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Aims Silent electrocardiographic ST change predicts future coronary events in patients with coronary heart disease (CHD),
but the prognostic significance of asymptomatic ST-segment depression with respect to sudden cardiac death in sub-
jects without apparent CHD is not well known.

Methods
and results

We investigated the association between silent ST-segment depression during and after maximal symptom-limited
exercise test and the risk of sudden cardiac death in a population-based sample of 1769 men without evident
CHD. A total of 72 sudden cardiac death occurred during the median follow-up of 18 years. The risk of sudden
cardiac death was increased among men with asymptomatic ST-segment depression during exercise [hazard ratio
(HR) 2.1, 95% confidence interval (CI) 1.2–3.9] as well as among those with asymptomatic ST-segment depression
during recovery period (HR 3.2, 95% CI 1.7–6.0). Asymptomatic ST-depression during exercise testing was a stron-
ger predictor for the risk of sudden cardiac death especially among smokers as well as in hypercholesterolaemic and
hypertensive men than in men without these risk factors.

Conclusion Asymptomatic ST-segment depression was a very strong predictor of sudden cardiac death in men with any conven-
tional risk factor but no previously diagnosed CHD, emphasizing the value of exercise testing to identify asympto-
matic high-risk men who could benefit from preventive measures.
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Introduction
It is known that coronary heart disease (CHD) may develop during
the decades without typical symptoms and thus early recognization
of vulnerable CHD would be very difficult. Clinical studies have
been largely unsuccessful in identifying specific markers of
sudden cardiac death risk in the general population.1,2 Although
the fundamental role of CHD as an underlying cause has been
described, the prediction of sudden cardiac death in population
has been difficult. The common cardiovascular risk factors and
some other risk markers play a role in the aetiology of sudden
cardiac death.2 However, in asymptomatic population, many of

these markers may be uncommon findings. Accordingly, one of
the most vexing issues remains the early identification of individuals
at highest risk, especially subset of patients with sudden cardiac
death without overt signs, symptoms or previous evidence of
heart disease.

It is suggested that exercise testing may be recommended
among those with the presence of at least one conventional risk
factor.3– 5 Careful selection of the population for the finding of
exercise-induced silent ischaemia is necessary to achieve its
maximal clinical utility. Exercise-induced myocardial ischaemia is
known to increase the risk of future coronary events not only in
patients with CHD6,7 but also in individuals with no previously
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diagnosed CHD.5,8 However, there is lack of data on the prognos-
tic importance of silent ischaemic ST-changes in totally asympto-
matic subjects without history of CHD, although it is proposed
that silent ischaemia negatively affects prognosis.9,10 Some
studies11,12 have indicated that symptomatic ischaemia is a stronger
risk factor for future CHD events, whereas other studies7,13,14

have suggested that asymptomatic ST-change has a similar prog-
nostic value in these patients. There are no data showing that pain-
less ischaemic ST-change during and after exercise would have
prognostic significance with regard to the risk of sudden cardiac
death in persons without evident CHD. The likelihood to detect
myocardial ischaemia by exercise testing is known to increase
with increasing pre-test probability of CHD.8,15– 17 Nonetheless,
little is known if asymptomatic ST-depression may be related to
the risk of sudden cardiac death in high-risk individuals. We there-
fore investigated the prognostic significance of asymptomatic
ST-depression during and after exercise with regard to the risk
of sudden cardiac death in a population-based sample of
middle-aged men without evident CHD.

Methods

Subjects
This study was designed to investigate risk factors for CHD in a
population-based sample of men from eastern Finland. Subjects were
randomly selected sample of 3433 men aged 42–60 years, who
resided in the town of Kuoio or its surrounding rural communities,
198 were excluded because of death, serious disease, or migration.
Of the remainder, 2682 (83%) participated in the study. Baseline
examinations were conducted between March 1984 and December
1989.

Men who had symptoms suggestive of prevalent CHD at the base-
line (n ¼ 888) and for whom exercise stress test was not performed
due to severe cardiovascular disease (n ¼ 25) were excluded
from the study. Prevalent CHD was defined as either a history of
myocardial infarction or angina pectoris, angina pectoris on effort,
the use of nitroglycerin for chest pain once a week or more fre-
quently, or chest pain as a cause of stopping exercise stress test at
baseline. Thus, the present study is based on 1769 men who had
completed data on electrocardiographic recordings during and after
exercise.

Exercise electrocardiography
A maximal symptom-limited exercise stress test was performed using
an electrically braked bicycle ergometer between 8:00 and 12:00 A.M.
Maximal oxygen uptake was measured directly using a respiratory gas
analyser, as explained previously.18 Also, heart rate and blood pressure
were registered during the exercise test.

Electrocardiography was recorded continuously with the Kone 620
electrocardiograph (Kone, Turku, Finland). Electrocardiography was
printed every 30 s intervals during exercise and at least 5 min of recov-
ery while the subject was sitting on the bicycle. Asymptomatic
ST-depression during exercise and after 5 min of recovery was
defined as ischaemia in the electrocardiography without typical chest
pain indicating CHD. The criteria for ischaemia in electrocardiography
during exercise and recovery were horizontal or down-sloping
ST-depression 1.0 mm at 80 ms after J point or any ST depression of
more than 1.0 mm at 80 ms after J point.5

Assessment of other risk factors
The collection of blood specimens19 and the measurement of serum
lipids and lipoproteins20 have been described elsewhere. Assessment
of smoking, alcohol consumption, and blood pressure was carried
out as described previously.18,19 Serum C-reactive protein was
measured with an immunometric assay (Immulite High Sensitivity
C-reactive protein Assay, DPC, Los Angeles, CA, USA). Body mass
index was computed as the ratio of weight in kilograms to the
square of height in meters. Type II diabetes was defined as fasting
serum glucose of over or equal to 6.1 mmol/L or a clinical diagnosis
of diabetes with either dietary, oral or insulin treatment. The European
Systematic Coronary Risk Evaluation (SCORE) was calculated as an
estimation of 10 year risk of fatal cardiovascular event, on the basis
of age, gender, total cholesterol concentration, systolic blood pressure,
and current smoking status.

Classification of sudden cardiac death
All deaths that occurred by the end of 2005 were checked from the
hospital documents and death certificates. There were no losses to
follow-up. CHD deaths were coded using to the Ninth International
Classification of Diseases codes (410–414 for non-sudden myocardial
infarction death, for sudden cardiac death 798.1) or the Tenth Inter-
national Classification of Diseases codes (I20–I25 for non-sudden
myocardial infarction death, for sudden cardiac death I46). Data on
sudden cardiac deaths and coronary events collected from hospitals
and wards of health centres and classified the outcome events.21

The sources of information were interviews, hospital documents,
death certificates, autopsy reports, and medico-legal reports. The diag-
nostic classification of coronary events was based on symptoms, elec-
trocardiographic findings, cardiac enzyme elevations, autopsy findings
(80%), and history of CHD. The assessment of outcomes was
blinded to the results of the exercise test.

Sudden cardiac death was defined as sudden unexpected arrest of
presumed cardiac origin without traumatic nature of death. The
arrest should have occurred within 24 h after onset of any symptoms
that could retrospectively be interpreted as being cardiac origin.
Sudden death was defined as natural death occurring within 24 h
onset of symptoms. Deaths that were occurred unwitnessed during
the night-time, such as being found dead in bed, were classified as
those whose death occurred 24 h from the symptoms. The deaths
like aortic aneurysm rupture, cardiac rupture or tamponade, and pul-
monary embolism were not included as sudden cardiac death.

Statistical methods
Differences in baseline variable between men with and without asymp-
tomatic ST-depression during exercise were analysed using Student’s
t-test and the x2 test. Cox proportional-hazard regression model was
used to examine the association between asymptomatic ST-depression
and the risk of sudden cardiac death. Forced Cox proportional-hazards
models were adjusted for age and other risk factors, which were
selected on the basis of their previously established role as a well-
defined predictive factor on the basis of overall evidence and available
data. Thus, risk factors or covariates were chosen based on their
clinical relevance. If possible, confounding factors were entered uncate-
gorized into the Cox models. The proportional hazards assumption was
verified for all variables by inspection of the plots of Schoenfeld residual
for covariates. The linearity assumption was satisfied for all continuous
variables, and it was assessed with Martingale residuals for each continu-
ous variable against survival time (or time to event). The cumulative inci-
dence of sudden cardiac death by the presence of asymptomatic
ST-segment depression was calculated using the Kaplan–Meier
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method. The modification of the prognostic value of asymptomatic
ST-depression by the major CHD risk factors was analysed by compar-
ing smokers and non-smokers, men with high (�3.9 mmol/L, median)
and low (,3.9 mmol/L) serum low-density lipoprotein cholesterol
and men with high (�132.3 mmHg, median) and low (,132.3 mmHg)
systolic blood pressure. Additionally, the interaction term was included
in the Cox model when analysing the modification between asympto-
matic ST-depression and risk factor of interest. All tests for statistical
significance were two-sided. A value of P , 0.05 was considered
significant. All statistical analyses were performed using SPSS 14.0
for Windows.

Results

Baseline characteristics
Baseline characteristics in men with and without asymptomatic
ST-segment depression during exercise are shown in Table 1.
Serum low-density lipoprotein cholesterol, systolic blood pressure,
and maximal heart rate were higher and body mass index was
lower in men with asymptomatic ST-segment changes during exer-
cise. Similar differences were observed in men with and without
silent ST-segment changes from exercise to recovery.

The most common reasons for stopping the exercise test
were leg fatigue (1021 men), exhaustion (298 men), breathless-
ness (245 men), and pain in the leg muscles, joints, or back (77
men). The test was discontinued because of cardiorespiratory
symptoms or abnormalities in 120 men. These included ventricular
arrhythmias (60 men), an abnormal change in systolic or
diastolic blood pressure (44 men), dizziness (9 men), or ischaemic

electrocardiographic changes (over 3 mm horizontal or down-
sloping ST depression) (7 men). Exercise-induced ventricular con-
duction disorders were observed in 5 men, one of whom also had
asymptomatic ST-depression during exercise but not during
recovery.

Asymptomatic ST-changes during
exercise testing
There were 189 (10.7%) men with asymptomatic ST-depression
during exercise and 54 (3.1%) men with asymptomatic ST-changes
after exercise. Painless ischaemic electrocardiographic ST-change
during exercise was observed in 9.6% (n ¼ 51) of smokers, in
12.3% (n ¼ 110) of hypercholesterolaemic men, and in 12.4%
(n ¼ 107) of hypertensive men. Painless ST-depression after exer-
cise was recorded in 2.8% (n ¼ 15) of smokers, in 3.3% (n ¼ 30) of
hypercholesterolaemic men, and in 4.0% (n ¼ 35) of hypertensive
men.

Numbers of outcome events during
follow-up
The median follow-up time to death or the end of follow-up was
18.7 years (interquartile range 17.1–20.3 years). There were 102
CHD deaths, 72 of which were due to sudden cardiac death
within 24 h after onset of symptoms. A total of 63 sudden
cardiac death (87.5%) occurred out-hospital conditions, and 42
(66.7%) of these deaths were due to documented ventricular
tachycardia or fibrillation.

Thirteen men (6.9%) out of 189 men with asymptomatic
ST-depression during exercise and 59 (3.7%) out of 1580 men
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Table 1 Baseline characteristics of the study population

Men with no
ST-depression during
exercise (n 5 1580)

Men with silent
ST-depression during
exercise (n 5 189)

P-value for
statistical significance

Mean (SD) Mean (SD)

Age (years) 52.2 (5.3) 52.7 (5.2) 0.17

Body mass index (kg/m2) 26.8 (3.4) 26.0 (3.1) 0.002

Smokers (%) 30.2 27.1 0.36

Cigarette smoking (pack-years)a 7.99 (16.2) 5.91 (13.1) 0.05

Alcohol consumption (g/week) 76.3 (119.9) 63.9 (84.5) 0.07

Diabetes (%)b 4.0 4.2 0.87

Serum low-density lipoprotein cholesterol (mmol/L) 3.99 (0.99) 4.15 (0.94) 0.02

Serum high-density lipoprotein cholesterol (mmol/L) 1.31 (0.30) 1.30 (0.27) 0.83

Systolic blood pressure (mmHg) 133.6 (16.0) 137.3 (17.4) 0.006

Diastolic blood pressure (mmHg) 89.1 (10.3) 88.6 (10.3) 0.60

C-reactive protein (mmol/L) 2.11 (3.32) 2.10 (3.63) 0.97

Resting heart rate (beats/min) 62 (11) 62 (10) 0.78

Maximal heart rate during exercise test (b.p.m.) 160 (21) 165 (17) 0.001

Maximal oxygen uptake (mL/min)c 2534.8 (585.4) 2476.9 (585.4) 0.20

Exercise capacity (METs) 9.2 (2.1) 9.1 (2.0) 0.67

aPack-years denotes the lifelong exposure to smoking that was estimated as the product of years smoked and the number of tobacco products smoked daily at the time of
examination.
bDiabetes was defined as fasting blood glucose of �6.1 mmol/L or a clinical diagnosis of diabetes with dietary, oral, or insulin treatment.
cExercise capacity was measured directly during exercise test using a respiratory gas analyser.
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without ischaemic ST-changes had a sudden cardiac death during
follow-up. The respective numbers were eight (14.8%) out of 54
men with silent ST-depression during recovery, and 64 (3.7%)
out of 1715 men without ischaemic ST-changes had a sudden
cardiac death during follow-up.

Hazard ratios of sudden cardiac death in
men with asymptomatic ST-depression
The strongest risk factors for sudden cardiac death were smoking,
systolic blood pressure, body mass index, exercise capacity, and
asymptomatic ST-depression when adjusted for other risk factors
(Table 2).

Men with asymptomatic ST-depression during exercise had a
2.1-fold risk of sudden cardiac death and a 2.5-fold risk of CHD
death compared with men without silent ischaemia after adjus-
ting for conventional risk factors (Table 3). Asymptomatic ST-
depression was associated with a 3.2-fold risk of sudden cardiac
death. The cumulative hazard curves for sudden cardiac death
continued to diverge during the follow-up period (Figure 1). The

adjusted risk of all-cause death was also increased among those
with asymptomatic ST-depression during [hazard ratio (HR) 1.4,
95% confidence interval (CI) 1.0–1.9, P ¼ 0.041] and after exercise
(HR 1.5; 95% CI 1.1–2.1; P ¼ 0.013).

Interactions of asymptomatic
ST-depression with conventional
coronary risk factors and type II diabetes
Asymptomatic ST-depression during exercise had a stronger
association with the risk of sudden cardiac death in smokers and
in hypertensive and hypercholestrolemic men than in men
without such risk factors (Figure 2). Additionally, among those
with type II diabetes with the presence of asymptomatic
ST-depression during exercise had very high risk of sudden
cardiac death (HR 8.2; 95% CI 2.4–28.3; P ¼ 0.001). The inter-
action term between asymptomatic ST-depression during exercise
and type II diabetes was significant (P ¼ 0.026) as well as the inter-
action between asymptomatic ST-changes after exercise and
smoking was significant (P ¼ 0.028) when the interaction term
was included in the Cox model with the risk factors of interest.
Asymptomatic ischaemic ST-changes after exercise had a strong
association with the risk of sudden cardiac death with the presence
of risk factors (HR 10.9, 95% CI 4.4–27.3, P , 0.001 for smokers;
HR 4.5, 95% CI 1.7–11.8, P ¼ 0.003 for hypercholesterolaemic
men; and HR 5.0, 95% CI 2.1–11.9, P , 0.001 for hypertensive
men). All of these associations were statistically non-significant in
men without any conventional risk factors.

The risk related to asymptomatic ST-segment depression during
exercise was increased with the presence of conventional risk
factors as defined by European risk SCORE method. Men with
asymptomatic ST-depression during exercise with the presence
of high SCORE of at least 5% had an elevated risk of CHD
death (HR 3.5, 95% CI 1.4–8.8, P ¼ 0.010) whereas among
those with asymptomatic ST-depression with SCORE result indi-
cating low risk (,5%) had also an increased risk CHD death
(HR 1.9, 95% CI 1.9–3.3, P ¼ 0.021).

Discussion
The present prospective study demonstrates that asymptomatic
ST-segment depression in electrocardiography during and after
exercise predicts unexpected sudden cardiac death in middle-aged
men without evident CHD. A main finding was that exercise-
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Table 2 Strongest risk factors for sudden cardiac death
among asymptomatic men

Hazard
ratioa

95% CI P-value

Cigarette smoking
(per 10 pack-years)b

1.31 1.18–1.46 ,0.001

Systolic blood pressure
(per 10 mmHg)

1.24 1.10–1.40 0.001

Body mass index (per 5 kg/m2) 1.42 1.00–2.03 0.050

Maximal oxygen uptake
(per 100 mL/min)c

0.95 0.90–1.00 0.052

Asymptomatic ST-depression
during exercise (yes vs. no)

2.12 1.15–3.90 0.016

aHazard ratios are adjusted also for age, alcohol consumption, diabetes, C-reactive
protein, and serum low- and high-density lipoprotein cholesterol in a forced
multivariable Cox model. Sudden cardiac death was defined when the arrest have
occurred within 24 h after onset of any symptoms.
bPack-years denotes the lifelong exposure to smoking that was estimated as the
product of years smoked and the number of tobacco products smoked daily at the
time of examination.
cExercise capacity was measured directly during exercise test using a respiratory
gas analyser.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 3 Risk of sudden cardiac death according to presence of painless ST-segment depression in an exercise
electrocardiogram in asymptomatic men

Risk factor Sudden cardiac death, 72 events Coronary Heart Disease Death, 102
events

Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value

Asymptomatic ST-depression during exercisea 2.13 (1.15–3.89) 0.015 2.47 (1.52–3.99) ,0.001

Asymptomatic ST-depression during recoverya 3.17 (1.68–5.96) ,0.001 4.01 (2.12–7.58) ,0.001

aEach variable was entered separately into a Cox model with age, cigarette smoking, systolic blood pressure, alcohol consumption, body mass index, maximal oxygen uptake,
diabetes, C-reactive protein, and serum low- and high-density lipoprotein cholesterol.
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induced ST-depression was a strong predictor of sudden cardiac
death particularly in men with an unfavourable coronary risk
factor profile including smoking, hypercholesterolemia, or
hypertension.

Painless myocardial ischaemia is a not uncommon finding and
increases the risk of future CHD death.22,23 Ischaemic
ST-depression in the absence of pain has been more common
than ST-depression with angina in daily life.24,25 In our study, we

observed that painless ischaemic ST-depression during exercise
was present in 10.7% of men. Some studies have shown that the
more frequent or progressive the anginal symptoms are, the
poorer the prognosis in patients with CHD.7,26 Other studies
have indicated that symptomatic and silent ischaemic ST-changes
are related to a similar prognosis in patients with documented
CHD.8,10,11 Therefore, as patients become increasingly selected
towards a higher a priori likelihood of developing CHD, there

Figure 1 Cumulative survival for sudden cardiac death among men with asymptomatic ST-depression (A) during exercise and (B) after exer-
cise. The cumulative survival curve I represents men with asymptomatic ST-depression and the curve II represents men without ischaemic
ST-changes.
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appears to be a tendency for chest pain to lose its significance as an
additional predictive factor.26

The prognostic value of silent myocardial ischaemia, as indicated
by exercise electrocardiographic findings, can vary most likely due
to different selection criteria for the subjects;7,12,17,27 some studies
have included only patients with CHD,8,10,11 whereas few studies
have included persons without signs or symptoms suggesting
CHD.5,17 It has been argued that the prognostic value of exercise
electrocardiography is low in totally asymptomatic persons
because of false-positive and -negative responders. However, in
asymptomatic individuals with a high pre-test probability of
CHD, e.g. in those with major coronary risk factors, the frequency
of false-positive test responses for myocardial ischaemia is signifi-
cantly lower than in those without coronary risk factors, which
diminishes the bias associated with false-positive responders (the
Bayes’ rule).12,28 This could be one explanation for our finding
that the association between silent myocardial ischaemia with
sudden cardiac death was stronger in high-risk groups.

It is not well known if ST-depression immediately after exercise
would have an adverse prognostic value with regard to cardiac
death in asymptomatic men.29–32 We found that asymptomatic
electrocardiographic findings that prolonged or developed during
recovery were associated with increased risk of sudden cardiac
death. Interestingly, painless ST-depression during recovery was
even more strongly related to sudden cardiac death than silent
myocardial ischaemia during exercise. This suggests that asympto-
matic ST-segment depression during post-exercise period could be
of pivotal clinical importance, and the prognostic value of exercise
testing can be improved by assessing ischaemic electrocardio-
graphic changes during recovery. It has been suggested that risk
assessment for primary CHD is enhanced by detection of

abnormal exercise electrocardiographic findings only in those
who had one or more conventional risk factor.12 In the present
study, men with asymptomatic ST-depression during exercise
testing had a substantially increased risk of sudden cardiac death,
especially if they had any conventional risk factor. The risk was
very high among men with silent ischaemic ST-change during
recovery and in the presence of any of these risk factors. The
finding was particularly evident among smokers.

Some previous studies have suggested that silent myocardial
ischaemia is a pathophysiological mechanism through which exer-
cise increases the occurrence of sudden cardiac death.15,16,33 One
explanation for this could be that painless ischaemia increases the
susceptibility to sudden plaque rupture, myocardial infarction, left
ventricular dysfunction, and ultimately fatal ventricular arrhyth-
mias.34 In our study, most of the men had documented ventricular
tachycardia or fibrillation before the onset of sudden cardiac
death, although the definition of ventricular arrhythmias is imposs-
ible for all out-hospitalized patients dying suddenly. The transient
impairment of coronary flow during and after exercise may be
caused by dynamic coronary stenosis as a result of epicardial coron-
ary constriction, endothelial dysfunction, spasm, and thrombo-
sis.24,25 Such brief episodes may be painless because the stimulus
is either inadequate or the pain usually appears quite late after the
onset of ischaemia.23,26 Furthermore, ischaemic ST-depression
during recovery may be due to elevated levels of plasma catechol-
amines during the post-exercise period, which could enhance myo-
cardial oxygen demand and fatal cardiac arrhythmias.31,35,36

One of the explanations for the stronger associations between
asymptomatic ischaemic ST-depression and sudden cardiac death
risk in men with conventional risk factors may be that
ST-depression is more likely due to true ischaemia in these men
than in those with no risk factors. Better quality of electrocardio-
graphic recording after exercise may be one explanation for the
strong association of asymptomatic ST-depression after exercise
with sudden cardiac death. The use of a smaller ST-depression
tends to attenuate the specificity of the ischaemic findings since
also other factors than myocardial ischaemia, such as hyperventila-
tion, electrolyte abnormalities, anaemia, ventricular hypertrophy,
and increased sympathetic activity are known to cause
ST-depression.17 One limitation of the present study is that we
were able to study only men, and thus our findings may be not
generalized to female populations. On the other hand, according
to our study, a total of 87.5% of all sudden cardiac events
(63 deaths) occurred out of hospital that makes the registration
of asymptomatic ST-changes in the prediction of sudden cardiac
death highly valuable. Despite recent advances in technology, sur-
vival from out-of-hospital sudden cardiac death remains low
throughout the word at about 5%.37

On the basis of our results we suggest that exercise testing pro-
vides a possibility to detect those high-risk patients by using widely
known non-invasive methods and the knowledge of common risk
factors. The big question is that should we test all individuals with
coronary risk factors who undergo exercise testing or only those
asymptomatic men with high-risk occupation and those who
start exercise training programme? Although the prognostic capa-
bility of screening exercise testing is established, its clinical value
for improving long-term outcome is not well documented.9

Figure 2 The hazard ratios (95% confidence intervals) of
sudden cardiac death in men with asymptomatic ST-depression
during exercise according to conventional risk factor levels.
Men without ischaemic ST-change during exercise was a refer-
ence group. Cut-off for systolic blood pressure was 132 mmHg
and for serum LDL-cholesterol 3.9 mmol/L. All hazard ratios
are adjusted for age, alcohol consumption, body mass index,
maximal oxygen uptake, diabetes, cigarette smoking, systolic
blood pressure, C-reactive protein, and serum low- and high-
density lipoprotein cholesterol, except the risk factor of interest.
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However, studies have demonstrated impressive incremental rela-
tive hazards for the synergistic combination of the standard exer-
cise test and risk factors.38,39 If screening could be performed in a
logical way to decide therapies, then the results should be applied
to preventive medicine policy. Evidence suggests that subjects at
highest risk of severe myocardial ischaemia, even in the absence
of symptoms, derive the greatest benefit from an aggressive diag-
nostic and therapeutic approach. It is suggested that anti-ischaemic
drug therapy and aspirin among patients without CHD history but
silent exercise ST-depression can be recommended.40 Secondly, a
latest clinical trial suggests that optimal medical therapy combined
with healthy life-style changes is useful a strategy as compared with
invasive treatment in stable coronary artery disease.41 However,
among patients with recent myocardial infarction and obstructive
coronary artery disease, invasive therapy may me better than anti-
ischaemic drug therapy reducing the long-term risk of major
cardiac events.42 Finally, all risk factors should be carefully con-
trolled and treated among those with documented silent ischaemic
ST-changes.

Asymptomatic exercise-induced ST-segment depression was
a common finding in middle-aged men with no prior CHD,
and it was associated with greatly increased risk of sudden
cardiac death, especially in smokers, hypercholesterolaemic and
hypertensive men. The main clinical implication of our findings is
that painless ischaemic ST-depression defined by exercise electro-
cardiography is of significant prognostic marker for sudden cardiac
death when any conventional risk factors are present. This
community-based study emphasizes the usefulness of identifying
high-risk persons by exercise testing in greatest need of preventive
measures.
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Evidence of right coronary from mid-left anterior descending
coronary: a rare case of coronary anomalous origin
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A 53-year-old man with a familial history of CAD, a smoker, and
with a high LDL cholesterol was referred to our cardiology div-
ision for typical angina. Stress ECG and myocardial perfusion
scintigraphy were positive for an extended area of ischaemia
on the anterior left ventricle wall. We then performed a
coronary angiography showing normal left main originating
from the left sinus of valsalva. The left anterior descending
(LAD) showed a 90% stenosis after the second septal perfora-
tor, where an anomalous right coronary artery (RCA) arose.
The anomalous vessel coursed to the right, anterior to the pul-
monary artery and the right ventricular outflow tract (Panels A
and B). A dominant circumflex (CX) demonstrated mild irregu-
larities. Aortic root injection showed a single coronary artery
originating from the left coronary sinus (Panel C).

Considering the severity of the stenosis we perform, with
the protection of a guide wire in the anomalous RCA, a
balloon angioplasty and a sirolimus-eluting stent were
implanted on mild LAD with a TIMI 3 final flow (Panel D).

Anomalous origin of the RCA was described from various
sites including the pulmonary trunk, left ventricle, left main
coronary artery, and circumflex coronary artery. In the litera-
ture, there are only two cases of origin of the RCA from the mid-LAD. To our knowledge, this is the first case reporting a concomitant
presence of significant atherosclerotic stenosis with regard to anomalous origin of the RCA.

Panels A and B. Right oblique and left anterior oblique views of coronary artery angiograms demonstrating the anomalous origin of
the RCA from the mid-portion of the LAD, just next to a 90% LAD stenosis.

Panel C. Aortic root angiography revealed no coronary artery arising from the right coronary sinus.
Panel D. Right oblique view of coronary artery angiogram after PCI demonstrates resolution of the stenosis.
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