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Beta Blockers for Congestive Heart
Failure: Interesting New Reports  

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

Two major randomized clinical trials using beta-block-
ing agents for congestive heart failure (CHF) have recently

been reported, with disparate results. One report, the BEST (Beta
Blocker Evaluation of Survival Trial) study, suggests that there may
be important racial differences in modulating responses to the ther-
apy. The other report involves carvedilol, a drug with beta 1 and 2
receptor antagonism, alpha blocking actions, antioxidant properties,
and nonadrenergic mechanisms of action. Carvedilol has been stud-
ied in a variety of smaller trials in class II and III CHF, as well as in
the postinfarct patient (CAPRICORN trial, recently reported in
Clinical Cardiology Alert). COPERNICUS (Carvedilol Prospective
Randomized Cumulative Survival Study) (Packer M, et al. N Engl J
Med. 2001;344:1651-1658) enrolled patients with “severe chronic
heart failure,” defined by dyspnea or fatigue at rest or with minimal
exertion and a left ventricular ejection fraction (EF) of < 25% on
standard CHF therapy. Randomization occurred between 1997 and
March 2000, at which time the study was stopped prematurely
because of a “significant beneficial effect of carvedilol on survival.”

All patients were stable late class III-IV, with no more than mini-
mal peripheral edema, and “euvolemic.” Carvedilol or placebo was
initiated at 3.125 mg b.i.d. for 2 weeks, with an increase to 25 mg
twice daily at 2-week intervals, as tolerated. The primary end point
was all-cause death. Prespecified secondary end points included
combined risk of death or hospitalization. Subgroup analyses
included age, sex, and EF. A total of 2,289 patients were random-
ized to placebo or carvedilol. Mean dose at 4 months was 41 mg
(placebo) and 37 mg (carvedilol). 

Results: There was a 35% decrease in risk of death with the beta
blocker (P = .0014), with a cumulative 1-year mortality of 18.5%
placebo and 11.4% carvedilol. There was a 24% reduction in the
combined end point of death or hospitalization. Benefits were seen
in all subgroups. A high-risk cohort was identified by recent cardiac
decompensation or an EF < 20%. Carvedilol reduced mortality by
39% and the combined end point by 29%, P = .009 and P = .003,
respectively. Drug withdrawal rates were greater with placebo
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(18.5%) than with carvedilol at 1 year (14.8%). 
Packer and associates conclude that in addition to the

favorable data with carvedilol in less severe heart failure,
the drug was beneficial in individuals with more
advanced CHF. The 1-year mortality rate in placebo
patients in COPERNICUS was higher than reported in
other beta-blocker trials but similar to class IV subjects.
EF was lower than in other studies; and also important,
there was a significant decrease in death and hospitaliza-
tion in the very high-risk group. Packer et al conclude
that carvedilol was effective and well tolerated overall,
even in those at the highest risk. They suggest that not all
adrenergic-blocking drugs are similar, and they stress
that the BEST trial (see below) was neutral to negative.
Whether carvedilol’s additional properties, such as
alpha-adrenergic antagonism or antioxidant activity, play
a useful role is speculative. 

In contrast to the results of COPERNICUS, the BEST
report with bucindolol was disappointing. (N Engl J
Med. 2001;344:1659-1667.) Patients in this trial had
class III-IV heart failure and an EF of < 35%.  Bucin-
dolol, a nonselective adrenergic beta-blocker with mild
vasodilating activity, or placebo, were administered. An
initial oral dose of 3 mg b.i.d. was given for 1 week,
increasing to 50-100 mg b.i.d. The planned average fol-
low-up was 3 years. Radionuclear ventriculo grams were
obtained at 3 and 12 months. The primary end point was

all-cause mortality, with a variety of secondary end
points. There were multiple interim analyses in this trial
with a change in the monitoring boundaries. Thus, “it is
difficult to calculate an adjusted P value.” Randomiza-
tion took place between May 1995 and December 1998,
with a total of 2708 patients enrolled in the United States
and Canada. 

In July 1999, the study was terminated by the sponsors
(NHLBI and Department of Veterans Affairs) because of a
lack of significant event-curve separation between placebo
and beta-blocker. The mean duration of follow-up in BEST
was 2.0 years. The average dose of placebo or bucindolol
was 76-79 mg b.i.d. Approximately 25% of subjects had
discontinued from study medication at the time of trial ter-
mination. There was a 10% decrease in mortality with
bucindolol, (P = .10; the annual mortality rate was 17%
placebo and 15% bucindolol). Cardiovascular death was
significantly lower with bucindolol (P = .04); there was a
significant reduction in hospitalization for heart failure of
22% (P < .001). The combined end point of death or heart
transplantation was slightly diminished by bucindolol
(hazard ratio [HR] 0.87; P = .04). EF improved by 7.3
units at 12 months with the beta-blocker vs. 3.3% with
placebo. An interesting subgroup analysis indicated that
there was a “nominally significant interaction . . . for race
(black vs  nonblack; P = .02),” related to apparent lack of
benefit in blacks, HR for mortality 1.17; P = .27, vs. a “sig-
nificant survival benefit in nonblack patients, risk reduc-
tion 18%; P = 0.01.” Less severe CHF patients had a trend
toward improved survival with bucindolol as did those
with an EF greater than 20%. Only 8% of BEST individu-
als were in class IV heart failure at baseline; mean EF was
23%. Thus, bucindolol was beneficial in nonblack patients,
similar to other beta-blocker CHF trials. 

The annual placebo mortality was 16% in BEST—
higher than MERIT and CIBIS II but slightly lower than
COPERNICUS. Whether there is a true difference in
response in black vs. nonblack patients remains unclear,
but is suggested by the BEST data. Bucindolol is a nons-
elective beta-blocker, well tolerated in heart failure, per-
haps in part because of alpha blocking and vasodilator
properties. The BEST investigators concluded that the
BEST findings “raise questions about the efficacy . . . in
blacks and in patients with more advanced heart failure,
as well as about the equivalency of beta blockers.” They
call for further studies to examine the possible difference
in responsiveness between black and white patients, as
well as efficacy in class IV heart failure. 

■■ COMMENT BY JONATHAN ABRAMS, MD
COPERNICUS advances the construct of beta-

blocker therapy for all patients with CHF and depressed
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LV function by establishing a major benefit in very ill
individuals who are relatively stable and not volume
overloaded or hypotensive. In nonblack patients in
BEST, there was a benefit in survival and hospitaliza-
tion that has been noted in all of the major beta-blocker
trials; the BEST patients were almost as sick as in
COPERNICUS, with similar placebo mortality rates but
with different outcomes. For unclear reasons, bucin-
dolol was ineffective in the black population, which rep-
resented 23% of the BEST study cohort, far higher than
the other beta-blocker trials. Interrogation of the data-
bases of all of the major CHF trials may help answer the
question as to whether there is a differential racial
response. The hypothesis that there are ethnic differ-
ences in response to beta-blockers is an important issue
to be assessed in future trials.

Carvedilol is an outstanding drug for heart failure,
demonstrating surprising safety and robust efficacy when
administered according to the protocol in COPERNICUS
and the previous carvedilol trials. Thus, slow uptitration
and avoidance of patients with major fluid shifts or large
diuretic requirements, hypotension, and significant fluid
retention is important. The CAPRICORN trial, using
carvedilol in postinfarction patients with depressed left
ventricular function, extends the use of this drug to indi-
viduals with compromised systolic function who have
minimal or no symptoms. Reverse remodeling, ie, an
increase in EF or a decrease in left ventricular size, has
been demonstrated with metoprolol, bucindolol, and
carvedilol. A recent publication suggests carvedilol is
more effective than metoprolol in raising EF.1 One does
not know until the results of the large COMET trial
(metoprolol vs carvedilol) whether carvedilol is a unique
molecule and more effective than metoprolol or bucin-
dolol. At the present time, one can conclude: 1) beta-
adrenergic blockers should be used in all patients with
CHF, irrespective of symptoms, who are clinically stable
and have a depressed EF < 30%; 2) carvedilol, metopro-
lol, or bucindolol are the preferred agents. Bisoprolol
appears to be appropriate for nonblack patients but
should be proscribed in black patients; 3) clinicians must
pay meticulous attention to dose titration and the clinical
status of the patients; and 4) general internists and cardi-
ologists should initiate this therapy. The belief in the
community that only heart failure specialists are capable
of starting patients on beta-blockers is outmoded (a view
that harkens back to the early days of ACE inhibitor use
when it was also thought that only “specialists” could
only be trusted to use these drugs). Beta-blockers as well
as ACE inhibitors are now essential drugs for the large
majority of patients with CHF and significantly
depressed left ventricular function, and they are signifi-

cantly underused.2 The choice of agent and differential
responses to these agents remain unresolved issues and of
great importance.   ❖

References
1. Packer M, et al. Am Heart J. 2001;141:899-907.
2. Adams K. Am Heart J. 2001;141:884-889.

Race and the 
Response to Carvedilol
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: The response to carvedilol added to conven-
tional therapy in patients with symptomatic heart fail-
ure due to systolic dysfunction is of similar magnitude
in blacks and nonblacks.

Source: Yancy CW, et al. N Engl J Med. 2001;344:
1358-1365.

The best study showed a poor response to the
beta-blocker bucindolol in black individuals (See pre-

vious abstract & commentary). Also, the SOLVD studies
showed lack of efficacy of the angiotensin-converting
enzyme inhibitor enalapril in blacks with reduced left ven-
tricular (LV) function, with or without overt heart failure.1

Thus, the report of Yancy and colleagues for the US
Carvedilol Heart Failure Study Group is of interest. Of the
1094 patients with symptomatic heart failure and LV ejec-
tion fraction (EF) < 35% despite maximal therapy with
conventional therapy, 217 (20%) were black. The end
points of LVEF, clinical status, and major cardiac events
were retrospectively compared in this randomized, place-
bo-controlled trial between the blacks and nonblacks. The
combined end point of death or hospitalization for any rea-
son was reduced 48% in blacks and 30% in nonblacks (P =
NS) by carvedilol vs. placebo. Clinical progression of heart
failure was also significantly reduced by carvedilol in both
groups (relative risk [RR] in blacks 0.46 and 0.49 in non-
blacks). LVEF increased in both groups on carvedilol
(10% in blacks, 8% in nonblacks; P < 0.001 for both). Dur-
ing the 2-week open-label carvedilol therapy period, the
number of blacks who discontinued therapy was similar to
nonblacks (5% vs 7%, respectively) as was withdrawal for
adverse events throughout the study. Yancy et al concluded
that the response to carvedilol added to conventional thera-
py in patients with symptomatic heart failure due to sys-
tolic dysfunction is of similar magnitude in blacks and
nonblacks.
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■■ COMMENT BY MICHAEL H. CRAWFORD, MD
The results of this analysis of the Carvedilol Study

Group pooled data is encouraging for the treatment of
heart failure in blacks, since they are known to have a
higher incidence of heart failure compared to nonblacks,
and have more rapid progression of heart failure once
diagnosed. The reason heart failure is more common in
blacks may be due to their higher incidence of hyperten-
sion and diabetes, or environmental factors such as
restricted access to health care. Thus, heart failure in
blacks is a major public health problem.

The major criticism of this study is that it was not a
prospective, randomized trial of response in different racial
groups. In fact, the nonblack group included those of Euro-
pean, Asian, and Native American descent. So the results
could be just due to vagaries of patient selection. However,
the blacks in this study had similar characteristics to the
blacks in other heart failure trials, namely a higher inci-
dence of hypertension and less ischemic heart disease. 

Why blacks did better on carvedilol than the results
reported for bucindolol may be due to the alpha-blocking
properties of carvedilol. Interestingly, labetolol, a com-
bined alpha-beta-blocker, has been shown to be superior
to propranolol in blacks with hypertension.2 Also, alpha
blockade may improve insulin sensitivity and serum
lipids in patients on a beta-blocker, which may be espe-
cially important in blacks with vascular disease. Whatev-
er the mechanism, until further data are forthcoming,
blacks with heart failure who are treated with beta-block-
ers should probably receive carvedilol.   ❖

References
1. Exner DV, et al. N Engl J Med. 2001;344:1351-1357.
2. Flammenbaum W, et al. J Clin Hypertens. 1985;1:

56-69.

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

Synopsis: Subsequent pregnancy in women who had
peripartum cardiomyopathy results in further 
decreases in ejection fraction, and increased morbidity
and mortality.

Source: Elkayam U, et al. N Engl J Med. 2001;344:
1567-1571.

Although considered rare, consulting cardi-
ologists at medium sized institutions see a case of

peripartum cardiomyopathy about once every 1-2 years.

Most of these unfortunate individuals recover, as the
prognosis for this form of cardiomyopathy is one of the
best.1 Thus, the issue of the risk of subsequent pregnan-
cies in these patients is an issue. Accordingly, Elkayam
and colleagues surveyed 44 women and their physicians
who had peripartum cardiomyopathy and a total of 60
subsequent pregnancies. The diagnostic criteria for peri-
partum cardiomyopathy was heart failure occurring dur-
ing the last 6 months of pregnancy or the first 6 months
after pregnancy termination, without another identifiable
cause, and ejection fraction (EF) < 40%. The diagnosis
of cardiomyopathy was made most frequently in the first
month after delivery (28 women). Interestingly, 10
women had preeclampsia. Most of the women had 1
subsequent pregnancy, but 11 had up to 3 additional
pregnancies. At diagnosis, the EF for the entire cohort
was 32%, which increased to 49% before the first subse-
quent pregnancy (P < .001) and was 42% during the first
subsequent pregnancy (P < .001). After the first pregnan-
cy, 28 women had an increase in EF to > 50% (group 1)
and 16 did not (group 2). During the subsequent preg-
nancy, both groups experienced a decrease in EF and an
increase afterward to a level lower than the first postpar-
tum follow-up. Heart failure symptoms during the first
subsequent pregnancy occurred in 21% of group 1 and
44% of group 2. Mortality was zero in group 1 and 19%
in group 2. Also, the risk of premature delivery or thera-
peutic abortion was higher in group 2. Elkayam et al
concluded that subsequent pregnancy in women who
had peripartum cardiomyopathy results in further
decreases in EF and increased morbidity and mortality.

■■ COMMENT BY MICHAEL H. CRAWFORD, MD
Despite the fact that this is a retrospective survey

study, it is the largest reported experience with peripar-
tum cardiomyopathy, and the results are largely consis-
tent with previous smaller studies. Perhaps the biggest
surprise is that the outcomes in these women were not as
bad as one might expect based upon older studies. The
mortality over a 7-year follow-up was 7%, and all the
deaths were in the group with persistent left ventricular
systolic dysfunction. Perhaps this better outcome is due
to improved recognition and treatment of heart failure
today or it could be due to the relatively high rate (20%)
of therapeutic abortions of the subsequent pregnancies.
The women who did not have abortions had a worse
prognosis than those who did, especially in group 2. 

The most important clinical message from this study
is that overt heart failure and further reductions in EF
with subsequent pregnancies occurred in both groups.
Thus, a return of EF to normal after the first pregnancy
complicated by peripartum cardiomyopathy did not
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eliminate the possibility of future bad outcomes.
Although death was only observed in the persistent low
EF group, 21% of the normalized EF group had sympto-
matic heart failure with a subsequent pregnancy, and
21% had a > 20% decrease in ejection fraction. Why a
subsequent pregnancy is associated with a return of left
ventricular dysfunction in women whose function had
returned to normal is unknown. Perhaps they have sub-
clinical ventricular dysfunction that the increased pre-
load and demands for cardiac output of pregnancy
unmask. If this is the case, then the admonition that they
avoid further pregnancies makes physiologic sense. 

Finally, it should be mentioned that fetal health
appeared to be compromised by subsequent pregnancies
as well, especially in group 2 where there was a high
rate of premature deliveries (50%). However, there was
no perinatal mortality in either group. Elkayam et al
correctly point out that women need to be cautioned
about these risks if they are considering subsequent
pregnancies following the diagnosis of peripartum car-
diomyopathy.   ❖

Reference 
1. Felker GM, et al. N Engl J Med. 2000;342:1077-1084.

TEE Guided Cardioversion of
Atrial Fibrillation
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: The use of TEE to guide anticoagulant thera-
py for atrial fibrillation is feasible and safe and offers
results comparable to that of a conventional oral antico-
agulation strategy.

Source: Klein AL, et al. N Engl J Med. 2001;344:
1411-1420.

The assessment of cardioversion using trans-
esophageal Echocardiography (ACUTE) study was

designed to compare a conventional precardioversion
anticoagulation strategy with one that used trans-
esophageal echocardiography (TEE) and short-term
anticoagulation therapy prior to cardioversion. Patients
with atrial fibrillation of greater than 48 hours duration
were eligible for the study if they were at least 18 years
of age and were hemodynamically stable. Patients were
randomly assigned to 1 of 2 groups. In the conventional
treatment group, anticoagulation was begun with war-
farin with a target INR of 2-3. Electrical cardioversion

with or without preceding antiarrhythmic therapy was
performed in these patients after 3 weeks of anticoagula-
tion and then warfarin was continued for 4 weeks post
cardioversion. In the TEE group, therapeutic anticoagu-
lation was established, with unfractionated heparin for
hospitalized patients or with warfarin for outpatients. A
TEE was then performed. If no thrombus was detected,
the patients were cardioverted and continued on warfarin
for 4 weeks postcardioversion. If a thrombus was detect-
ed, there was no direct current cardioversion. These
patients were treated with warfarin for 3 weeks and
underwent repeat transesophageal echo. If the thrombus
was no longer seen, they underwent DC cardioversion at
that time. 

The primary outcome of the study was a composite
end point of cerebrovascular accident, transient ischemic
attack, and peripheral embolism. Secondary outcomes
were major and minor hemorrhagic events, death from
any cause, restoration, and maintenance at 8 weeks of
sinus rhythm and functional status using the Duke Activ-
ity Status Index. The costs of the 2 treatment strategies
were also analyzed. During the course of the study, an
interim analysis by an independent data safety monitor-
ing board indicated that the rates of the primary events
were too low to achieve sufficient statistical power to
detect differences between the groups. Enrollment was
therefore terminated after a total of 1222 out of a
planned 3000 patients had been enrolled. This paper pre-
sents data on these patients. The 2 groups were well
matched. The mean age was approximately 64 years,
and two-thirds of the patients were male. A little more
than 50% of the patients had a history of hypertension
and more than 25% of the patients had a history of con-
gestive heart failure. The median estimated duration of
atrial fibrillation was 13 days.

There were 603 patients in the conventional treatment
group. Three hundred thirty-three of these patients
underwent direct current cardioversion more than 3
weeks after randomization. Restoration of sinus rhythm
was observed in 266 patients (79.9%). Two hundred sev-
enty patients in the conventional treatment group did not
undergo direct current cardioversion. One hundred twen-
ty five of these (20.7%) had converted spontaneously,
and 2 underwent chemical cardioversion during the 3
weeks of warfarin. Twenty-six patients declined the car-
dioversion attempt. Anticoagulation was not therapeutic
in 46 patients. Bleeding complications were observed in
8 patients. Thirty-four patients either had difficulties
during the cardioversion or were lost to follow-up.
Among the 619 patients randomized to TEE guided ther-
apy, 70 patients did not undergo TEE. These patients
either spontaneously converted (33 patients), declined (4
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patients), had other medical complications (3 patients),
could not have a TEE probe passed successfully (7
patients), had medical complications precluding TEE (3
patients), or were lost to follow-up (23 patients) before
the TEE was performed. Among the remaining 549
patients, 425 patients underwent a direct current car-
dioversion attempt within 24 hours after the TEE. Car-
dioversion was successful in 344 (80.9%) of these
patients. In the 124 patients who completed the TEE but
did not go on cardioversion, thrombi were detected in
76, 29 spontaneously converted, 8 had pharmacologic
conversion, 7 were lost to follow-up, 3 declined, and 1
underwent another surgical procedure. Eventually, 20 of
these 124 patients were successfully cardioverted. Car-
dioversion was accomplished within 3 ± 5 days after
enrollment using the TEE guided approach vs. 30.6 ±
10.6 days with the conventional approach. 

In the study, the total number of embolic events was
low, and there was obviously no statistically significant
differences between the groups. There were 5 (0.8%)
embolic events in the TEE group vs. 3 (0.5%) events in
the conventional treatment group. 

A total of 76 patients had right or left heart thrombi
detected during TEE. A left atrial thrombus was detect-
ed in 67 of the 76 patients (88.2%). None of the
patients with a thrombus had an embolic event during
the 8-week study. Four of these patients died from vari-
ous causes, and 2 had hemorrhagic complications of
anticoagulation. 

Hemorrhagic events were more common in the con-
ventional treatment group. There were 5 major and 14
minor hemorrhagic events among 18 patients in the
TEE group and 9 major and 24 minor hemorrhagic
complications among 33 patients in the conventional
strategy group (P = .03). There were 15 deaths in the
TEE group vs. 6 deaths in the conventional strategy
group (P = .06). Only 1 death was from an embolic
event. Most of the patients who died had significant
coexisting conditions. 

Although a slightly higher proportion of patients in
the TEE arm had restoration of sinus rhythm at some
point during the study (71.1% vs 65.2%; P = .03). At 8
weeks, there was no significant difference between the
2 groups in the proportion of patients in whom sinus
rhythm had been maintained (52.7% vs 50.4%; P =
.43). There was no significant difference between the
treatment groups in functional status either at baseline
or at 8 weeks. 

Klein and colleagues concluded that the use of TEE to
guide anticoagulant therapy for atrial fibrillation is feasi-
ble and safe and offers results comparable to that of a
conventional oral anticoagulation strategy.

■■ COMMENT BY JOHN P. DiMARCO, MD, PhD

The ACUTE study provides careful data about the
embolic risks and benefits of anticoagulation around the
time of cardioversion in patients with atrial fibrillation. It
has been recognized for more than 40 years that embolic
events were the most frequent serious complications of
electrical cardioversion in patients with atrial fibrillation.
Although guidelines have been published concerning
anticoagulation in this setting, these guidelines were
based largely on expert consensus opinion and retro-
spective, uncontrolled studies. They had not been evalu-
ated in any systematic fashion and their efficacy was
uncertain. The ACUTE study investigators hoped that
use of transesophageal echo would yield a lower rate of
embolic events associated with cardioversion of atrial
fibrillation. However, the study failed to show an advan-
tage for the transesophageal echo group in large part due
to the extremely low event rate seen in the conventional
treatment group. An additional hope that led to the
ACUTE study design was that earlier cardioversion
would enhance the ability to restore and maintain sinus
rhythm. This hope was based on the principle of “electri-
cal remodeling,” which means that atrial fibrillation
itself produces duration-dependent changes in atrial
electrophysiology that predisposes to more resistant atri-
al fibrillation. However, this hypothesis was not proven
in the trial. At 8 weeks, there was no significant differ-
ence in the proportion of patients who were in sinus
rhythm. 

The conclusions that we should take from ACUTE are
that either the conventional approach using 3 weeks of
preconversion anticoagulation and a TEE guided
approach can be selected based on patient circum-
stances. Patients who are highly symptomatic in atrial
fibrillation, despite appropriate therapy to control rate
should be referred for a TEE guided approach to lessen
the duration of symptoms. The TEE guided approach
would also apply to patients who have a high risk for
bleeding with anticoagulation in whom any possible
shortening of the anticoagulation period might be bene-
ficial. Patients who have only minor symptoms while in
atrial fibrillation however, can still be managed effective-
ly by the conventional approach of outpatient anticoagu-
lation and cardioversion.

Hopefully, within the next few years, more effective
agents for preventing embolic events during atrial fib-
rillation will be developed and brought to market.
These hopefully will be safer than the current strate-
gies, which involve warfarin yet remain highly effec-
tive. For now, the choice of either a TEE or a conven-
tional strategy can be based on individual patient con-
siderations.   ❖
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Accuracy of the 
Automatic External 
Defibrillator in Children
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: One commercially available AED analysis
algorithm exhibited excellent sensitivity and specificity
in the pediatric age group for ventricular fibrillation
and nonshockable rhythms.

Source: Cecchin F, et al. Circulation. 2001;103:
2483-2488.

Cecchin and colleagues studied the accuracy of
an arrhythmia detection algorithm used in a com-

mercially available automatic external defibrillator
(AED) in pediatric arrhythmias. At the present time,
AED use is not recommended for children younger than
8 years of age because of a paucity of data about AED
function in this population. Cecchin et al prospectively
collected arrhythmias from 4 centers in patients who
were thought to be at high risk because they were under-
going electrophysiologic study, were ill in the intensive
care unit, or were undergoing cardiac surgery. For these
children, a commercially available AED was modified to
function as a 30-minute loop recorder with a wide band
ECG recording system. Defibrillation capability was dis-
abled and only the detection algorithm was tested.
Appropriately sized and positioned defibrillation pads
were used to record the rhythms. In addition, 82 rhythm
strips obtained from 57 children were acquired from
other centers. These tracings were converted into a digi-
tal format and also tested using the AED algorithm.
Rhythms were classified into 3 groups: 1) shockable
rhythms (ventricular fibrillation, polymorphic ventricu-
lar tachycardia [VT], or VT with a rate more than 250
bpm); 2) intermediate rhythms (slower VT); and 3) non-
shockable rhythms including supraventricular arrhyth-
mias, ventricular ectopic beats, idioventricular rhythms,
and asystole. 

The recordings were classified by a panel of 3 pedi-
atric electrophysiologists who assumed that the patient is
unresponsive, is of unknown age, who may or may not
have a pulse, and who the AED cannot deliver a syn-
chronized shock. 

The AED algorithm used characterizes the electrocar-
diogram in terms of 4 characteristics: rate, morphologic
stability, rapidly conducted electric signals, and signal
amplitude. 

The study included prospectively or retrospectively

collected data from 191 children who provided a total
of 669 rhythm strips for analysis. There were 74
patients younger than 1 year of age and 62 patients
between 1 and 8 years of age. The remaining 55
patients ranged in age from 8 to 12. Heart disease was
present in 73% of the children. The rhythm strips ana-
lyzed were classified as nonshockable in 463 cases,
shockable in 131 cases, and intermediate in 102 cases.
The AED algorithm demonstrated a sensitivity of 96%
for ventricular fibrillation and 71% for rapid ventricu-
lar tachycardia. The algorithm had a specificity of
100% for sinus rhythm, supraventricular arrhythmias,
ventricular premature beats, idioventricular rhythms,
and asystole. These values met or exceeded American
Heart Association goals for AED performance for all
rhythms except for rapid VT. 

Cecchin et al concluded that 1 commercially available
AED analysis algorithm exhibited excellent sensitivity
and specificity in the pediatric age group for ventricular
fibrillation and nonshockable rhythms. They suggest the
use of 1 algorithm for both adults and children is feasible
and should be effective.

■■ COMMENT BY JOHN P. DiMARCO, MD, PhD
The principles and techniques of resuscitation require

some modifications when applied to infants and chil-
dren. In adults, cardiac arrest is often sudden, and a ven-
tricular tachyarrhythmia in the setting of acute or chron-
ic ischemic heart disease is the most frequent etiology.
Even among hospitalized or critically ill adult patients,
cardiac arrest is frequently caused by an episode of
unanticipated VT or ventricular fibrillation. Cardiac
arrest in children is an uncommon event. In the out-of-
hospital setting, it is most often the result of submer-
sion/near drowning, trauma, poisoning, choking, or res-
piratory failure. In the hospital, it is often the terminal
event of progressive shock, respiratory failure, sepsis, or
metabolic disorders. Ventricular fibrillation and ventricu-
lar tachycardia are the rhythms at the time of arrest in
only between 10% and 25% of patients. Because of
these differences between children and adults in cardiac
arrest epidemiology, only limited data about pediatric
resuscitation are available.

The introduction of AED technology has greatly sim-
plified training in and delivery of advanced cardiac life
support for adults. However, the lack of data about AED
use in pediatric populations means that different equip-
ment is theoretically now required to provide ACLS for
both groups. 

The data in this paper suggest that currently available
diagnostic algorithms in at least 1 commercially avail-
able AED are accurate enough to cover all age groups.
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Arrhythmia detection is, however, not the only function
of an AED. In children, shock energy is often based on
weight and the standard adult setting would not be
appropriate. If the AED used in a child has an operator-
selectable energy setting, it should function adequately
during the resuscitation of an infant or child. This is
available in the AED units commonly found in hospitals
or used by emergency medical systems. Perhaps a cau-
tion about energy selection in children could be added to
the instruction screens of AED models used in these set-
tings. The AED models that are designed for use by min-
imally trained personnel usually deliver only shock ener-
gies that are appropriate for adults, and modifying them
for optimal use in infants and young children would
increase their complexity.   ❖

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: Robert Kimball, 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 robert.kimball@ahcpub.com.   ❖

CME Questions
1. Beta blockers are now recommended for which NYHA class

heart failure?
a. II
b. III
c. IV
d. All of the above

2. The bucindolol vs. placebo for heart failure treatment showed:
a. no difference in all-cause mortality.
b. increased cardiovascular death.
c. reduced ejection fraction.
d. equal efficacy in black patients.

3. Studies of carvedilol in heart failure have shown that black
patients have:
a. more hypertension.
b. less ischemic heart disease.
c. more drug discontinuance.
d. a and b

4. Which of the following is true for subsequent pregnancies in
women diagnosed with peripartum cardiomyopathy?
a. Ejection fraction will decrease.
b. One-third will develop heart failure symptoms.
c. Early abortions reduces morbidity and mortality.
d. All of the above
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