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Current Perspectives on Methods for Predicting Risk of Sudden Cardiac Death

Dong-Gu Shin, MD
Division of Cardiology, Internal Medicine, College of Medicine, Yeungnam University, Daegu, Korea

ABSTRACT

Sudden cardiac death (SCD) remains a preeminent public health problem. Identification of high-risk patients,
susceptible to SCD, is essential for the successful prophylactic therapy. The majority of such sudden deaths
are preceded by fatal ventricular arrhythmias, mainly as a result of ischemic heart diseases. This article is
intended to describe the methods of prediction, the results and limitations of the currently used methods. The
current measures available for screening of high-risk patients, such as demographic variables, left ventricular
contractile function, ventricular ectopy by Holter monitoring, late potentials by signal-averaged ECG, heart
rate variability, QT dispersion and even electrophysiologic testing, have limited sensitivity, and specificity,
and are only helpful in a minority of patients already at high-risk. The predictive value of each method is
modest, even when several predictors are combined. As a result, the effect on the cumulative incidences of
SCD, in the population at large, have been relatively small, as the majority of SCD occurs in patients who do
not have the characteristics leading to their inclusion in trials of implantable defibrillators. A challenge for the
future will be the development of new approaches, or techniques, which will allow screening for markers of
increased risk of fatal ventricular arrhythmias in large general populations, of which the relative risk is low,
but the number of deaths, due to arrhythmias, are high. Incidences of coronary artery diseases, one of the most
important causes of sudden cardiac death, including acute myocardial infarction, have recently grown expone-
ntially in Korea. Therefore, there is a need to develop our own risk stratification strategy by searching for new
tools for the prediction, and refinement, of existing tools. (Korean Circulation J 2002532 (8):637-645)
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Fig. 1. Pathophysiology and epidemiology of sudden death from cardiac causes. Modified from Huikuri et al.2)
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Fig. 2. The incidence of sudden death in specific populations and the annual numbers of sudden deaths in those
populations. Most of the deaths occur in the larger, lower-risk subgroups. Adapted from Myerburg et al.!)
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Table 1. Indicators of an increased risk of sudden death from arrhythmia

Variable Measure Predictive power

Conventional coronary risk factors Risk of underlying disease Low power to discriminate the individual
person aft risk for sudden death
from arrhythmia

High cholesterol
High blood pressure
Smoking

Diabetes

Clinical markers Extent of structural diseases  High power to predict death from cardiac
causes relatively low specificity as pred-
ictors of death from arrhythmia

NYHA functional class
Ejection fraction

Ambient ventricular arrhythmias Presence of transient triggers Low overall power if not combined with
other variables
Frequency of premature ventricular Higher predictive power, with low ejection
depolarizations fraction

Nonsustained ventricular tachycardia

Sustained ventricular tachycardia
Electrocardiographic variables Presence of electrical
abnormalities
Standard ECG Low power to predict death from
arrhythmia

Left ventricular hypertrophy
Width of QRS complex

QT dispersion

Specific abnormalities(e.g., prol- High degree of accuracy in identifying
onged QT interval, right bundle- specific electrical abnormalities
branch block plus ST-segment
elevation in lead V, [Brugada
syndrome], ST-segment and T-
wave abnormalities in leads V1
and V2 [right ventricular dyspla-
sia], delta waves [Wolf-Parkinson-
White synodrome])

High-resolution ECG

Late potentials on signal-averaged High negative predictive value but low

electrocardiography positive predictive value.
Primary predictive value unknown

T-wave alternans

Markers of autonomic nervous fun- Presence of conditioning Exact predictive value unknown
ction factors

Heart rate variability

Baroreflex sensitivity
Electrophysiological testing Presence of permanent High degree of accuracy in specific high
substrate for ventricular risk subgroups
arrhythmias
Inducibility of sustained tachyarr-
hythmia by programmed elec-
frical stimulation
NYHAO New York Heart Association
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Table 2. Independent predictive value of risk factors for mortality at 2 years in patients surviving 45 days after MI.4)

All-cause mortality

Arrhythmic mortality

Risk factors

HR (95% C.I) p HR (95% C.I) p

Age (10 yr) 1.41 (1.26—1.57) <0.001 1.28 (1.08— 1.52) 0.005
Males 1.25 (0.99-1.58) 0.06 1.62 (1.10— 2.38) 0.01
Smoker (current or ex-) 1.25 (0.96—1.62) 0.1 1.04 (0.70— 1.53) 0.9
Previous Ml 1.63 (1.33-1.99) <0.001 1.70 (1.25— 2.30) 0.001
Hx of hypertension 1.35 (1.08-1.67) 0.006 1.70 (1.23— 2.34) 0.001
Hx of angina 1.63 (1.31-2.04) <0.001 1.59 (1.13- 2.23) 0.007
Diabetes 1.29 (1.01-1.64) 0.004 1.30 (0.89— 1.88) 0.2
Systolic BP (by 10%) 0.91 (0.85-0.97) 0.002 0.84 (0.77- 0.92) <0.001
Heart rate (by 10%) 1.14 (1.08-1.21) <0.001 1.12 (1.03- 1.22) 0.009
NYHA (compared with level 0) <0.001 0.01

| 1.41 (0.83-2.39) 1.72 (0.80— 3.73)

Il 2.18 (1.30-3.67) 2.77 (1.28— 6.01)

Il 2.70 (1.53—4.75) 3.21 (1.38— 7.47)

I\ 3.86 (1.86—8.02) 3.53 (1.09-11.45)

Q-wave 0.68 (0.55—0.84)

Atrial fibrillation 0.90 (0.66—1.23)

<0001 0.67 (0.49— 0.92) 001
05 0.99 (0.60— 1.63) 099

MIO myocardial infarction, HRO hazard ratio, BPO blood pressure, NYHAO New York Heart Association

Table 3. Rate of death for each mode of mortality at various dichotomy limits of LVEF

EF N

Rate (%) per person-year (total events)

All-cause Arrhythmic Cardiac
<20 (%) 193 23.1 (%) 9.4 (%) 10.6 (%)
21-30 (%) 881 17.5 (%) 7.7 (%) 6.3 (%)
31-40 (%) 1432 6.8 (%) 3.2 (%) 2.2 (%)

LVEFO left ventricular ejection fraction, EFO ejection fraction
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Table 4. Sensitivity and specificity for predicting arrhythmic events after Ml

Study N Criteria Sensitivity (%)  Specificity (%)
Farrell et al 416 PVCs=10/h 54 82
McClements and Adgey 301 PVCs>10/h or repetitive 42 74
Richards et al 358 PVCs=60/h or repetitive 82 40

MIO myocardial infarction
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Fig. 3. Propertion of patients with various heart diseases
who have ventricular arrhythmias induced with progra-
mmed ventricular stimulation at the time of electrophy-
siologic study. CADO coronary artery disease, SMVTO
sustained monomorphic ventricular tachycardia, HCMO
hypertrophic cardio-myopathy, DCMO dilated cardio-
myopathy.
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Table 5. Recommendations for risk stratification for su-
dden cardiac death myocardial infarction and heart
failure4

Recom- Level of
mendations evidence
Demographic variables Class I A*
Left ventricular ejection fraction  Class | A
Heﬂc;rl goeTneSi;/i\c/JirTlsblllfy or barore- Class | A
Left ventricular volume Class | A
Ventricular premature beats Class lla A
N?:nos:J(jiTglned ventricular tachy- Class lla A
Resting heart rate Class lla A
Late potential Class llb A
QT interval Class lIb B
T wave alternans Class lib B
Heart rate furbulence Class lib B
Patency of infarct related artery  Class llb B
QT dispersion Class |l B
Electrophysiological study Class llb A

*0level of evidence A, data derived from multiple
randomized clinical trials or meta-analysis/Level of
evidence B, data derived from a single randomized
frial or nonrandomized studies, T O Class |, conditions
for which there is evidence and/or general agreement
that a given procedure (or risk strafification paramen-
ters) is useful and effective, Class Il, conditions for which
there is conflicting evidence and/or a divergence of
opinion about the usefulness/efficacy of the proce-
dure or treatmen, lla, weight of evidence/opinion is
in favour of usefulness/efficacy, llb, usefulness/efficacy
is less well established by evidence or opinion. Class
lll, conditions for which there is evidence or general
agreement that the procedure/treatment is NOT use-
ful/effective

0 00000 0 0000 000 000000 00
0 000 0000 0O00.0000 000 00 0O
0 0000 00 00 0000 000000 00 O
0000000 0000 00 O0.

00000 000000 000 000,000 0 0
0 0000 000 000 00,000 0000 0O
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