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

There is accumulating evidence to suggest that therapy
with the HMG CoA reductase inhibitors, or statins, might con-

fer benefit via anti-inflammatory, as well as lipid-lowering effects,
when used as primary or secondary prevention in coronary artery
disease (CAD). Walter and colleagues have previously published
data demonstrating the predictive value of C reactive protein (CRP)
levels on clinical and angiographic outcomes in patients undergoing
coronary stent implantation. They studied 276 patients and found a
correlation between preprocedural CRP levels (when patients were
grouped into terciles) and the occurrence of major adverse cardiac
events (MACE), defined in this study as cardiac death, myocardial
infarction (MI) attributed to the stented vessel, and repeat target
vessel revascularization (TVR). This primary end point occurred in
24 (26%) of patients in the lowest CRP tercile, compared with 42
(45.6%) and 38 (41.3%) of patients in the middle and upper CRP
terciles, respectively (P = 0.01). Higher CRP levels were indepen-
dently associated with increased risk of adverse coronary events.
Furthermore, 6-month angiographic restenosis rates were lower in
the tercile with the lowest CRP levels, 18.5% vs. 38.3% and 45.5%
for the middle and upper terciles (P = 0.002). Walter et al concluded
that low-grade inflammation may be associated with increased
neointimal proliferation within stents and, therefore, may translate
into higher rates of adverse outcomes in stented patients with
increased CRP levels.

In their present publication, Walter et al extend their previous
observations, seeking to determine whether statin therapy affects the
correlation between preprocedural CRP levels and the risk of
adverse cardiac events after stent implantation. This study enrolled
388 consecutive patients who underwent successful stent implanta-
tion for a variety of clinical indications. Of note, 118 of these
patients were included in this group’s prior report. Baseline CRP
levels were obtained using a commercially available assay (Turbidi-
metric, Boehringer Mannheim) prior to coronary intervention. All
patients received aspirin and a thienopyridine derivative (clopidogrel
or ticlopidine). Of note, only 34 (8.7%) were treated with a glyco-
protein IIb-IIIa inhibitor. Two hundred forty-nine (64.2%) patients
received statin therapy after stent implantation. Of these, 45 had
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received statin therapy pre-procedure. The remaining
139 patients were not treated with a statin drug. As in the
previous report, the primary end point was MACE at 6
months. Again, quantitative coronary angiography was
performed at baseline and after stent implantation in all
patients, and follow-up angiography to assess for angio-
graphic restenosis was performed 4-6 months later in the
majority (89.1%) of patients. 

For data analysis, patients were divided into 4 groups
according to CRP levels (greater than or less than the
median CRP value of 0.6 mg/dL) and the presence or
absence of statin therapy. There were significant differ-
ences in risk of MACE among the 4 groups (P = 0.003).
(See Table.) The cohort with high CRP levels not receiv-
ing statin therapy had the highest risk for MACE (RR,
2.37, 95% CI, 1.3-4.2) when compared to the lowest-risk
cohort, (those with low CRP levels receiving statin ther-
apy). This risk was significantly lower in the patients
with elevated CRP who received statin therapy (RR,
1.27; CI, 0.7-2.1) and was, in fact, comparable to the
patients with lower CRP levels who were not treated
with statins (RR, 1.1; CI, 0.8-1.3). The rates of angio-
graphic restenosis (using a binary definition of ≥ 50%
diameter stenosis) were also significantly different
among the 4 groups (P < 0.005). Patients with high CRP
levels had higher restenosis rates, and, importantly, statin
therapy was associated with a significant reduction in

angiographic restenosis rate in this group of patients
(34.9% vs 50%; P = 0.04). Walter et al concluded that
these results demonstrate that “statin therapy abrogates
the increased risk associated with elevated CRP . . . in
patients undergoing coronary stent implantation.” (Wal-
ter DH, et al. J Am Coll Cardiol. 2001;38:2006-2012; 
Walter DH, et al. J Am Coll Cardiol. 2001;37:839-846.)

■ COMMENT BY SARAH M. VERNON, MD
As all interventional operators know, every successful

stent procedure must stand the test of time, and even the
most optimal initial result may eventually be diminished
by neointimal formation in the months that follow. More
important than long-term “coronary beautification” are
the clinical consequences of restenosis, which take the
form of recurrent symptoms and hospitalizations, repeat
percutaneous coronary intervention (PCI) procedures,
and, in some cases, the need for surgical revasculariza-
tion. While the vascular biology of neointimal formation
is complex, it has long been known that inflammation is
an important contributor to its genesis, and throughout
the years, countless strategies for the prevention of clini-
cal restenosis, including the use of lipid-lowering agents,
have been tried with limited success. Currently, coated
stents hold out the most promise. However, at present,
we remain limited to optimizing our angiographic
results, scrupulous use of antiplatelet agents, treating
“traditional” risk factors, and “crossing our fingers”
when it comes to preventing adverse outcomes after
coronary stent procedures. This report by Walter et al
adds to a rapidly growing body of data pointing to the
importance of inflammation, as manifest by elevation of
the serum marker CRP, in the development of adverse
events related to CAD. This differs from previous stud-
ies of statin therapy administered after stent implanta-
tion, in that its end points are clinical and angiographic,
suggesting that the reduction in CRP levels demonstrat-
ed in previous trials of statin therapy might be expected
to translate into improved clinical outcomes in patients
receiving coronary stents. This study suggests not only
that serum CRP levels might be useful in predicting
which patients might be at higher risk for adverse events,
but that statin therapy might play a role in reducing the
risk of events in those patients. The study is limited by
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Table 

MACE at 6-Month Clinical Follow-up

Statin No Statin

CRP < 0.6 mg/dL 27.2% (n = 34 ) 32.1% (n = 18)

CRP = 0.6 mg/dL 32.3% (n = 40) 47% (n = 39)

P = 0.03



its size and, importantly, by the lack of randomization of
statin administration (apparently, whether or which
statin to use was left to the physician’s discretion). Ques-
tions about dosing, duration of therapy, and whether
cholesterol and LDL goals were met are relevant in this
clinical scenario. The use of glycoprotein IIb-IIIa
inhibitors was extremely low in this study and, therefore,
these data may not be applicable to coronary stent proce-
dures as they are performed in the United States today.
Despite these limitations, these data suggest that, until
these questions can be answered, in patients with elevat-
ed CRP levels (or otherwise at high risk for adverse
events), statin therapy might be warranted after coronary
stenting.   ❖

Doppler Echo Estimation of
Pulmonary Artery Pressure
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: The expected upper limit of pulmonary artery
systolic pressure may include 40 mm Hg in older or
obese subjects, and these findings support the use of age
and body mass index corrected values in defining the
normal range of pulmonary artery systolic pressure esti-
mates by Doppler echocardiography.

Source: McQuillan BM, et al. Circulation. 2001;104:
2797-2802.

The factors that affect pulmonary artery pres-
sure in apparent normal individuals are unclear. Pre-

vious small studies have suggested that age, obesity, and
systemic blood pressure may be important. Thus,
McQuillan and coworkers at the Massachusetts General
Hospital reviewed their echo laboratory database of
102,818 echocardiographically normal subjects over the
last decade. They selected 15,596 with less than moder-
ate tricuspid regurgitation (TR) and mild or less aortic
and mitral regurgitation, which represented 15% of the
total number of subjects available—8914 women and
6682 men. The final study population included the
10,719 subjects with TR, which was 69% of those meet-
ing the initial selection criteria. The detection of TR was
influenced by the time period during the decade in which
the study was done. TR was detected in 48% in 1990 vs.
80% in 1999, but there was no change in the average TR
jet velocity. Using a central venous pressure mean of 10
mm Hg, pulmonary artery systolic pressure (PASP) was
estimated as the sum of the TR jet gradient plus the

assumed central venous pressure of 10. The average
PASP was 28 mm Hg (95% confidence interval [CI] =
19-38). The PASP value varied somewhat with the rea-
son for the study, from a high of 30 mm Hg (CI, 17-44)
in those referred to evaluate pulmonary pressure, to a
low of 26 mm Hg (CI, 19-34) in those with suspected
aortic valve disease. Certain factors were found to be
predictors of PASP: age, < 20 years, PASP = 27 mm Hg,
age > 60 years; PASP = 32 mm Hg; and body mass
index (BMI), < 20; PASP = 27 mm Hg, BMI > 35, PASP
= 31 mm Hg. Also predictive were measures of left ven-
tricular hypertrophy, left atrial size, aortic size, and left
ventricular ejection fraction (direct correlate). PASP val-
ues > 30 mm Hg were observed in 28% of these echo
normals with TR, and the most robust predictor of this
level of PASP was advanced age (odds ratio, 2.7).
McQuillan et al concluded that the expected upper limit
of PASP may include 40 mm Hg in older or obese sub-
jects, and these findings support the use of age and BMI
corrected values in defining the normal range of PASP
estimates by Doppler echocardiography.

■ COMMENT BY MICHAEL H. CRAWFORD, MD
It is clear from these data that using the cardiac

catheterization derived normal upper limit of PASP of 30
mm Hg for Doppler echo estimates is inappropriate and
would misclassify many normal subjects as having mild
pulmonary hypertension. Such a misclassification could
have serious consequences for the patient with regard to
establishing other diagnoses, such as pulmonary vascu-
lar disease; directing further evaluation, such as pul-
monary angiography; and suggesting treatment, such as
calcium blockers. There are several problems with com-
parison to a cath gold standard. Catheter pressure is usu-
ally measured in the pulmonary artery by fluid filled sys-
tems with variable frequency response. Doppler pressure
is measured as the peak instantaneous pressure at the tri-
cuspid valve. The estimation of right atrial pressure to
complete the estimate of PASP by Doppler is problemat-
ic. Clearly in many normal subjects it is not 10 mm Hg,
but this assumed pressure worked well empirically in
several small studies compared to catheterization pres-
sure measurements. Others have proposed estimating
right atrial pressure by observing the size and amount of
inspiratory collapse of the inferior vena cava. A popular
technique is to estimate right atrial pressure in incre-
ments of 5 mm Hg using the caval observations. Some
have suggested that the jet gradient alone be used since
in normals right atrial pressure is near zero. This would
bring Doppler estimates in line with the cath upper limit
of normal but would not be useful for estimating PASP
in those with high right atrial pressures. So we are stuck
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with an imperfect system where normal PASP can be up
to 40 mm Hg in some individuals. Since age and BMI
accounted for the largest proportion of the deviation in
normal values, McQuillan et al’s suggestion that they be
used to normalize the values is a good one. Unfortunate-
ly, the formula for this correction has not been provided.
For the present, we must realize that older, obese sub-
jects and those with left ventricular hypertrophy may
have values up to 40 mm Hg without having clinically
important pulmonary hypertension.   ❖

Effect of Atrial Fibrillation 
on Hypertrophic 
Cardiomyopathy
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: Atrial fibrillation is a frequent complication
of hypertrophic cardiomyopathy that often represents a
turning point in the clinical course of the disease. It
remains to be demonstrated if aggressive antiarrhyth-
mic therapy will alter this effect of atrial fibrillation on
prognosis.

Source: Olivotto I, et al. Circulation. 2001;104:
2517-2524.

Olivotto and colleagues analyzed the preva-
lence and prognostic significance of atrial fibrilla-

tion (AF) in patients with hypertrophic cardiomyopathy
(HCM). Data from patients with HCM who were fol-
lowed at 2 community-based HCM clinics (Florence,
Italy, and Minneapolis, Minn) were combined yielding a
study group of 480 patients. The mean duration of fol-
low-up was 9.1 ± 6 years. The mean age at diagnosis
was 45 ± 20 years. Patients were followed according to
standard clinical practice at the time. Atrial fibrillation
was documented based on ECG recordings and was
classified as either exclusively paroxysmal, paroxysmal
converting to chronic (ie, persistent), or exclusively
chronic. For survival analysis, 3 modes of HCM -related
deaths were defined: 1) sudden unexpected deaths; 2)
heart failure-related deaths; and 3) stroke-related deaths.

AF was noted in 107 of the 480 patients. Twenty-five
patients developed AF before the initial HCM diagnosis
was made, and, for 18 of these, AF was the initial mani-
festation of HCM. The remaining 82 AF patients devel-
oped their arrhythmia 2 months to 29 years after the ini-
tial diagnosis of HCM. The overall prevalence of AF in
the entire population was 22%. AF presented in a parox-

ysmal form in 77 patients, but in 32 of these it pro-
gressed to chronic AF despite aggressive attempts to
maintain sinus rhythm with antiarrhythmic therapy. In
those who progressed from paroxysmal to chronic AF,
the average time for progression was 5.1 ± 3.5 years. AF
prevalence increased progressively with age. More than
35% of the patients older than 60 years had some form
of AF. However, AF was not exclusively seen in older
patients. There were 39 patients who developed AF at 50
years of age or younger. 

Predictors of AF among patients with sinus rhythm at
the time of initial diagnosis included advanced age,
advanced New York Heart Association class, and a left
atrial dimension greater than 45 mm Hg. A family histo-
ry of sudden death, a maximum left ventricular thickness
of greater than 20 mm, and a left ventricular outflow
tract gradient greater than 30 mm Hg were not indepen-
dent predictors of AF.

During follow-up, 74 of the 480 patients died of
HCM-related causes including 38 deaths (35%) among
the 107 AF patients. In the latter group, there were 13
sudden deaths, 17 heart failure deaths, and 8 stroke-relat-
ed deaths. Annual HCM-related mortality was 3% in AF
patients compared with 1% in a control group of patients
with similar other clinical characteristics who did not
have AF. The excess risk was explained by increased
mortality due to stroke and heart failure. There was no
association between AF and any increased risk for sud-
den death. AF was associated with new or worsening
symptoms in most patients. Over the long term, AF was
associated with a substantial risk of progression to class
III or class IV heart failure. Ischemic stroke was more
frequent among AF patients than among controlled
patients in sinus rhythm and resulted in 8 deaths and per-
manent disability in 11 additional patients. Analysis of
therapy during follow-up suggested that warfarin
reduced the risk of ischemic stroke. The efficacy of
antiarrhythmic therapy in improving outcomes was not
clearly shown. Olivotto et al concluded that AF is a fre-
quent complication of HCM that often represents a turn-
ing point in the clinical course of the disease. It remains
to be demonstrated if aggressive antiarrhythmic therapy
will alter this effect of AF on prognosis. 

■ COMMENT BY JOHN P. DiMARCO, MD, PhD
This retrospective analysis of data from 2 community-

based HCM treatment centers provides important infor-
mation about the significance of AF in patients with
HCM. The high prevalence of AF in HCM is undoubted-
ly due to a number of factors. The noncompliant ventricle
seen in patients with HCM raises atrial pressures, and this
produces atrial distention and fibrosis, the anatomic bases
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for AF. In addition, myocellular disarray may facilitate
atrial arrhythmias in the same fashion that it produces the
substrate for ventricular arrhythmias. The former mecha-
nism is probably the major factor responsible for AF in
the older patients, whereas the younger patients may have
more of a primary arrhythmia.

AF eliminates the atrial component of ventricular fill-
ing and can produce rapid changes in hemodynamics in
HCM patients with AF. In addition, poorly controlled
ventricular rates will not allow adequate ventricular fill-
ing and can result in syncope, pulmonary edema, and
even cardiac arrest. Unfortunately, the data in this paper
do not suggest that standard antiarrhythmic therapy is
particularly effective in preventing the development of
chronic AF. However, the severity of the symptoms asso-
ciated with AF in HCM patients makes vigorous
attempts to identify those who will at least temporarily
respond to antiarrhythmic drugs important. It remains to
be seen however if we can devise an aggressive long-
term antiarrhythmic therapy that can reverse the negative
effect of AF on the diseased course in HCM patients.   ❖

Endothelial Function Testing:
Ready for Prime Time?
A B S T R A C T S  &  C O M M E N T A R Y

Synopsis: Improvement in endothelial vasomotor func-
tion responses to a given therapy may or may not predict
the results of large, randomized trials.

Sources: Stein, JH, et al. J Am Coll Cardiol. 2001;38:
1806-1813; Maxwell AJ, et al. J Am Coll Cardiol.
2001;38:1850-1858; Pullin CH, et al. J Am Coll Cardiol.
2001;38:1799-1805; Shinozaki K, et al. J Am Coll Car-
diol. 2001;38:1821-1828; Chan N, et al. J Am Coll Car-
diol. 2001;38:1814-1820; Kuvin JT, et al. J Am Coll Car-
diol. 2001;38:1843-1849; Silber HA, et al. J Am Coll
Cardiol. 2001;38:1859-1865.

There has been a remarkable increase in the
number of reports of endothelial function assessment

in cardiology journals over the past several years. In
addition to the familiar use of brachial artery diameter or
forearm flow studies, which have mostly superseded
coronary angiographic testing for practical reasons, there
are an increasing number of reports of plasma levels of
endothelium-derived substances. The latter include
ICAM-1, VCAM-1, PAI-1, TPA antigen, CRP,
macrophage colony stimulating factor, and a variety of

other molecules. Furthermore, we are beginning to see
reports about the prognostic implications of disordered
baseline endothelial vasomotion or biochemical markers
with respect to adverse coronary artery events in subse-
quent years. In the December issue of the Journal of the
American College of Cardiology, there are 7 articles
dealing with endothelial function. These are briefly
described in this commentary and should provide the
reader with a sense of the robust research activity in this
rapidly evolving field. Nevertheless, 20 years after
Furchgott first described endothelium-derived relaxing
factor (EDRF) and the subsequent identification that
nitric oxide (NO) is the molecule responsible for modu-
lating many endothelial functions (resulting in the 1999
Nobel Prize awarded to Furchgott, Ignarro, and Murad),
it is still not known if assessment of endothelial function
outside the research laboratory is relevant to the clini-
cian, or has prognostic significance. Methodologic
issues abound, particularly relating to the various meth-
ods of assessing vasomotor function. 

Statins and Antioxidants: A study assessing the
effect on endothelial vasodilator function of statins and
antioxidants in hyperlipidemic patients was reported by
Stein and colleagues. This report focused on older indi-
viduals (> 70 years of age) with an LDL cholesterol
averaging 180 mg/dL and a total cholesterol of 262
mg/dL. Surprisingly, although baseline endothelial
vasodilation in the brachial artery was abnormal, statin-
induced lipid lowering with or without vitamin C or vita-
min E for 12 months did not improve the abnormal
endothelial vasomotor function. Stein et al concluded
that aging alone has a powerful effect on depressing NO-
mediated vasodilation, and that “morphologic and physi-
ologic changes in the vascular wall in aging populations
may preclude the beneficial effects of therapies that have
been shown to improve endothelial vasomotor function
in younger individuals with abnormal coronary artery
disease (CAD) risk factors.” 

Uric Acid: It has long been known that uric acid lev-
els are higher in populations with vascular disease.
Maxwell and associates demonstrate that uric acid levels
are related to vascular NO activity, and they speculate
that elevations of uric acid are associated with the sever-
ity of cardiovascular disease. Furthermore, uric acid lev-
els were inversely related to the degree of endothelial
flow mediated vasodilation. In this study, there was a
strong correlation between uric acid levels and abnormal
flow mediated vasodilation with cardiovascular disease.
Furthermore, pooled data from 6 clinical trials using L-
arginine in a “medical food” (the Heart Bar) indicated
that urate levels decreased and flow-mediated dilation
increased with ingestion of this arginine supplement in
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subjects with coronary and peripheral artery disease or
hypercholesterolemia who ingested the supplement for
1-2 weeks. In addition to the demonstrated relationship
of serum uric acid levels to vascular NO activity and
endothelial vasomotor function, there was a correlation
between serum uric acid and cardiovascular risk factors.
Furthermore, Maxwell et al hypothesize that with vascu-
lar disease or CAD risk factors, oxidative stress is
increased and NO activity is decreased, resulting in
increased xanthine oxidase activity, which removes the
brake on uric acid production. 

Homocystine and Folate: In spite of the recent
report indicating that folic acid and B vitamins decrease
restenosis,1 a report from Pullin and associates indicates
that while homocystine (HC) levels are inversely related
to plasma folate concentrations and were reduced by
dietary or supplemental folate, there was no improve-
ment in endothelial function in a large group of healthy
subjects. In addition, genotype assessment indicated the
expected variance of individuals with MTHFR gene
mutations; these individuals with higher HC levels had a
similar beneficial response to dietary or supplemental
folate, and the same lack of improvement in brachial
artery vasodilation after 4 months of therapy with either
folic acid supplements or increased dietary folate.  

Insulin Resistance: An elegant Japanese study from
Shinozaki and associates of normal subjects stratified
into tertiles of insulin sensitivity demonstrated that
insulin-resistant subjects had abnormal vascular oxida-
tive stress and pteridine metabolism, which correlated
with abnormal coronary endothelial function. 

Cardiovascular Risk Factors and Their Correla-
tion with Reactivity: A British study of a large cohort of
healthy individuals assessed a wide variety of CAD risk
factors, as well as Framingham risk category. Lipopro-
tein particle size and standard lipid parameters were
measured. Forearm acetylcholine and bradykinin
responses were assessed; L-NMMA, an antagonist of
arginine, was given to measure basal NO production.
The major correlates of abnormal vascular reactivity
were hyperlipidemia, high body mass index, and smok-
ing. Furthermore, Framingham risk status was predictive
of stimulated endothelial vasodilation, with lesser
responses in higher-risk subjects. A great deal of varia-
tion in the vascular response to various agents was noted
and was generally unexplained. Chan and colleagues
concluded that lipids and smoking, but not blood pres-
sure or lipoprotein particle size, are associated with per-
turbations in the NO pathway in these middle-aged sub-
jects. A high Framingham risk score was predictive of
reduced basal as well as stimulated endothelial depen-
dant vasodilation. 

Nuclear Stress Testing and Endothelial Function:
An interesting report by Kuvin and associates evaluated
brachial artery diameter responses to forearm occlusion
in low-to-medium CAD risk in subjects referred for
myocardial perfusion stress imaging with sestamibi.
Impaired brachial artery dilator responses were arbitrari-
ly set at less than a 10% increase over baseline. An
abnormal brachial artery response was predictive of an
abnormal exercise perfusion test or multiple CAD risk
factors with normal imaging. On the other hand, a nor-
mal response (brachial artery dilation > 10%) was pre-
dictive of a normal stress test (38 of 40); 21 of 23 sub-
jects with a positive nuclear exercise test had flow-medi-
ated dilation (FMD) < 10%. Kuvin et al suggest that
while further investigations are indicated, brachial artery
flow mediated dilation may be a useful screening test in
low-risk individuals, in whom a normal response (>
10%) might make exercise testing unnecessary.  

What is the Cause of Flow Mediated Dilation? A
study by Silber and colleagues demonstrated that vascu-
lar wall shear stress is the primary determinant of arterial
flow mediated vasodilation induced by peak hyperemia
in normal subjects using phase-contrast magnetic reso-
nance angiography. Endothelial vasodilator responses
were linearly related to the stimulus. Smaller arteries had
proportionally more dilation than larger arteries. The
study was previously reported at the 2000 American
College of Cardiology Scientific Symposium. This is an
important observation because it demonstrates that flow
mediated vasodilator responses are linearly proportional
to systolic wall shear stress, which appear to be greater
in small arteries. Silber et al suggest that this technique
may further improve our ability to noninvasively use
endothelial vasomotor testing to differentiate normal
from abnormal responses. 

■ COMMENT BY JONATHAN ABRAMS, MD
In 1991, I wrote an editorial entitled, “Should Cardi-

ologists be Endotheliologists?”—that question is no
longer arguable. It is imperative that clinicians who deal
with cardiovascular disease and its prevention become
familiar with some of the large amount of information
that has accumulated regarding endothelial function. The
fact that a single issue of a major cardiology journal
should have so many reports dealing with endothelial
vasomotor function attests to the importance of this sub-
ject. However, there are several cautionary notes:
• Improvement in endothelial vasomotor function

responses to a given therapy may or may not predict
the results of large, randomized trials. Thus, one finds a
positive correlation between endothelial function
assessment with lipid lowering and the use of
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angiotensin-converting enzyme inhibitors and impor-
tant trials using these compounds (4S, CARE, LIPID,
etc, as well as HOPE). On the other hand, there are
many positive reports using endothelial testing with
estrogen or hormone replacement therapy in post-
menopausal women, and even more studies using  vita-
min C and or vitamin E in a variety of conditions; in the
aggregate, these demonstrate improvement in vasodila-
tor responses. However, the existing clinical trial data-
base with estrogen or antioxidant vitamins has been
disappointing, and today one cannot advocate either
adjunctive therapy for patients at risk for or having vas-
cular disease. Furthermore, the report by Stein et al
indicates that other factors, such as advanced age and
other CAD risk factors, are variables that may impor-
tantly modulate the endothelial responses to a specific
intervention, such as statin therapy. 

• What is the gold standard for endothelial testing? A
variety of techniques are used, most commonly fore-
arm occlusion with assessment of brachial artery
diameter by ultrasound. Some studies rely on forearm
blood flow or resistance measurements. In addition to
the brachial artery, the coronary arteries have been
frequently assessed with acetylcholine or, less often,
bradykinin stimulation, but these invasive tests cannot
be practically repeated. Also, there is no standardiza-
tion of equipment, methodology, or consensus as to
the level of vasodilation that is “normal” or abnormal. 
Does it make a difference? The few prospective stud-

ies that have been reported to date, correlating baseline
endothelial vasomotor responses with subsequent clini-
cal events, are positive and suggest that such an
approach is predictive and can be used in clinical medi-
cine. Obviously, far more experience is necessary
involving many more subjects, with widespread agree-
ment upon the appropriate technique and responses for
endothelial response or serum markers. 

An increasing number of reports, none cited in this
discussion, are emerging assaying a variety of endothe-
lial derived compounds, such as plasminogen activator
inhibitor (PAI-1), TPA, adhesion molecules, etc. We do
not know whether measurements of abnormal endothe-
lial derived substances correlate with abnormal vasomo-
tor function. There may be marked discrepancies
between such markers and simultaneous vasomotor
functional testing, but there are no available data for
these important comparisons. Standardization of assays
and appropriate cut points for abnormal levels will be
essential. Futhermore, it is clear that in acute coronary
syndromes, endothelial activation can be readily docu-
mented with serum marker testing, but it is not so clear
as to whether such markers are predictive of outcomes in

chronic CAD.
In conclusion, it behooves the physician to be aware

of what is going on in this area but to also keep a
reserved and even skeptical attitude regarding results of
provocative small studies that have not yet been support-
ed by traditional randomized trials. Overall, this area of
research has made major contributions to our under-
standing of the physiology of vascular diseases, as well
as the preclinical state. Endothelial function testing may
indeed be ready for prime time!   ❖
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Life-Threatening Ventricular
Arrhythmias Due to Transient
or Correctable Causes: High
Risk for Death in Follow-Up
A B S T R A C T  &  C O M M E N T A R Y

Synopsis: Patients considered to have either a transient
or a correctable cause for life-threatening VT or VF
remain at high risk during follow-up.

Source: Wyse DG, et al. J Am Coll Cardiol. 2001;38:
1718-1724.

Wyse and colleagues from the antiarrhyth-
mics vs. Implantable Defibrillators (AVID) study

analyzed survival data for patients who were initially
identified by the AVID investigators as having ventricu-
lar tachycardia (VT) or ventricular fibrillation (VF) asso-
ciated with a transient or correctable cause. 

The AVID trial was a study that compared antiar-
rhythmic drug therapy to defibrillator implantation as
primary therapy in patients with either cardiac arrest or
hypotensive VT. In addition, investigators at the 56 clini-
cal sites were requested to screen patients with sustained
VT or VF at their hospital and include them in a registry
even if they were not eligible for randomization or
refused enrollment. One of the exclusion criteria was VT
or VF caused for identified factors believed to be tran-
sient or reversible in nature. Examples of such reversible
causes included a new Q wave or non-Q wave myocar-
dial infarction (MI), an acute ischemic event without
infarction, a proarrhythmic drug reaction, severe elec-
trolyte imbalance, or other situations including illicit
drug use, hypoxia, electrocution, or drowning. In this
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paper, Wyse et al compare outcomes in patients who had
an out-of-hospital episode of sustained VT or VF that
was reported as being due to a transient or correctable
cause to other patients with sustained arrhythmias who
were included in the trial and registry.

During the course of the trial, 4450 patients were
entered in the registry. Only patients whose index
arrhythmias occurred out-of-hospital were included in
this analysis. Patients who were in the randomized por-
tion of AVID were seen in follow-up by the study investi-
gators. Mortality data for the patients in the nonrandom-
ized portion of the study were obtained using the Nation-
al Death Index Service. There were 2013 registry patients
who had out-of-hospital sustained VT or VF that was not
thought to be due to a transient or correctable cause,
called “primary VT/VF” and 278 patients with VT or VF
thought to have a transient or correctable cause. 

An acute ischemic event, including a new MI, was the
most common reversible cause identified in 183 of 278
patients (66%). Electrolyte imbalance (27 patients,
9.7%), antiarrhythmic drug reactions (18 patients,
6.5%), and miscellaneous causes (50 patients, 17.9%)
were the other reversible causes identified. Patients with
VT or VF thought due to reversible causes tended to be
slightly younger and have better ejection fractions than
did the other patients. The patients with primary VT or
VF also less frequently had histories of MI, congestive
heart failure, prior revascularization, or prior arrhyth-
mias. When cumulative survival was measured, there
was no difference in survival between the patients with
transient vs. primary VT/VF. However, because of base-
line imbalances between the 2 groups, survival was
adjusted for 5 variables known to affect survival (age,
ejection fraction, coronary artery disease, prior coronary
artery bypass grafting, and use of aspirin). After adjust-
ment, survival in the group with transient causes was
actually worse than among those with primary VT and
VF. Wyse et al however noted that the local investigators
were also uncertain about the reversible nature of the
causes of VT and VF in their patients. Forty-six percent
of these patients were on either an antiarrhythmic drug
or had received defibrillator at the time of discharge. 

Wyse et al concluded that patients considered to have
either a transient or a correctable cause for life-threaten-
ing VT or VF remain at high risk during follow-up. This
high mortality risk argues for aggressive therapy direct-
ed at the potentially reversible causes, but it also argues
for ICD implantation should corrective therapy fail.

■ COMMENT BY JOHN P. DiMARCO, MD, PhD
There are many uncertainties involved in the evalua-

tion of patients resuscitated with life-threatening ventric-

ular arrhythmias. Ischemia, electrolyte imbalance, other
electrophysiologic abnormalities (preexcitation), etc,
may all serve as triggers for potential arrhythmias. How-
ever, most patients with VT or VF also have an abnormal
substrate that makes them susceptible to recurrence
under a variety of circumstances. This paper points out
that identical or similar triggers for arrhythmia are likely
to occur in many patients and simply directing therapy at
a single identified trigger may not be sufficient.

There clearly are some patients who have a completely
reversible cause for a cardiac arrest. The patient with
Wolff-Parkinson-White syndrome who develops rapid
preexcited AF with rapid rates, which then degenerates to
VF, would be one example. A procedure to ablate the
accessory pathway should completely eliminate the risk
of recurrence. A patient with normal baseline ventricular
function who arrests with ischemic chest pain during exer-
cise and is then completely revascularized is also unlikely
to require long-term antiarrhythmic therapy. In most
patients, however, there is an abnormal underlying sub-
strate due to either coronary disease or myocardial dis-
ease, and if this disease is severe, either the same trigger or
another trigger may occur and again result in VT or VF.

This paper underlines the need for a comprehensive
evaluation for patients with arrhythmias who are resusci-
tated from a life-threatening arrhythmia. They require a
comprehensive evaluation that is directed to both pre-
vention of transient events that trigger arrhythmias as
well as some long-term antiarrhythmic strategy for all
except the lowest-risk patients. At the present time,
defibrillator therapy provides the most beneficial protec-
tion for most of these individuals.   ❖

CME Questions
5. In older obese individuals, echo-Doppler derived pulmonary

artery systolic pressure may be as high as:
a. 25 mm Hg.
b. 30 mm Hg.
c. 35 mm Hg.
d. 40 mm Hg.

6. The highest rate of major adverse cardiac events was observed
in which of the following treatment groups?
a. Low C-reactive protein and statin therapy
b. High C-RP and statin therapy
c. Low C-RP without statin therapy
d. High C-RP without statin therapy

7. Atrial fibrillation in patients with hypertrophic 
cardiomyopathy:
a. is common.
b. increases the risk of heart failure.
c. increases the risk of stroke.
d. All of the above
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