneous coro-
nary revascularization. A small, but significant number
of these patients will ultimately be referred for coronary
artery bypass grafting (CABG), often in the urgent or
emergent setting, which places them at higher risk for
adverse cardiac events in the peri-operative period.
Despite accumulating data supporting the safety of GP
IIb/IIIa antagonists in the setting of CABG, concerns
about potential bleeding complications associated with
their use persist. More importantly, little is known about
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the potential role that GP IIb/IIIa antagonists might play
in reducing morbidity and mortality in the peri-operative
period, as they have in the catheterization laboratory and
the coronary care unit. Therefore, Marso and colleagues
reviewed death, myocardial infarction, and bleeding
complication rates in the 1558 ACS patients referred for
CABG during the index hospitalization in the Platelet
Glycoprotein IIb-IIIa in Unstable Angina: Receptor Sup-
pression Using Integrilin Therapy (PURSUIT) trial.

PURSUIT, the largest trial of GP IIb/IIIa inhibition in
ACS, was designed to evaluate a relatively unselected
group of 10,948 patients with UA and non-ST elevation
myocardial infarction (MI). Patients received aspirin or
ticlopidine, and heparin, and were randomized to receive
a bolus and infusion of eptifibatide (Integrilin) or place-
bo for up to 72 hours. The eptifibatide-treated group
experienced a 14.2% reduction the primary end point of
death or nonfatal myocardial infarction at 30 days
(14.2% vs 15.7%; P = 0.04). Eptifibatide treatment was
associated with reduced rates of reinfarction and of large
MI (CK-MB elevation > 5-fold) and event rates were
significantly reduced in patients undergoing PCI.

In the PURSUIT trial, 1558 patients underwent
CABG during the index hospitalization. Of these, 866
received eptifibatide and 692 received placebo. The
main substudy end point was death or MI at 30 days. MI
was defined as CK or CK-MB = 5 times the upper limit
of normal, or new Q-waves in two contiguous leads. In
addition, bleeding events were characterized using the
TIMI bleeding scale. Minor bleeding was defined as
observed bleeding with drop in hematocrit of 10%, or
hemoglobin of 3 g/dL. Major bleeding was defined as
any intracranial bleeding or observed bleeding with drop
in hematocrit of 15%, or hemoglobin of 5 g/dL.

While the baseline characteristics suggest that the
patients receiving in-hospital surgery in PURSUIT rep-
resent a relatively high-risk cohort, these characteristics
were well matched between patients receiving eptifi-
batide and those receiving placebo. The urgency of refer-
ral for CABG and the extent of coronary disease were
also comparable between groups.

There was a significant 15.6% reduction in death or
MI at 30 days in the eptifibatide-treated group relative to
the placebo-treated group (26.1% vs 30.8%; P = 0.041).
This difference was evident within seven days, and per-
sisted out to six months of post-CABG follow-up
(27.6% for eptifibatide vs 32.7% for placebo; P =
0.029). When peri-operative MIs were excluded from
the analysis, the reduction in events for eptifibatide-
treated patients persisted. When time from discontinua-
tion of the study drug to surgery was evaluated, benefit
was limited to only those patients undergoing surgery

within 72 hours of discontinuation of eptifibatide. In
addition, multivariate analysis showed additional benefit
when eptifibatide administration was continued closer to
the time of surgery. There were no differences in major
or minor bleeding events or stroke rates between the
eptifibatide and placebo-treated groups.

Marso et al conclude that eptifibatide treatment in
patients with recent ACS referred for CABG results in sig-
nificant reduction in death or MI rates through six months
of follow-up without an increase in bleeding complica-
tions. They acknowledge the limitation that this was not a
prespecified substudy of PURSUIT and that referral for
CABG was not randomized. They outline the importance
of platelet activation that can persist for several days in
patients with ACS, and postulate that plaque passivation
may be especially important when these patients undergo
CABG because of the additional platelet activation precip-
itated by the initiation of cardiopulmonary bypass. They
further suggest that evaluation of prophylactic GP IIb/IIIa
inhibitor administration as a strategy to prevent platelet
activation while on bypass warrants further evaluation.

■ COMMENT BY SARAH M. VERNON, MD
Overall, the need for CABG is probably reduced in

patients who have received GP IIb/IIIa antagonists. How-
ever, when these patients are referred for CABG, they
often represent a particularly high-risk group because of
the refractory ischemia and/or hemodynamic instability
that often accompanies unstable coronary syndromes,
high-risk coronary anatomy (such as left main or severe
multivessel disease) or unsuccessful PCI procedures.
Unfortunately, these higher risk patients also have higher
rates of adverse perioperative events such as MI or bleed-
ing complications, though in all likelihood, many of these
complications occur independent of preoperative GP
IIb/IIIa antagonist administration. At the same time, data
continue to accumulate with regard to their efficacy both
in the medical therapy and in the prevention of ischemic
complications due to PCI, and in study after study, it has
been shown that the highest risk patients derive the great-
est benefit from GP IIb/IIIa antagonist administration.
Therefore, it becomes progressively more difficult for the
clinical cardiologist to justify witholding these agents in
patients hospitalized with coronary artery disease, simply
because referral for urgent or emergent CABG may even-
tually become necessary.

Prior to this report, the largest published experience
of CABG in patients receiving GP IIb/IIIa antagonists
comes from the EPIC trial1 in which 2099 patients were
randomized to receive abciximab or placebo during PCI
for acute coronary syndromes. In EPIC, 56 patients
(2.7%) were referred for CABG surgery within 24 hours
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of receiving abciximab. There were no differences in
rates of peri-operative myocardial infarction or death
between the groups. While major bleeding occurred at
high rates in all treatment groups in EPIC, including
placebo, there were no differences in bleeding or trans-
fusion rates between the abciximab and placebo-treated
groups. Thus, EPIC data suggested that emergent CABG
surgery could be performed in abciximab-treated
patients with acceptable mortality and complication
rates. Up until now, the remainder of published data
regarding outcomes of CABG surgery for patients who
have received GP IIb/IIIa antagonists comes from even
smaller, retrospective series and case reports.

Recently published data from the PURSUIT trial now
suggest that outcomes in patients undergoing CABG
may, in fact, be improved by eptifibatide administration,
and that, once again, bleeding rates for CABG patients
who have received GP IIb/IIIa antagonists are equivalent
to placebo. These data should make the decision to initi-
ate GP IIb/IIIa antagonist therapy a little easier, though
the intricacies of which agent and which concomitant
therapy in which clinical scenario remain to be elucidat-
ed. In addition, these data are also supported by the theo-
retically appealing and feasible postulated mechanism of
passivation of ACS and CPB mediated platelet activa-
tion, and suggest that the outcomes of patients undergo-
ing CABG could conceivably be further improved by the
routine use of GP IIb/IIIa antagonists in the future.
While not a randomized trial specifically designed to test
the safety and efficacy of short-acting GP IIb/IIIa antag-
onists in all patients referred for CABG, the results of
this substudy should be reassuring, if not compelling, to
practicing cardiologists and their surgical colleagues. ❖
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ECG Phenotypes in Congeni-
tal Long-QT Syndrome
A B S T R A C T & C O M M E N T A R Y

Synopsis: ST-T wave patterns can be useful for stratify-
ing molecular genetic studies.

Source: Zhang L, et al. Circulation 2000;102:2849-2855.

In this paper, zhang and associates represent-
ing five centers from the international long QT syn-

drome (LQTS) registry attempt to define whether spe-
cific ECG patterns are associated with the individual
channel abnormalities described in LQTS. Patients
with characterized abnormalities in the genes
KvLQT1 (LQT1), HERG (LQT2) and SCN5A
(LQT3) were included. The study had two phases. In
phase I, resting 12-lead ECGs from 284 gene carriers
among 29 LQTS families that had undergone genetic
analysis were reviewed. There were 131 LQT1
patients from eight families, 93 LQT2 patients from 15
families, and 60 LQT3 patients from six families. The
ECGs were reviewed by three associates and the ST-T
morphology characterized. In phase II, the criteria for
identifying LQTS genotype were perspectively evalu-
ated in 104 newly identified LQT1 and LQT2 gene
carriers. Since LQT3 is rare, 42 of the 60 original
LQT3 ECGs were reanalyzed without knowledge of
the genotype.

Four typical ST-T wave patterns were identified in
LQT1 patients, four in LQT2 patients, and two in
LQT3 patients. In LQT1, an infantile pattern was seen
where a short ST segment merged immediately into
the T wave’s upslope. A broad based T-wave pattern
in LQT1 was identified by a single smooth broad
based T-wave present in most leads but particularly
evident in the precordial leads. Some patients with
LQT1 had normal T-wave morphology with the QT
interval ranging from normal to obviously prolonged.
Finally, in LQT1, a late onset, normal appearing T-
wave pattern was seen in which the ST segment was
prolonged but the T-wave morphology appeared nor-
mal. LQT2 is characterized by bifid T waves. These
were usually present in most of the 12 leads. The T-
wave amplitude was usually low and various mor-
phologies of bifid T waves were seen. In LQT3 two
patterns were identified. The first pattern had late
onset peaked or biphasic T waves. The T wave had a
steep downslope. The QT interval was markedly pro-
longed. An asymmetrical pattern was also seen in
long LQT3 in which the T wave was peaked and
asymmetrical with a steep downslope.

All LQT1 and LQT2 families had different mutations
yet the typical patterns were similar regardless of the
mutation. In addition, it was observed that any or all four
of the patterns for both LQT1 and LQT2 could be pre-
sent in a single family.

In phase 2, 80 of 127 families exhibited patterns
characteristic of LQT1, LQT2, or LQT3. In the 56 fam-
ilies in whom a mutation was identified, the ECG cor-
rectly predicted the site of the mutation. However, in 24
of 80 families with typical ECG patterns, no mutation
was identified so the accuracy of the ECG classifica-
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tion cannot be assessed. Forty-seven of the 127 families
had nonspecific ST-T wave patterns that did not fit any
single classification. In 25 of these families, a mutation
was identified. These mutations classified the family as
either LQT1, LQT2, LQT3, LQT5 (MinK or KCNE1
defect), or with multiple mutations. In 22 of the fami-
lies with nonspecific ECG finding, no mutation was
identified.

Zhang et al conclude that ST-T wave patterns can be
useful for stratifying molecular genetic studies. When
a typical ECG pattern is identified, the suspected gene
should be the initial target for genetic testing. This
may significantly reduce the time and cost currently
required for genetic testing. If therapeutic interven-
tions based on specific genotypes are shown to be
effective, then ECG screening could be helpful for
therapeutic decision making.

■ COMMENT BY JOHN P. DiMARCO, MD, PhD
This paper is an extension of an earlier work from the

LQTS registry1 analyzing electrocardiographic patterns
in patients with this syndrome. As described above,
there are a number of different genes involved in LQTS
and many mutations in each gene have been reported.
These genes affect various ionic channels and different
mutations may result in different functional properties.
If the electrocardiogram could be used to predict the
genetic and functional abnormality, this would simplify
screening patients with known long QT syndromes in
the future.

The problem clinicians have with the long QT syn-
drome is extreme variability of ECG findings in affect-
ed individuals. Although the gene abnormalities are
transmitted with an autosomal dominant pattern, the
penetrance is highly variable. In addition, the QT inter-
val is variable and there is considerable overlap
between the upper limits of the QT interval in normals
and the QT interval seen in affected individuals. Some
of the patterns shown in the paper by Zhang et al are
quite easy to identify; however, it is disturbing that
almost 40% of the patients with LQT1 had a normal
appearing T wave and a QT interval that was only
slightly prolonged. In addition, the bifid or notched T
wave seen in LQT2 may be difficult to distinguish from
U waves seen in other conditions that are not associated
with malignant arrhythmias. At present, the major
problem for clinicians is not to classify the responsible
gene based on an electrocardiogram but to make the
diagnosis of long QT syndrome. In this respect, this
paper merely points out there is some relationship
between the channel abnormality and the electrocardio-
graphic manifestations. Unfortunately, it will not help

clinicians evaluate patients without documented
arrhythmias who present with an electrocardiogram
that raises the question of a long QT syndrome or
asymptomatic family members of LQTS patients. ❖
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CME Questions

6. Cardioversion vs. rate control in atrial fibrillation patients
shows results in:
a. fewer symptoms.
b. better exercise tolerance.
c. fewer hospitalizations.
d. reduced mortality.

7. A cardioversion vs. rate control strategy in post heart surgery
atrial fibrillation results in:
a. shorter time to conversion to sinus rhythm.
b. reduced hospital stay.
c. fewer relapses.
d. less complications.

8. The standard 12-lead ECG in long QT syndrome is useful for:
a. determining the risk of sudden death.
b. determining which family members have genetic mutations.
c. triaging genetic testing.
d. making therapeutic decisions.

9. Statin therapy for acute coronary syndromes results in:
a. reduced composite end point of death, MI, or increasing angina.
b. reduced mortality.
c. reduced MI.
d. reduced liver function tests.

10. The use of platelet glycoprotein IIb/IIIa inhibitors in CABG
patients:
a. increases bleeding complications.
b. increases strokes.
c. reduces death or MI.
d. increases transfusion requirements.

Readers are Invited. . .
Readers are invited to submit questions or comments

on material seen in or relevant to Clinical Cardiology
Alert. Send your questions to: Melissa Lafferty, Clinical
Cardiology Alert, c/o American Health Consultants, P.O.
Box 740059, Atlanta, GA 30374. For subscription infor-
mation, you can reach the editors and customer service
personnel for Clinical Cardiology Alert via the internet
by sending e-mail to melissa.lafferty@ahcpub.com. ❖
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