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Fibrinolysis vs Transport-
Angioplasty in Acute STEMI:

The Answer is In
A B S T R A C T  &  C O M M E N T A R Y

The danami-2 investigators, representing 29 hospitals
and a patient base reflecting 62% of the Danish population,

have reported on a trial assessing whether randomization to either
fibrinolytic therapy or transport to an interventional facility results
in differing major cardiovascular rates following acute ST elevation
myocardial infarction (STEMI). Five invasive-treatment hospitals
received transfers from 24 referral hospitals without angioplasty
programs, as well as direct admissions, between December 1997
and October 2001, when the study was stopped prematurely. Ran-
domization to either fibrinolytic therapy or transfer to an invasive-
treatment hospital for direct angioplasty was carried out in the
emergency room. Subjects presenting directly to an angioplasty
facility were randomized to lytic therapy or angioplasty. Fibrinolyt-
ic subjects received conventional alteplase, beta-blocker, and
aspirin, as well as unfractionated heparin (UH) for 48 hours. Angio-
plasty patients received aspirin, a beta-blocker, and UH; a IIb/IIIa
antagonist could be used at the discretion of the treating physician.
Stenting was attempted in all patients with an infarct artery diame-
ter > 2.0 mm. Ticlopidine or clopidogrel was given daily for 1
month. Individuals with failed reperfusion with lytic therapy under-
went repeat fibrinolysis; reinfarction or recurrent ischemia in the
angioplasty cohort was treated by repeat angioplasty. 

The primary end point was a composite of all-cause death, clinical
reinfarction, or disabling stroke at 30 days. Eligible patients had at
least 30 minutes of chest pain for up to 12 hours and ST segment ele-
vation. There were many exclusions, including LBBB or an MI within
30 days. Patients in cardiogenic shock or severe heart failure were
excluded. The study analysis compared the fibrinolytic strategy to
direct angioplasty, as well as an analysis of the outcomes in those who
presented initially to a referral hospital vs those randomized at an
invasive-treatment center. Approximately 4300 patients with STEMI
were screened; the study was stopped prematurely at the third interim
analysis by protocol because “angioplasty was superior to fibrinolysis
in the referral hospital substudy.” A total of 1029 patients were ran-
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domized at the outside referral hospitals and 443 at the
invasive-treatment centers. Characteristics of both cohorts
were similar. Randomization occurred rapidly; 27% with-
in an hour of chest pain onset, 31% between 1 and 2
hours, 24% between 2 and 4 hours, 9% between 4 and 6
hours, and 9% after 6 hours. The median time from symp-
tom onset to randomization was 135 minutes. The median
distance for transported individuals was 50 km (range, 3-
150 km); fully one-third came from hospitals within 25
km of the invasive facility and another third between 26
and 50 km. Median transfer time from randomization was
67 minutes; 43% were seen at the invasive hospital at
under 1 hour and another 53% had a transfer time of 1-2
hours postrandomization. No deaths occurred during
transfer, although atrial and ventricular fibrillation and
complete AV block occurred in a total of 35 patients. 

Sixty-eight percent of the entire cohort undergoing
angiography had initial TIMI 0-1 coronary artery flow.
The postangioplasty results were as expected, with TIMI
0-1 flow in 2%, TIMI 2 flow in 16%, and TIMI 3 flow in
82%. Stents were used in 93% of the angioplasty
patients; 310 of the 790 assigned to angioplasty received
a IIb/IIIa inhibitor. The LAD was the culprit vessel in
46%, RCA in 35%, and LCX in 12%. 

Angioplasty was superior regarding the composite out-
come compared to fibrinolysis, with a relative reduction
of 40% in individuals referred from referral hospitals and

45% in those treated initially at the invasive-treatment
center. Most of the benefit was related to a 75% reduction
in the relative risk of clinical reinfarction; death and stroke
reduction did not achieve statistical significance, although
the mortality was slightly lower in the angioplasty group
(6.6 vs 7.8%). Overall reinfarction rate was 6.3% in the
fibrinolytic cohort and 1.6% in the angioplasty cohort; the
composite end point was 13.7% with fibrinolysis vs 8.0%
with angioplasty (P < .001). Of note, the relative benefit of
angioplasty vis-à-vis fibrinolysis was comparable no mat-
ter the duration of time from symptom to onset of treat-
ment, even in the 377 patients whose symptoms had
begun > 4 hours before the time of treatment. Only 62
patients had a clinical reinfarction, but mortality was high,
24.2% vs 6.5% in the rest of the patients (P = .0001).
Baseline and discharge medications did not vary among
the groups. Anderson and associates concluded that “pri-
mary angioplasty is superior to fibrinolysis . . . even when
patients are admitted to a local hospital without angioplas-
ty capabilities and must be transported to an invasive-
treatment center.” The DANAMI-2 investigators “trained”
3 institutions that were not initially performing direct
angioplasty. They concluded that a transport-angioplasty
approach to acute STEMI should and could become avail-
able in many more institutions. They stress that their pro-
tocol was highly tuned to maximize transfer and minimize
all delays. The median time from admission to start of
transportation in the referral centers was 50 minutes, bet-
ter than in previous reports, such as AIR-PAMI. Further-
more, they point out that the transfer time represented
only 14% of the total time from symptom onset to initia-
tion of treatment, although 70% of the patients were trans-
ported more than 25 km. They recommend that in the
future, emphasis should be placed on the logistics of trans-
porting patients as well as adjunctive medications; they
suggest initial ECG evaluation in the ambulance, with
direct transfer to an invasive center even if immediate sur-
gical backup is not available (Anderson HR, et al. N Engl
J Med. 2003;349:733-742).

■■ COMMENT BY JONATHAN ABRAMS, MD
It would appear that the door is finally closed on the

issue as to whether individuals should receive fibrinolysis
when they can be transferred within a reasonable amount
of time to an invasive facility. Clearly, such patients bene-
fited even if they were transferred between 3 and 4 hours
after symptom onset, and there was even a cohort in whom
the invasive therapy took place > 6 hours from onset of
symptoms. Thus, physicians at outlying hospitals should
not be advised to use fibrinolytic therapy when prompt
transfer can be made, with a target goal of 1-2 hours until
arrival in the invasive institution. It is likely that direct
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angioplasty does a better job than lytic therapy in “cleaning
up” the disturbed vascular wall, possibly leading to less
platelet aggregation and activation, with a subsequent
decrease in reinfarction. The reinfarction rates in the angio-
plasty group are strikingly low. Long-term follow-up will
hopefully become available; it will be of interest to see
whether the end point difference at 30 days widens or nar-
rows at 12 months. Cardiologists and hospitals that have
been contemplating developing an immediate transfer pol-
icy for STEMI patients should move promptly to fulfill the
various criteria required, and especially the availability of
experienced invasive cardiologists. The majority of Ameri-
can hospitals do not have catheterization laboratories, but
most individuals live relatively close to an invasive center.
A final note: In spite of widely disseminated guidelines for
post-MI therapy, it would appear that the Danes are not
much different than Americans with respect to the appro-
priate use of preventive medications at discharge; 96%
received aspirin and 87% beta-blockers, but only 50%
were given lipid-modifying agents and only 36% received
ACE inhibitors. The underuse of statins, as well as ACE
inhibitors, is comparable to that in the United States, and
clearly there is room for improvement, as has been noted
by many individuals. Finally, the DANAMI-2 investigators
are to be complimented on this outstanding trial that
required great organizational skills and included a very
large number of patients.   ■

LIFE: Cardiovascular Events
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: In hypertensive patients without clinically
evident vascular disease, losartan was more effective
than atenolol in preventing future vascular events inde-
pendent of blood pressure control.

Source: Dahlof B, et al. Lancet. 2002;359:995-1003.

The losartan intervention for end point reduc-
tion (LIFE) in hypertension study has shown that this

angiotensin receptor antagonist reduced cardiovascular
morbidity and mortality vs therapy with the beta-blocker
atenolol. Two substudy reports are now available that shed
further light on this interesting investigator-initiated trial.
The first is a subgroup analysis of 6886 hypertensive
patients with left ventricular hypertrophy by ECG, but
without clinical evidence of coronary, cerebral, or periph-
eral vascular disease. After 1-2 weeks of placebo, if blood
pressure was 160-200/95-115 mm Hg, they were random-
ized to once-daily, double-blind administration of losartan

or atenolol titrated to lower blood pressure to < 140/90
mm Hg. The primary end point was a composite of car-
diovascular death, stroke, or myocardial infarction (MI)
over 4 or more years of follow-up. The patients were
mainly white (93%), and few were smokers (15%), dia-
betics (11%), or had isolated systolic hypertension (13%).
Hydrochlorothiazide could be added if necessary to reach
target blood pressures and was done so in about half of the
patients. Other drugs could be added if the combination
with hydrochlorothiazide was not sufficient, and almost
40% were also on calcium channel blockers. Losartan and
atenolol doses ranged from 50-100 mg (mean, 80 mg for
both). Adherence to study drug over the follow-up time
was 86% for losartan and 82% for atenolol. Both groups
experienced similar reductions in blood pressure. The pri-
mary end point occurred in 17.5/1000 patient-years with
losartan vs 21.8 for atenolol (relative risk [RR], 0.81; 95%
CI, 0.69-0.95; P = .008). When the individual components
of the combined end point were examined, only stroke
was significantly reduced on losartan vs atenolol (RR,
0.66; CI, 0.53-0.82; P < .001). Cardiovascular death and
myocardial infarction were not. Also of interest, new-
onset diabetes occurred less often in the losartan patients
(RR, 0.69; CI, 0.57-0.84; P < .001). Dahlof and associates
concluded that in hypertensive patients without clinically
evident vascular disease, losartan was more effective than
atenolol in preventing future vascular events independent
of blood pressure control.

■■ COMMENT BY MICHAEL H. CRAWFORD, MD
This study extends the observations of the Heart Out-

comes Prevention Evaluation (HOPE) trial, which
showed, in a high risk for vascular disease population,
that the ACE inhibitor ramapril reduced a composite car-
diovascular end point vs placebo, independent of the
effects on blood pressure. This study is impressive
because the control group was atenolol therapy. Beta-
blockers have been shown to reduce cardiovascular end
points in hypertension, post-MI, and other vascular dis-
ease patients. For example, in the Swedish Trial in Old
Patients (STOP) with hypertension, beta-blockers
including atenolol reduced the primary composite car-
diovascular end point by 40% vs placebo plus diuretics.
In this study, fatal and nonfatal strokes were reduced
34% by losartan as compared to atenolol therapy. The
incidence of MI was not different between the 2 thera-
pies, so beta-blockers were not superior to losartan. The
results suggest that the vasotoxic effects of the renin-
angiotensin system are more important than the adrener-
gic system in hypertensive patients without clinically
evident vascular disease. Also, there was a lower inci-
dence of new-onset diabetes with losartan vs atenolol.
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Overall, it would appear that a drug that blocks the
renin-angiotensin system should be part of the antihy-
pertensive regimen of such high-risk patients as those
with left ventricular hypertrophy. 

There were some limitations to this study that temper
the conclusions. This was a subgroup analysis, although
a big one since 75% of the patients in LIFE qualified for
this analysis. Nevertheless, subgroup analyses often lack
the power to detect small differences or large ones with
events that occur less frequently such as death. Almost
all the patents were white, so the results may not apply to
other groups. Also, this was a high-risk subgroup since
all the patients had ECG evidence of left ventricular
hypertrophy, a known poor prognostic factor. Although
the study was designed to be double blind, it is impossi-
ble to make a study involving beta-blockers double
blind. The physicians know who is on beta-blocker by
observing heart rate changes and so do the patients if
they read the consent form and take their own pulse.
What effect this had on the study results is uncertain, but
the potential for bias exists. Finally, there is the issue of
whether this is an effect unique to losartan, a class effect
of all angiotensin receptor blockers (ARBs), or even
includes ACE inhibitors. Given the HOPE results, most
are assuming that the benefits observed would apply to
ARBs and ACEIs, but this may not be correct.   ■

LIFE: Left Ventricular 
Hypertrophy Regression
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: Losartan therapy of hypertensive patients
with LVH resulted in greater LVH regression as com-
pared to atenolol independent of blood pressure control
and baseline ECG findings.

Source: Okin PM, et al. Circulation. 2003;108:684-690.

Since left ventricular hypertrophy (lvh) has
been associated with preclinical atherosclerotic vascu-

lar disease and predicts cardiovascular morbidity and
mortality, LVH regression has been the Holy Grail of
hypertension therapy. Unfortunately, many previous stud-
ies have failed to provide clear information on how best to
accomplish LVH regression. Meta analyses of available
trials have suggested that agents that antagonize the ren-
nin-angiotensin system may be best. Thus, the investiga-
tors in the LIFE trial undertook a sophisticated analysis of
ECG-LVH regression in this large trial. Over 9000 hyper-

tensive patients were randomized to losartan or atenolol
therapy, treated to target blood pressure levels, and fol-
lowed for up to 5 years. ECGs were done at baseline, 6
months, and then yearly for the duration of the study. Two
criteria for ECG-LVH were used: Cornell method—
amplitude of the R wave in lead AVL plus the S wave in
lead V

3
times the QRS duration; and Sokolow-Lyon

method—the S wave amplitude in V
1

plus the R wave in
V

5
or V

6
. Losartan reduced the Cornell LVH score by -200

vs -69 mm × ms on atenolol (P < .001) and the Sokolow-
Lyon by -2.5 vs 0.7 mm (P < .001). These changes persist-
ed over the follow-up period. There were no subgroup dif-
ferences; age, gender, ethnicity, and diabetics all showed
similar results. Also, the ECG results were adjusted for
baseline ECG findings, blood pressure, and diuretic use.
In addition, the prevalence of LVH by the Cornell method
decreased 21% on losartan vs 13% on atenolol (P < .001)
and by Sokolow-Lyon by 12 vs 8.5% (P < .001). Okin and
colleagues concluded that losartan therapy of hypertensive
patients with LVH resulted in greater LVH regression as
compared to atenolol independent of blood pressure con-
trol and baseline ECG findings.

■■ COMMENT BY MICHAEL H. CRAWFORD, MD
The strength of this study is that it is large enough to

detect a difference in LVH despite the use of 2 effective
antihypertensive agents. It would seem to settle the issue
between renin-angiotensin system blockers and beta-
blockers, at least in a largely white population with
LVH. Also, unlike previous studies, the results were
adjusted to baseline ECG findings and blood pressure, as
well as diuretic use. These results are consistent with the
HOPE trial, where it was found that ramipril as com-
pared to placebo lowered the likelihood of developing
LVH or its persistence and raised the likelihood of pre-
vention or regression of LVH, even when adjusted for
the larger change in blood pressure on ramipril. Also,
these results are consistent with animal data showing
that angiotensin II has a potent myocardial hypertrophy
effect. What is not known is how losartan would com-
pare to calcium channel blockers. Some studies have
shown equivalent efficacy of calcium blockers in LVH
regression and more potent antihypertensive effects.

There are some limitations to the study. The results are
only applicable to those with moderate-to-severe hyperten-
sion and ECG evidence of LVH. Whether similar results
would be seen in those with mild hypertension is doubtful.
Also, the use of the ECG to diagnose LVH is problematic.
In this study, patients were eligible if they met either the
Cornell or the Sokolow-Lyon criteria, but the total number
of patients who met LVH criteria by each method does not
add up to the total number of patients in the study. Okin et
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al comment that after enrollment some patients no longer
met criteria for LVH but were not excluded at that point.
This raises the issue of whether some of the LVH regres-
sion observed was due to regression to the mean. In addi-
tion, the 2 ECG methods are quite different. The Sokolow-
Lyon is very sensitive and the Cornell is much more specif-
ic. Combining them represents an interesting mix of
patients. It would have been interesting to have echocar-
diograms in a subgroup. Despite these issues, this large
trial strongly suggests that the greater reduction in cardio-
vascular end points on losartan as compared to atenolol
observed in LIFE are probably partly due to the superior
effect on LVH regression.   ■

Intravascular Ultrasound-
Guided PCI 
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: IVUS guidance with PCI results in improved
long-term clinical outcomes and cost-effectiveness.

Source: Gaster AL, et al. Heart. 2003;89:1043-1049.

It is well known that intravascular ultrasound
(IVUS) evaluation of a coronary vessel adds consider-

able information to the “luminogram” produced by coro-
nary angiography. During percutaneous coronary inter-
vention (PCI), IVUS provides information about true ref-
erence vessel size and lesion composition that can
improve device selection, as well as detailed information
about adequacy of stent implantation, including stent
underexpansion and malapposition. In addition, random-
ized trials such as CRUISE,1 have demonstrated lower
clinically driven target vessel revascularization rates
(TVR) in IVUS-guided PCI. Despite this, widespread use
of IVUS guidance has not been readily embraced due to
concerns about increased procedure duration and operator
expertise. Much of the published literature on IVUS guid-
ance has come from very high volume centers with excep-
tional expertise in image acquisition and interpretation
and the use of IVUS guidance in the average cath lab may,
in fact, be a different animal entirely. Another frequently
cited concern is the added cost of IVUS guidance, approx-
imately $650 per imaging catheter, which, interestingly,
does not seem to have limited the use of drug-eluting
stents (DES), currently priced around $2695, well over
twice as costly as a comparable “bare” coronary stent. In
fact, the biggest reason contributing to low rates of IVUS
guidance in PCI practice today is simply that we’ve

learned to get away with not using it, believing that, to
quote Gaster and associates, “I do not need this extra
information to perform a good coronary intervention.”

Gaster et al from Odense University Hospital and the
University of Southern Denmark report the results of a
randomized, prospective study comparing 5-year major
adverse clinical events (MACE) and cost outcomes after
PCI with or without IVUS guidance. Patients with stable
angina who were referred for scheduled PCI were ran-
domized to receive PCI with IVUS guidance or with
coronary angiographic guidance (CAG) only. The proto-
cols for CAG and IVUS guidance are described in detail.
Patients in both groups received documentary IVUS at
baseline (preintervention) and after completion of the
intervention. The interventional cardiologist was blinded
to the IVUS information in the CAG patients. IVUS-
guided stent deployment was optimized according to cri-
teria adapted from the MUSIC study.2 Clinical outcomes
included freedom from MACE (death, Q wave MI, need
for repeat revascularization) and “coronary artery dis-
ease related” costs during the follow-up period. 

Without giving specific numbers as to procedures per-
formed, Gaster et al describe their study site as “a rela-
tively low-volume center for PCI.” One hundred and
eight male patients undergoing PCI between May 1996
and October 1998 were included in the study. Equal num-
bers received CAG vs IVUS guidance. There were no
significant differences between the groups with regard to
clinical, demographic, or angiographic variables. Of note,
4 patients (3 in the IVUS group and 1 in the CAG group)
did not undergo PCI based on reassessment of the target
lesion. Median follow-up was 2.5 years (0.6-3.8, 25th
and 75th percentiles). There was no difference in proce-
dural success rate or duration and no difference in angio-
graphic diameter stenosis or minimal lumen diameter
(MLD) between the groups. Procedures in the IVUS-
guided group demonstrated larger final balloon size and
inflation pressure, larger acute gain, relative acute gain,
MLD, and minimal lumen cross sectional area by IVUS
criteria. Sixty-four percent of IVUS-guided procedures
obtained optimal stent deployment by MUSIC criteria
compared with 16% in the CAG-guided group (P < .01).
MACE rates were significantly lower in the IVUS-guided
group (P = .04), with 78% remaining MACE-free com-
pared with 59% in the CAG group. This difference was
due primarily to lower rates of repeat PCI in the IVUS
group (31% vs 61%; P = .004). Despite higher initial pro-
cedural costs, cumulative costs were found to be signifi-
cantly lower in the IVUS group, less than half when com-
pared to patients receiving CAG guidance.

Gaster et al concluded that IVUS guidance with PCI
results in improved long-term clinical outcomes and

Clinical Cardiology Alert 77



cost-effectiveness. They stress that these results suggest
that PCI, performed on a routine basis to optimize stent
deployment, can substantially improve outcomes outside
of the setting of a high-volume IVUS center. They
acknowledge that the small sample size of this study pre-
cludes them from identifying any subgroup of patients
more likely to benefit from IVUS guidance during PCI.

■■ COMMENT BY SARAH M. VERNON, MD
The era of the DES has arrived, and most interven-

tional cardiologists in the United States have been quick
to embrace the use of this new technology in their clini-
cal practice. In response to the question, “In which coro-
nary lesion do you elect to implant a DES?” many oper-
ators respond, “All of them.” But in practice, this proba-
bly isn’t really the case. The most obvious reason for this
is that the largest Cypher sirolimus-eluting Velocity stent
currently available is 3.5 mm in diameter, but in addi-
tion, the release of the Cypher stent has not, perhaps,
been as seamless as Cordis stockholders might have
hoped. At our institution, like many others, the array of
unexpired Cypher stents on the shelf at any given time
has not always included the appropriate diameter and
length for the patient on the table. So, even in October
2003, we still need to remember how to optimally
implant both “bare” and drug-eluting coronary stents.

While it seems certain that DES will improve clinical
outcomes overall, we can’t simply assume that resteno-
sis and subacute thrombosis are now extinct. While
published data regarding outcomes with widespread
clinical use of DES in clinical practice are not yet avail-
able, it seems that subacute thrombosis rates after DES
implantation have been higher than in pre-approval clin-
ical trials. A recent letter to cath lab directors from
Cordis stresses the importance of patient and lesion
selection, adequate antiplatelet therapy, and proper tech-
nique for stent deployment. Just as for bare stent
implantation, optimal DES implantation includes
appropriate size selection, lesion predilitation, and com-
plete stent apposition (which probably means high-pres-
sure postdilitation).

This report from Gaster et al reminds us that even in
the flurry of excitement surrounding the introduction of
DES, we shouldn’t forget that we can also improve out-
comes by not forgetting the basics, in this case, IVUS
guidance for optimal sent implantation. The study is lim-
ited by its small size and low-risk patient population and
is dated by the use of non-drug eluting stents. In addition,
the 66% clinically driven repeat PCI rate in the CAG
group is quite high, especially given this low-risk patient
population. Still, the results are compelling and suggest
that in the hands of an average interventional operator,

IVUS guidance might substantially improve both clinical
and economic outcomes for patients undergoing PCI.   ■

References
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Ablation of Ventricular
Arrhythmias
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: Triggering ventricular premature beats from
distal Purkinje fibers or the right ventricular outflow
tract are critical initiating factors in patients with VF
associated with the long QT and Brugada syndromes.
Elimination of these focal triggers can provide relief
from recurrent arrhythmias.

Source: Haissaguerre M, et al. Circulation. 2003;108:
925-928.

Haissaguerre and colleagues report a new
technique for managing frequent arrhythmias in

patients with syndromes characterized by abnormal ven-
tricular repolarization. They describe the results of map-
ping and ablation of ventricular premature beats in 7
patients. Four patients with long QT syndromes (LQTS)
and 3 patients with Brugada syndrome are included in
the study. Each patient had presented with 1 or more
documented episodes of ventricular tachycardia or ven-
tricular fibrillation (VF). The mean number of episodes
were 14 ± 8 for the 2 Brugada syndrome patients and 6 ±
4 for the LQTS patients. Although each LQTS patient
had a corrected QTc interval of greater than 460 msec,
they did not have known KCNQ1, SCN5A, or HERG
channelopathies found during genetic testing. The 3 Bru-
gada syndrome patients had the classic ST segment ele-
vation and abnormal QRS complex associated with that
disorder. One of these patients had a familial SCN5A
channelopathy. No patient had structural heart disease.
Five patients had implantable cardioverter defibrillators
in situ. Patients were hospitalized within 2 weeks of their
most recent episode of VF. In-hospital monitoring docu-
mented frequent ventricular premature beats (11,559 ±
13,111 per 24 hours). Triggering premature beats were
documented at the time of initiation of VF by either
ambulatory monitoring or stored defibrillator electro-
grams. Triggering premature beats were found to be
either monomorphic or polymorphic. All patients under-
went electrophysiologic study with right and left ventric-
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ular mapping. In the 4 patients with LQTS, 1 patient had
premature beats originating from the right ventricular
outflow tract, 2 patients had polymorphic ventricular
premature beats arising from the peripheral arborization
of Purkinje fibers in the left ventricle, and 1 patient’s
premature beats originated from the posterior fascicle.
Before each target premature beat, a Purkinje potential
preceded the local endocardial muscle activation by an
interval of 34 ± 17 msec. Variations in conduction delay
between the Purkinje potential and the local myocardi-
um were seen during repetitive activity. A radiofrequen-
cy application at the site of origin of these beats pro-
duced temporary exacerbations of arrhythmia followed
by disappearance of spontaneous ventricular ectopy.
Twelve to 24 minutes of radiofrequency energy applica-
tion were required for elimination of all premature beats. 

In the patients with Brugada syndrome, sites of origin
in the right ventricular outflow tract and right ventricular
Purkinje fibers were ablated after mapping. In 1 of these
patients, Purkinje potentials were identified. In the 2
patients who had inducible VF prior to ablation, no VF
was inducible after ablation. 

During a mean follow-up of 17 ± 17 months, there
were no recurrences of VF, syncope, or sudden death in
any patient. Two patients were maintained on beta-
blockers, while the remaining 5 patients were followed
without antiarrhythmic drug therapy. 

Haissaguerre et al concluded that triggering ventricu-
lar premature beats from distal Purkinje fibers or the
right ventricular outflow tract are critical initiating fac-
tors in patients with VF associated with the long QT and
Brugada syndromes. Elimination of these focal triggers
can provide relief from recurrent arrhythmias.

■■ COMMENT BY JOHN DiMARCO, MD, PhD
Haissaguerre et al previously reported successful map-

ping and ablation of focal triggers arising from the Purk-
inje fiber network in patients with idiopathic VF.1 The
patients in that report had normal electrocardiograms at
baseline and no evidence for structural heart disease. This
paper extends this approach to patients with abnormali-
ties of repolarization on resting electrocardiograms that
are diagnostic of either the LQTS or Brugada syndrome.

One must remain cautious about accepting, generaliz-
ing, and applying these findings. If these patients truly
had LQTS or Brugada syndrome, they should have per-
sistent problems of repolarization in diffuse areas of the
myocardium, which place them at continued risk for
life-threatening arrhythmias. Although eliminating focal
triggers might decrease the short-term occurrence of
life-threatening ventricular arrhythmias, it is premature
to conclude that this will provide a long-term cure. Abla-

tion of focal sources should not affect the basic underly-
ing mechanism, and it is unknown if more ventricular
premature beats will be seen with longer follow-up.

In this regard, it is noteworthy that the patients with
LQTS did not have evidence for the 3 most common ion
channel disorders associated with this disorder. Whether
this approach would be effective in LQTS patients with the
more common ion channel mutations remains to be shown. 

It is also striking that the patients with Brugada syn-
drome had a change in the response to stimulation after
the focal ablation. One would have guessed that pro-
grammed stimulation, which provides premature beats,
would still be able to initiate arrhythmias since the repo-
larization abnormality in the right ventricle should still
be present. The reason why focal ablation would affect
this response is unexplained by this paper. If the obser-
vation is confirmed, it raises questions about our current
understanding of the mechanism responsible for arrhyth-
mias in patients with Brugada syndrome.   ■
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Hospitalization for 
Atrial Fibrillation 
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: The frequency with which patients are hospi-
talized for atrial fibrillation is increasing dramatically
with a large proportion of the increase due to an
increased number of elderly patients in the population.
Part of this increase may also be due to changes in man-
agement strategies for atrial fibrillation. Inpatient
observation for initiation of antiarrhythmic therapy or
for anticoagulation is now commonly recommended,
particularly in elderly patients.

Source: Wattigney WA, et al. Circulation. 2003;
108:711-716.

Wattigney and associates from the centers for
Disease Control conducted a survey of hospitaliza-

tions related to atrial fibrillation during the period of 1985-
1999. Wattigney et al use the National Hospital Discharge
Survey (NHDS), which includes demographic and med-
ical information abstracted from medical records of inpa-
tients selected from a nationally representative sample of
nonfederal, short-stay hospitals in the United States.
Records were limited to patients 35 years of age or older
with atrial fibrillation recorded as 1 of up to 7 discharge
diagnoses. Data for patients with atrial fibrillation report-
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ed as both a primary diagnosis and as a secondary diagno-
sis were included in this analysis. These data were com-
bined with census bureau estimates to calculate age- and
sex-specific prevalence of hospitalization for atrial fibril-
lation per 10,000 members of the US population. 

The estimated number of hospitalizations and unad-
justed prevalence with atrial fibrillation as the principle
diagnosis increased from 154,086 in 1985 to 376,487 in
1999. This was a 144% relative increase. In the same peri-
od, hospitalization that listed atrial fibrillation as any of
the 7 diagnoses increased from 787,750 to 2,283,673 (a
190% relative change). Although women outnumbered
men in the absolute numbers of atrial fibrillation hospital-
izations, the age-standardized prevalence of hospitaliza-
tions for atrial fibrillation was consistently higher among
men than women. Analysis for the data using age-specific
prevalence showed an increase in atrial fibrillation hospi-
talization with increasing age. There was only a minor
increase over time among patients aged 35 to 54 years but
a striking increase in patient groups older than 75 years of
age. Most patients with atrial fibrillation during the course
of the study were discharged home. However, over time,
the percentage of patients discharged home decreased
slightly with a corresponding increase in discharges to a
long-term care institution. However, Wattigney et al could
not determine how many of these patients originated in a
long-term care institution and were discharged back to
their prior residence. Death was uncommon for discharges
in which atrial fibrillation was the primary diagnosis.
However, atrial fibrillation as a secondary diagnosis was
commonly associated with either stroke, acute myocardial
infarction, or congestive heart failure, and case fatality
rates were high among patients with these conditions. Par-
ticularly among elderly patients, pneumonia was the most
common noncardiac principle diagnosis seen in associa-
tion with atrial fibrillation. 

Essential hypertension, ischemic heart disease, and
congestive heart failure were the most commonly associ-
ated cardiac co-morbidities. 

Wattigney et al conclude that the frequency with
which patients are hospitalized for atrial fibrillation is
increasing dramatically with a large proportion of the
increase due to an increased number of elderly patients
in the population. Part of this increase may also be due to
changes in management strategies for atrial fibrillation.
Inpatient observation for initiation of antiarrhythmic
therapy or for anticoagulation is now commonly recom-
mended, particularly in elderly patients. Wattigney et al
argue that better techniques for maintaining sinus
rhythm are necessary to counter this trend. 

■■ COMMENT BY JOHN DiMARCO, MD, PhD
This paper presents interesting data showing the

effect of atrial fibrillation on hospitalizations in the US
population. It is well known that atrial fibrillation
becomes increasingly frequent as patients become older.
The data presented here confirm that this aging of the
population is reflected in an increase in hospitalization
of patients with this arrhythmia. 

Wattigney et al are convinced, however, that more
aggressive therapy to restore and maintain sinus rhythm in
patients with atrial fibrillation, using either ablation,
device-based, or pharmacologic approaches, may counter
this trend, but this opinion is not supported by recent clin-
ical trials. In fact, in both the AFFIRM trial and the RACE
trial, increased rates of hospitalization were seen in
patients in whom a rhythm control strategy was used as
the primary approach. Part of the reason for this was relat-
ed to the need for hospitalizations to initiate antiarrhyth-
mic drug therapy, but it is also likely that the common fail-
ures of antiarrhythmic therapy led to an acute presentation
that required a hospital stay for stabilization. A need for
hospitalization might not have been seen if patients had
just been maintained on a stable rate control regimen.
Unless antiarrhythmic therapy is highly successful and
safe, the need for frequent hospitalizations will likely per-
sist. Unfortunately, there have been no major recent break-
throughs in drug therapy for atrial fibrillation, and ablation
approaches, though more promising, have not been shown
to be highly effective in the elderly patients with advanced
disease who account for the majority of hospitalization.

This paper does provide important epidemiologic data
about the magnitude of atrial fibrillation in the United
States today. What we need now are better solutions.   ■

CME Questions
18. As compared to atenolol, losartan for hypertension:

a. reduces cardiovascular events.
b. regresses LVH.
c. improves blood pressure control.
d. a and b

19. Ultrasound-guided PCI improves:
a. larger final lumen diameter.
b. reduced MACE.
c. reduced long-term costs.
d. All of the above

20. Focal ventricular arrhythmia triggers suitable for ablation may
be found in:
a. long QT syndrome.
b. Brugada syndrome.
c. chronic CAD.
d. a and b
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Answers: 18(d); 19(d); 20(d)


