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

The significance of periprocedural myocardial injury in
the context of coronary stenting, while sometimes referred to

by euphemisms such as “enzyme leak,” “infarctlet,” or “coronet,”
should not be underestimated. In fact, “enzyme leaks” of sufficient
magnitude have been shown to be associated with adverse clinical
outcomes, including higher mortality rates, in several clinical trials.
Many of these trials have also demonstrated the cardioprotective
effects of glycoprotein IIb-IIIa inhibitors in reducing ischemic com-
plications of percutaneous coronary interventions (PCI). The
“pleiotropic” (nonlipid lowering) cardioprotective effects of HMG
coenzyme-A reductase inhibitors (statins) have also been demon-
strated in a growing number of clinical trials of primary and sec-
ondary coronary artery disease prevention. Within the last year, the
benefits of statin therapy and the adverse effects of statin withdraw-
al in patients undergoing coronary PCI have been described by sev-
eral investigators. One recent report1 demonstrated improved long-
term outcomes (30-day and 6-month all-cause mortality) in patients
receiving statin therapy at the time of PCI, and this was discussed
by Dr. Abrams in the April 2002 issue of Clinical Cardiology Alert.
Another study,2 discussed in the February issue of this publication,
showed that pre-PCI statin therapy was associated with a reduction
in major adverse cardiac events and angiographic restenosis, partic-
ularly among patients with elevated C-reactive protein (CRP) levels
“abrogating the increased risk associated with elevated CRP.”

The present study by Herrmann and colleagues was designed to test
the hypothesis that preprocedural statin treatment might be associated
with a reduction in periprocedural myocardial injury. This analysis
included 296 consecutive patients undergoing successful stenting of a
de novo lesion. Of these patients, 229 (statin treated) had received a
statin for more than 1 week prior to the index PCI, and the remaining
67 patients (controls) had not. Additional exclusion criteria included
pre-PCI elevation of creatine kinase (CK) or troponin T (cTnT),
myocardial infarction (MI) in the 4 weeks prior to PCI, the use of
periprocedural glycoprotein IIb-IIIa inhibition, or any contraindication
to antiplatelet therapy. All patients received ASA and a thienopyridine
for 4 weeks. Serum CK, CKMB (if CK elevated), and cTnT were
measured before, and 6, 12, and 24 hours after PCI. Clinical end
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points included death and MI, defined as CK > 2 × upper
limit of normal (ULN) or development of new Q-waves.

Results
Baseline demographic characteristics differed between

the 2 groups in that, as expected, there was a higher inci-
dence of history of hyperlipidemia in the statin-treated
patients (100% vs 66%; P < 0.001). In addition, the
statin-treated patients had a higher incidence of previous
PCI (48% vs 24%; P = 0.001) and multivessel disease
(79% vs 54%; P < 0.001) suggesting a higher vascular
disease burden in the statin-treated patients. The groups
were well matched in terms of angina severity, with the
majority of patients in both groups presenting with CCS
Class = 2. There were no differences between the groups
with regard to baseline serum parameters, including total
cholesterol, HDL-cholesterol, LDL cholesterol, or
triglycerides. Of interest, there was a nonsignificant trend
toward lower baseline CRP levels in the statin treated
group (0.5 ± 0.9 vs 0.8 ± 1.4 mg/dL; P = 0.09). There
were no differences between the groups in term of angio-
graphic or procedural variables.

The overall incidence of any degree of CK or cTnT ele-
vation was somewhat lower in the statin-treated patients
(14.4% vs 20.9%, P = 0.03; and 17.9% vs 22.4%, P = 0.5,
respectively). However, the incidence of large CK eleva-
tion (3 × ULN) was more than 90% lower in the statin-

treated patients (0.4% vs 6.0%; P = 0.01). Furthermore,
statin therapy was the only independent negative predictor
of large postprocedural CK elevation. Clinical data were
available for 90.2% of patients for a follow-up period of
13 ± 7 months, which revealed slightly, but not signifi-
cantly, improved MI-free survival in statin-treated patients

Herrmann et al acknowledge that the study was limited
by its small size, as well as its retrospective and nonran-
domized design, but conclude that statin pretreatment
resulted in a substantial reduction in the extent, rather than
the overall incidence, of MI after coronary stenting. In addi-
tion, they suggest that the trend toward lower baseline CRP
levels among statin-treated patients supports the hypothesis
that reduced vascular inflammation may play a role in
improved outcomes in these patients (Herrmann J, et al.
Circulation. 2002;106:2180-2183).

■■ COMMENT BY SARAH M. VERNON, MD
The “inflammatory hypothesis” and the putative

pleiotropic effects of statin therapy have certainly gained
the spotlight in recent months, and for good reason. It
seems the more we learn about the vascular biology of ath-
erosclerosis and thrombosis, the more we learn about the
links between the vessel wall, the platelet, and inflammato-
ry modulators. High-sensitivity CRP is rising to the surface
as an important marker, not only for inflammation, but also
for the presence of vascular disease and the risk of adverse
ischemic outcomes. This study adds to the growing body
of largely observational data, suggesting that statins might
contribute to improved outcomes, in frequency or in mag-
nitude, after PCI (or ACS or MI) by mechanisms indepen-
dent from their lipid-lowering effects. In his April 2002
commentary, Dr. Abrams cautions us not to blindly take
the “leap of faith” from the results of randomized long-
term prevention trials such as 4S, CARE and LIPID, to
MIRACL (which did not demonstrate reduced mortality or
MI after ACS), to the results from many observational
“data sets” that have recently been reported. Nonetheless,
these studies, including the recent report from Herrmann et
al, are intriguing (or, as Dr. Abrams says, “hypothesis gen-
erating”) and in toto, beg for a randomized clinical trial
with long-term clinical follow-up to more definitively
address the relationship between statins, CRP, and out-
comes in patients receiving coronary stents. While we wait
for definitive randomized data, we can’t forget to “Get
With the Guidelines” and miss an opportunity for aggres-
sive secondary prevention in each and every patient who
undergoes PCI.   ■

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

Synopsis: Marked LDL reduction (< 100 mg/dL) with
a high potency statin provides superior efficacy for ath-
erosclerosis regression at 1 year.

Sources: Taylor A, et al. Circulation. 2002;106:2055-
2060; Shah P. Circulation. 2002;106:2039-2040.

This study sought to evaluate whether treat-
ment with 2 statins of differing potency would have

differing effects on carotid intima-media thickness (IMT)
in a cohort of dyslipidemic individuals. Taylor and col-
leagues also hoped to identify whether statins are effective
through a class effect or through nonlipid actions. Healthy
and coronary artery disease (CAD) individuals who met
NCEP-ATP II criteria for pharmacologic therapy were
randomized to either of 2 statins, pravastatin 40 mg daily
(prava) or atorvastatin 80 mg daily (atorva). Approximate-
ly 46% of individuals had a history of CAD; these sub-
jects are not discussed further in the paper. Treatment was
carried out for 12 months with reasonably good compli-
ance in the 138 patients who completed the study. The pri-
mary end point was a change in the mean common carotid
IMT at 1 year. Secondary end points included a composite
of multiple clinical end points. Standard research quality
B-mode ultrasound was used. An experienced observer in
the standard fashion read all images blindly. Reproducibil-
ity, precision, and reliability of this method were high.
Standard lipid determinations as well as C-reactive protein
(CRP) and fibrinogen were measured at baseline, 3, and
12 months. The average age cohort was 60 years and 70%
were male. Baseline mean total cholesterol was 232 ± 42
mg/dL, and LDL cholesterol was 152 ± 34 mg/dL.
Triglycerides were 206 and HDL was 49. Baseline CRP
was 0.41 and fibrinogen was approximately 380. Carotid
IMT was 0.627 ± 0.189 mm (range, 0.32-1.36 mm). The
groups were equally matched at baseline. 

Results
Atorvastatin produced greater reductions than prava in

total and LDL cholesterol as well as triglyceride. After 12
months on-therapy LDL-C was 76 ± 23 mg/dL on atorva,
a 48% decrease from baseline; prava lowered LDL to 110
± 30 mg/dL, a 27% decrease from baseline. CRP was
reduced by atorva and prava, but more so with atorva.
Carotid IMT decreased in the atorva group, which was
significantly different from prava (P = 0.03). There was
overall regression with atorva during the 12-month peri-
od, whereas carotid IMT in the prava group was essen-

tially unchanged; P = 0.03. Maximum IMT also
decreased more with atorva; the differences did not reach
significance. By the end of the study, mean prava IMT
actually had risen above baseline, whereas the atorva
IMT measurements continued to fall at 6 and 12 months.
Prava-induced regression was seen in 27/70 prava
patients (39%) vs 37/68 of atorva patients (54%). There
were no significant side effects in the patients in either
group, and no difference in cardiovascular events. Fib-
rinogen did not change but CRP decreased at 12 months
in all patients, dropping by 50% in the atorva cohort.

Taylor et al concluded that atorva was quite effective,
with marked lowering of LDL cholesterol and an associat-
ed reduction in Carotid IMT. They stated that the data
“supports, but does not prove, the potential of high poten-
cy, synthetic statins . . . to prevent adverse cardiovascular
events.” They point out that there are no major published
outcome trials with atorva, and emphasize that the
BELLES, REVERSAL, and PROVE IT trials are under-
way, which will provide clinical end points using the same
2 drugs at the same dosage levels. They further concluded
that the reduction in both CRP and carotid IMT indicate
that statin action on CRP levels is not independent from
LDL lowering. They believe that the effects on carotid
IMT with high-dose atorva indicate support the belief that
“marked LDL reduction with synthetic statins may provide
enhanced reduction in clinical coronary event rates.”

■■ COMMENT BY JONATHAN ABRAMS, MD
These data are of interest but certainly not surprising. A

large number of regression trials have previously been
reported demonstrating a decrease in carotid as well coro-
nary atherosclerosis when measured by highly sensitive
methodology. In many earlier trials, event rates were sur-
prisingly reduced in the active treatment group, perhaps
the first suggestion that the results of the then ongoing
randomized statin trials would be positive with respect to
clinical end point reduction. These assumptions were
proven to be absolutely correct with release of the 4S trial,
and subsequently the LIPID and CARE studies. A later
regression study (ASAP) in familial hypercholesterolemia
showed a greater regression in coronary atherosclerosis
with atorva 80 mg compared to 40 mg of simvastatin
(Lancet. 2001;357:577). The degree of regression of ath-
erosclerosis in the coronary and carotid circulations in all
these reports is quite small, yet regression is generally
considered to be a surrogate for significant stabilization of
vascular disease in dyslipidemic individuals.  Whether the
event reductions seen in the RCT mentioned above are
due solely to lipid lowering is unclear; Taylor et al suggest
that there may be pleiotropic effects with atorvastatin. It is
impossible to separate out the effects of LDL cholesterol
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lowering from putative pleiotropic actions. Important
issues that remain unresolved include how low should
LDL cholesterol be reduced with lipid therapy and do
subjects at risk but with low LDL cholesterol need thera-
py. The recently published Heart Protection Study con-
firms that all cohorts at increased vascular risk benefited,
including the larger cohort with a high baseline LDL cho-
lesterol as well as the smaller number of individuals who
had low initial lipid levels, in particular, from a baseline
LDL cholesterol < 100 (Clinical Cardiology Alert.
2002;21[8]:57-59). In the current study, the LDL level
was reduced by high-dose atorva to a mean of 76 mg/dL,
which is about as low as seen in any trial to date. This
issue is becoming increasingly important, and hopefully
some light will be shed on the value of reaching various
target LDL levels with the completion of the several ran-
domized trials mentioned above that compare prava with
atorva. In an accompanying editorial, Dr. Shah empha-
sizes that both groups demonstrated regression, raising
“the possibility that regression could occur without
marked LDL lowering.” Shah is not convinced that the
ARBITER data are strong enough to determine how far
LDL cholesterol should be reduced. He, like many
experts, believes that lower is better.  He suggests that
other lipid modification approaches, such as increasing
HDL cholesterol, are also anti-atherogenic.

In conclusion, this study, while with predictable results,
is another nail in the hypercholesterolemia coffin. A robust
reduction in total LDL cholesterol (as well as triglycerides)
appears to stop carotid atherosclerosis in its tracks in many
but not all subjects. These favorable results were direction-
ally similar with pravastatin, but significantly more potent
with substantially more lipid modification with atorva. The
era of treating everyone with vascular disease with lipid
modifying agents appears to be close at hand!   ■

Carvedilol for Severe 
Heart Failure
A B S T R A C T S  &  C O M M E N T A R Y

Synopsis: In euvolemic Class IV heart failure patients
due to systolic dysfunction, carvedilol, added to conven-
tional therapy, reduces the risk of clinical deterioration,
hospitalization, and other severe adverse events.

Sources: Packer M, et al. Circulation. 2002;106:2194-
2199. Wollert KC, Drexler H. Circulation. 2002;106:
2164-2166.

Beta-blockers are contraindicated in patients
with decompensated heart failure, but physicians are

often reluctant to prescribe them for class IV heart fail-
ure, even when the patient has been stabilized on diuret-
ics, angiotensin converting enzyme inhibitors (ACEI),
and other agents. Thus, this report of the morbidity out-
comes in the Carvedilol Prospective Randomized Cumu-
lative Survival Study (COPERNICUS) is of interest. The
beneficial effects on survival have already been reported
(N Engl J Med. 2001;344:1651). Patients with class IV
symptoms for 2 months, and left ventricular ejection frac-
tion (LVEF) of < 25% were eligible. All 2289 partici-
pants were on diuretics and either an ACE1 or an
angiotensin receptor blocker (ARB) unless they were not
tolerated. Other oral agents were allowed but not
required, and no intravenous medications could have
been given within 4 days. The patients were randomized
to placebo or carvedilol up titration to the target dose of
25 mg b.i.d. The secondary end points of risk of death or
hospitalization, and the patient’s subjective assessment of
clinical status are the subject of this report. Carvedilol
reduced the combined risk of death or hospitalization for
cardiovascular reasons by 27% (30% vs 42%; P < .001)
and for heart failure by 31% (26% vs 38%; P < .001).
These favorable effects persisted when death was exclud-
ed and across all subgroups including the highest- risk
patients. After 6 months, more patients considered them-
selves improved, and less considered themselves worse
on carvedilol vs placebo. Also, carvedilol treated patients
were less likely to experience serious adverse events.
Packer and colleagues concluded that in euvolemic Class
IV heart failure patients due to systolic dysfunction
carvedilol, added to conventional therapy, reduces the
risk of clinical deterioration, hospitalization, and other
severe adverse events.

■■ COMMENT BY MICHAEL H. CRAWFORD, MD
The results of this analysis of the COPERNICUS study

suggest that once a class IV patient is stabilized on diuret-
ics, ACEI, or ARB and other agents, even if they recently
needed IV medications, a beta-blocker should be started
and titrated to recommend doses. Interestingly, fewer
patients developed worsening heart failure on carvedilol
as compared to placebo (17% vs 24%), and no early
increase in heart failure was observed. It must be pointed
out that patients with volume overload, or who were on
intravenous vasodilators or positive inotropic agents were
not enrolled. Beta-blockers are still contraindicated in
such patients. Also of interest, hospital lengths of stay was
less in the carvedilol patients (11.2 vs 13.5 days), and
carvedilol patients spent 40% fewer days in the hospital,
despite their increased longevity. These results are similar
to those observed in patients with mild-to-moderate heart
failure (J Am Coll Cardiol. 2001;37:1692) and suggest
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that beta-blockers should be started as soon as patients are
stabilized on diuretics, ACEI or ARB, and perhaps digox-
in. Also, since beta-blockers are useful in asymptomatic
patients with LV dysfunction due to coronary artery dis-
ease, these results extend the use of beta-blockers to all
clinical classes of heart failure (I-IV). Whether class I
patients with nonischemic LV dysfunction will benefit
from beta-blockers is not known.

The accompanying editorial by Wollert and Drexler
raises the issue of whether all beta-blockers are the same
with regard to heart failure treatment. Metoprolol, biso-
prolol, and carvedilol have all demonstrated a one third
reduction in mortality and morbidity in randomized tri-
als, yet they have different receptor blocking characteris-
tics. Inexplicably, bucindolol was not effective in the
BEST trial, reducing mortality and morbidity by only
about 10%. Is carvedilol superior to metoprolol as small
studies have suggested? We will have to await the results
of COMET, a head-to-head trial. However, even then
COMET did not use the new long-acting version of
metoprolol, which some think is better. Clinical research
is always a moving target.   ■

Biventricular Resynchroniza-
tion for Severe Heart Failure 
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: Optimization of intraventricular activation
intervals using sequential pacing provides further
improvement in cardiac function in patients with left
bundle branch block and congestive heart failure.

Source: Sogaard P, et al. Circulation. 2002;106:
2078-2084.

In this paper, sogaard and associates report a
technique for the use of tissue Doppler imaging to

optimize pacemaker program settings in biventricular
devices used for the treatment of heart failure. Twenty
patients participated in this elegant study. All had been
referred for implantation of a biventricular pacemaker.
The goal of biventricular pacing, also called cardiac
resynchronization therapy (CRT), is to eliminate the
negative hemodynamic effects seen with prolongation
intraventricular conduction and activation. The patients
had a mean age of 66 ± 8 years. Eleven had ischemic
heart disease and 9 had nonischemic heart disease. All
had sinus rhythm with chronic left bundle branch block
and a QRS duration of at least 130 msec. The mean

(±SD) QRS duration was markedly prolonged at 176 ±
25 msec. All patients were being treated with a standard
heart failure regimen that included ACE inhibitors,
diuretics, beta-blockers, and spironolactone. At the time
of implant, 3 transvenous pacing leads were inserted,
one positioned in the right atrium, one on the high intra-
ventricular septum, and one on the left ventricular epi-
cardial free wall via the coronary sinus. The high intra-
ventricular septum was selected for the right ventricular
lead to mimic normal right-sided activation and to get
the widest difference in electrical activity recorded by
the right ventricular and the left ventricular leads. The
leads were connected to a dual chamber biventricular
pacemaker with a programmable delay between the 2
ventricular outputs. Atrioventricular (AV) interval opti-
mization was performed by determining the longest pos-
sible AV interval that did not result in truncation on the A
wave measured by pulsed Doppler analysis of transmi-
tral flow. 

Three-dimensional echo and tissue Doppler record-
ings were performed on the day preceding and on the
day after the pacemaker was implanted. Measurements
were also repeated at 3 months. Measurements after
implantation were performed during simultaneous right
and left ventricular pacing and using 5 different intraven-
tricular delay intervals (12, 20, 40, 60, and 80 msec) with
either left ventricular or right ventricular preactivation.
Thus, a total of 11 different intraventricular delays were
examined with an equilibrium period of 10 minutes
between each examination. Off-line analysis of the 3-D
echocardiograms were performed and left ventricular
end diastolic and end systolic volumes and ejection frac-
tions were calculated. Using a 16-segment model, the
percentage of segments with delayed longitudinal con-
traction was determined. In addition, the global systolic
contraction amplitude (GSCA) was calculated as the
average shortening amplitude of all 16 segments.

In patients with idiopathic dilated cardiomyopathy,
delayed longitudinal contraction tends to be located in
the lateral and posterior walls of the left ventricle. In
patients with ischemic cardiomyopathy, abnormalities in
contraction were more frequent in the septum and in the
inferior wall. Exceptions to these general observations
were however noted in both groups. Simultaneous biven-
tricular pacing reduced the percentage of segments dis-
playing delayed longitudinal contraction from 48.6 ±
16% to 23.2 ± 13%. The mean left ventricular ejection
fraction improved from 22.4% to 29.7%. GSCA index
increased by 32.6%. Sequential pacing using the optimal
interventricular pacing interval could improve these
parameters in all patients. However, no uniform pattern
was observed. Left ventricular preactivation was superi-
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or in 9 patients whereas right ventricular preactivation
was superior in the remaining 11 patients. For example,
the ejection fraction improved from 22.4% ± 6% at base-
line to 29.7 ± 5% with simultaneous biventricular pacing
and further to 33.6 ± 6% with the optimal sequential
ventricular pacing interval. The range of optimal preacti-
vation intervals was narrow, with a range of 12-20 msec.
Further increases in intraventricular delay decreased
hemodynamic function. 

Sogaard et al concluded that optimization of intra-
ventricular activation intervals using sequential pacing
provides further improvement in cardiac function in
patients with left bundle branch block and congestive
heart failure. 

■■ COMMENT BY JOHN P. DiMARCO, MD, PhD
Cardiac resynchronization therapy is a new tech-

nique for improving symptoms of heart failure in
patients with intraventricular conduction delays. In
large trials, approximately 60-70% of patients treated
with CRT have shown improvement in their heart fail-
ure symptom scores and during functional testing. Up
until now, FDA- approved devices have all paced the
right and left ventricle simultaneously. In this paper,
Sogaard et al show that careful analysis of hemody-
namic function using tissue Doppler imaging after
changes in the pacing interval between the 2 ventricu-
lar leads can result in further improvements in cardiac
function. Individual patients respond better to having
early activation of either right or left ventricle. This
may allow even a higher fraction of patients to
achieve functional improvement with cardiac resyn-
chronization. 

This is an interesting preliminary study. However, it
remains to be seen if this technique will actually result in
long-term clinical benefit. Measurements made here
were with the patient supine and at rest. It is not known
if these hemodynamic changes would be consistent dur-
ing physical activity or in the upright position. Also, the
protocol used is involved and takes several hours to per-
form. This would be difficult to implement in a busy
clinical practice. Finally, Sogaard et al placed their right
ventricular lead high on the septum. Although this may
be optimal for pacing it may not be optimal for defibril-
lation and many patients who receive a CRT device also
need a defibrillator.

Resynchronization therapy offers potential benefits to
many patients. The first generation devices only permit
simultaneous right and left ventricular pacing. We can
hope that further careful studies like this one will
encourage the inclusion of more flexible programming
that may further improve responses to CRT.   ■

Diastolic Dysfunction by
Echo Doppler
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: Using the Canadian Consensus Guidelines, a
majority of patients referred for transthoracic echocar-
diography have diastolic dysfunction, and the diagnosis
of mild and moderate dysfunction were equally com-
mon.

Source: Yamada H, et al. J Am Soc Echocardiogr.
2002;15:1238-1244.

Abnormalities of diastolic left ventricular
function are recognized to be an important aspect of

cardiovascular health in a variety of patients. However,
the identification and quantitation of such abnormalities
remains controversial. In 1996 the Canadian Consensus
Guidelines for the acquisition and interpretation of
Doppler echocardiographic indices of diastolic dysfunc-
tion were published (J Am Soc Echocardiogr.
1996;9:736-760). Like many committee-derived guide-
lines, their use in actual clinical practice has not been
fully tested. Thus, Yamada and colleagues from the
Cleveland Clinic retrospectively evaluated 520 consecu-
tive patients referred to their lab for transthoracic
echocardiography. They excluded patients in whom the
measurement and interpretation of diastolic parameters
would be confounded by their disease process, such as
those with mitral valve disease, pericardial effusion, atri-
al fibrillation, tachycardia, and atrioventricular block.
The Canadian categorization of diastolic function is
based upon the transmittal and pulmonary venous flow
velocity signals, and measurement of the mitral E and A
wave velocity ratio (E/A); the deceleration time of the
mitral E wave (DT); the systolic and diastolic pulmonary
venous flow velocities ratio (S/D); the pulmonary
venous atrial systolic reversal velocity (AR); and the dif-
ference in the duration of the mitral A wave and the pul-
monary A wave reversal velocities (see Table).

Mild dysfunction is considered decreased relaxation
with no evidence of increased filling pressure. With
mild-to-moderate, increased filling pressure is likely.
Moderate is the pseudonormal pattern where filling pres-
sure is definitely elevated. Severe is the restrictive pat-
tern with very increased filling pressure. In addition,
they measured other echocardiographic parameters of
LV and LA size and function, and reviewed charts for
clinical information. LV ejection fraction was estimated
and ≥ 45% was considered normal. The patients selected
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ranged in age from 20 to 92 years, their mean age was
62, and 37% were women. Pulsed Doppler mitral veloc-
ities were recorded in all patients and 72% had adequate
pulmonary venous recordings.

Some abnormality in diastolic function was detected
in 75% of the patients. When E/A and DT were adjusted
for the known effects of age, 56% still had diastolic dys-
function. The main difference was that the proportion
who had mild dysfunction decreased from 39% to 19%
after age adjustment. In patients with a normal EF, 45%
had diastolic dysfunction as compared to 83% with an
abnormal EF. Among those with a structurally normal
heart on echo, 26% had diastolic dysfunction compared
to 63% with cardiac structural abnormalities. All patients
with the diagnosis of heart failure and normal EF had
diastolic dysfunction. All patients with moderate or
severe diastolic dysfunction had LA enlargement on
echo. Yamada et al concluded that, using the Canadian
Consensus Guidelines, a majority of patients referred for
transthoracic echocardiography have diastolic dysfunc-
tion and the diagnosis of mild and moderate dysfunction
were equally common.

■■ COMMENT BY MICHAEL H. CRAWFORD, MD
The Canadian schema, the Mayo Clinic one (J Am

Coll Cardiol. 1997;30:8-18), and other similar sys-
tems are used daily all over the world to label many
patients as having abnormal diastolic LV function, yet
this is the first assessment I have seen on the magni-
tude of what we are doing. Even with age adjustment,
the majority of patients studied have diastolic dys-
function. Given that many, if not most, people
referred for an echo have heart disease, this is perhaps
not surprising. On the other hand, could diastolic dys-
function be like mitral valve prolapse in the early
1980s—grossly overdiagnosed? Some of the details
of this observational study may shed light on this
issue.  First, the criteria for moderate and severe dias-
tolic dysfunction with definitely increased filling
pressure seem solid, since all such patients had LA

enlargement. Second, the classification of mild-to-
moderate dysfunction (increased filling pressure like-
ly) seems problematic since only 2% of their patients
fell into this category. Even in patients with reduced
LVEF or a structurally abnormal heart, the incidence
of mild-to-moderate diastolic dysfunction was only 2-
4%. The only difference between the mild and the
mild-to-moderate category is in the pulmonary
venous A reversal velocity measures, which are often
difficult to obtain and measure accurately. In fact, in
this study, pulmonary venous velocities were recorded
in only 72% of patients. Third, the high prevalence of
mild diastolic dysfunction in those with a structurally
normal heart (26%) and no instances of more severe
diastolic abnormalities in these individuals raises con-
cerns that this classification is too sensitive. On the
other hand, perhaps this is a marker for early cardiac
disease. Unfortunately, we don’t have the data to
answer this question. In a patient with risk factors for
coronary artery disease or conduction abnormalities
on the ECG, this could be an important marker of
early LV dysfunction. In apparently healthy individu-
als it may be worthless. Finally, new techniques such
as tissue Doppler imaging, contrast echo, and neuro-
hormone measures may help resolve these issues in
the near future. At present, it seems reasonable to call
mild and mild-to-moderate diastolic dysfunction by
the Canadian criteria, abnormal relaxation-clinical
correlation required, and to maintain their classifica-
tion of moderate and severe.   ■

Emotional and Physical 
Precipitants of Ventricular
Arrhythmia
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: Anger and moderate physical activity func-
tion as triggers for ventricular arrhythmias.

Source: Lampert R, et al. Circulation. 2002;106:
1800-1805.

Lampert and colleagues performed a study
on the psychological factors leading to ventricu-

lar arrhythmias in a population of patients with
implantable cardioverter defibrillators (ICDs). Two
hundred and forty patients were enrolled in the study.
Each patient was given a structured diary to record
their activities and mood states in the period preced-
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Table

Canadian Consensus Diastolic Dysfunction Clas-
sification by Pulsed Doppler Echocardiography

Grade E/A DT(ms) S/D AR(m/s) AR-A(ms)

Normal 1-2 150-200 ≥ 1 < .35 < 20

Mild < 1 > 200 ≥ 1 < .35 < 20

Mild/

moderate < 1 > 200 ≥ 1 ≥ .35 ≥ 20

Moderate 1-2 150-200 0.5-< 1 ≥ .35 ≥ 20

Severe > 2 < 150 < 0.5 ≥ .35 ≥ 20



ing any arrhythmia treated by their ICDs. The diary
included measurements of anxiety, anger, worry, sad-
ness, and happiness and feelings of challenge, inter-
est, and being in control. The diary also included a
checklist of specific physical activities, which were
classified as a level of 1-5. Patients were instructed to
complete the diary for the 15-minute period immedi-
ately preceding the shock and for the 15- minute to 2-
hour period preceding that. Patients who reported a
shock went over their diary with a research nurse
who then recontacted 1 week later to record a second
diary for the same time of day. In this way, data from
each patient could be analyzed using the 2 predefined
hazard periods (0-15 minutes preshock and 15 min-
utes to 2 hours preshock) compared to the same time
periods 1 week later. 

Sixty-one patients recorded diaries for 187 shock
events. However, of these, 80 events were not appropri-
ate shocks for ventricular arrhythmias. Therefore, the
data used in the study were obtained from 107 shock
events reported by 42 patients. Anger was significantly
associated with shock with 3 patients reporting 2
anger-associated shocks, and 11 patients reporting 1
each. Anxiety was also associated with shocks, but
anxiety did not remain an independently significant
risk factor after adjustment for other variables. There
was no difference in the levels of the other mood states
between the hazard periods and the control periods.
Vigorous activity was rarely reported during either the
preshock periods or during the control periods. Howev-
er, mild-to-moderate physical activity preceded 53% of
the shocks and was reported in only 32% of the control
periods. Activity during the preshock period was a risk
factor independent of emotional factors. Walking slow-
ly and physical activity at work were the two activities
most commonly seen in the preshock period as com-
pared to the control period. 

Lampert et al conclude that anger and moderate phys-
ical activity function as triggers for ventricular arrhyth-
mias. It remains unknown whether therapy directed at
influencing the psychological state of patients or their
activity pattern will affect the frequency of ventricular
arrhythmias.

■■ COMMENT BY JOHN P. DiMARCO, MD, PhD
Over the years, it has been recognized that psycho-

logical factors can affect the clinical course of patients
with cardiac disease. There have been reports of an
increased incidence of sudden death or myocardial
infarction after earthquakes, during war, or during peri-
ods of personal grief. The data presented here agree
with those prior observations by documenting a rela-

tionship between periods of increased sympathetic tone
and ventricular arrhythmias in ICD patients. 

In the last several years, beta-adrenergic blockers
have been the standard therapy for patients with both
ischemic heart disease and congestive heart failure. It
is likely that much of the improvement in mortality
related to beta blockers may be because of their abili-
ty to block increased sympathetic stimulation that
comes because of either psychological stress or phys-
ical activity. The data presented here support that
hypothesis.

It has always been quite puzzling why patients devel-
op arrhythmias at any given point in time. Most arrhyth-
mias are caused by an interaction between substrate and
trigger. This paper points out that even with a fixed sub-
strate for arrhythmia, therapy directed at reducing the
frequency of triggering events may be beneficial.   ■

CME Questions
24. High potency statin drugs:

a. lower LDL cholesterol.
b. reduce carotid intimal medial thickness.
c. reduce C-reactive protein levels.
d. All of the above

25. Statin administered prior to PCI:
a. reduces subsequent troponin T release.
b. reduces the incidence of large CK rises.
c. reduces mortality.
d. All of the above

26. Beta blocker therapy for ischemic cardiomyopathy is effective
in:
a. class II-III heart failure.
b. class I-III heart failure.
c. class I-II heart failure.
d. class I-IV heart failure.

27. Resynchronization therapy improves LV systolic function opti-
mally when:
a. pacing both ventricles is simultaneous.
b. the RV is activated first.
c. the LV is activated first.
d. ventricular activation sequence is individualized.

28. Ventricular tachyarrhythmias are often precipitated by:
a. moderate exercise.
b. anger.
c. anxiety.
d. a and b

29. Standard echo Doppler measures of diastolic LV dysfunction:
a. reliably distinguish patients with heart disease from normals.
b. are abnormal mainly in patients with LV systolic dysfunction.
c. are abnormal mainly in patients with structurally abnormal

hearts.
d. are abnormal in the majority of patients referred for echo.
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