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ABSTRACT

Objectives: To determine the predictive value of the
ECG for sudden death in the general population. De-
sign: In the Copenhagen City Heart Study, a ran-
domly selected population sample in Copenhagen,
Denmark has been followed prospectively since 1976.
From this population sample, we analyzed ECGs of
individuals who had suffered sudden cardiac death
(SCD) before the age of 50 years and compared them
with ECGs of a randomly selected control individuals
from the same population sample. Specific ECG signs
that could point toward a condition associated with
a risk of SCD were noted. Results: From a total of
18,974 individuals in the cohort, 207 had died at an
age younger than 50 years. Among these, 24 persons
with SCD were identified. The most prevalent ECG
abnormality was QRS fragmentation. We found no

ECGs with long or short QTc, Brugada sign or WPW.

The prevalence of signs of left ventricular hyper-
trophy, early repolarization, or fragmentation was
not different from the prevalence of these signs in the
control group. Conclusion: In the Copenhagen City
Heart Study, the ECG failed to predict SCD in per-
sons who died before the age of 50 years.
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1. INTRODUCTION

Coronary heart disease is by far the leading cause of the
sudden cardiac death (SCD) and becomes more common
as age advances [1]. In the young, hypertrophic cardio-
myopathy (HCM), genetic arrhythmias and, to a lesser
extent, Wolf-Parkinson-White syndrome (WPW), con-
stitute a considerable proportion of the SCD causes [2-6].
Individuals with these diseases can be asymptomatic for
a long time and SCD can be their first presentation of
disease. For this reason, they are difficult to identify
among the general population. Nevertheless, even in the
asymptomatic persons, the ECG may show characteristic
signs of HCM [7], long QT-syndrome [8], short
QT-syndrome, arrhythmogenic right ventricular cardio-
myopathy (ARVC) [9] Brugada syndrome [10], early
repolarization, [11] or WPW [12]. As such, the ECG can
identify individuals at risk for SCD. However, ECG
screening in the general population is unproven and is
only performed in specific groups and for specific pur-
poses, such as employment, health insurance or partici-
pation in competitive sports. Therefore, the prevalence of
characteristic ECG changes of diseases that are associ-
ated with SCD in young persons is not well studied. In
the present study, we analyzed ECGs of individuals from
the general population who had died at a young age, with
particular emphasis on specific ECG changes that can
point toward a disease associated with a risk of SCD.

2. METHODS
2.1. Study Population

The study population consisted of participants in the
Copenhagen City Heart Study, details of which have
been described earlier [13,14]. In brief, the Copenhagen
City Heart Study is a prospective study of cardiovascular
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risk factors and diseases, which was started in 1976 with
the invitation of a random population sample of healthy
participants of either sex, aged 20 or above, from a well
defined area of the city of Copenhagen. The first survey
was carried out in 1976-1978. Of the 19,698 persons,
who were invited to participate, 14,223 accepted the in-
vitation. To date, three follow-ups of the Copenhagen
City Heart Study have taken place. At each follow-up,
the participants from the previous examinations, who
were alive and accepted the invitation, underwent the
examinations together with a supplement of new partici-
pants of young age. At the second examination in
1981-1983, 12,698 persons participated, at the third ex-
amination in 1991-1994, 10,135 participated, and at the
fourth examination, 2001-2003, 6238 persons partici-
pated. At each examination, a 12-lead ECG was recorded
in each participant. Follow-up was close to 100% by
means of public registers.

Each person in Denmark is provided with a unique
identification number upon birth or, if immigrant, upon
the date of entry in Denmark. This identification number
is used in the majority of public registers in order to
identify and store data about a single person. Two of the
public registers are the National Death Register, which,
among other data, includes the cause of death and the
National Patient Register. Each time a person in Den-
mark is hospitalized or is seen in an outpatient clinic, the
diagnose(s) for the particular disease(s) that were the
cause of the hospitalization or the visit are added to the
National Patient Register. In the present study, we se-
lected participants in the Copenhagen City Heart Study,
who had died before the age of 50. Using the above-
mentioned public registers and the identification number
we were able to track data about their cause of death and
about their health status while alive. For each index case,
we selected an age- and sex-matched control was se-
lected from the same population sample. Controls were
alive at least until the age of 50.

2.2. Definition of Sudden Cardiac Death

We based the definition of sudden cardiac death on a
combination of data from the National Patient Register
and from the National Death Register. First, we selected
all the individuals in the database of Copenhagen City
Heart Study that had died before the age of 50 years.
From these individuals we selected those, who had no
records in the National Patient Register or had only re-
cords of non-serious diseases. Finally, we looked at the
cause of death in the National Death Register for the
remaining individuals. Those individuals with a diagno-
sis of sudden death not attributed to trauma, a cere-
brovascular incident, suicide, drowning or drug overdose
were selected for the ECG analyses. As such the defini-
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tion of SCD in our study was: individual died before the
age of 50, with no records of serious disease and with no
clear established non-cardiac death diagnosis. The cause
of death in the death certificate was established by the
patient’s caring physician, the patient’s primary physi-
cian, or by the physician, who performed the autopsy.

2.3. ECG Analyses

Two cardiology fellows (JT and RP) examined the ECGs
together. In the individuals who had participated in more
than one examination, the most recent ECG was chosen.
We looked for specific ECG signs that could indicate
increased risk for life threatening arrhythmias and sud-
den cardiac death. Regarding HCM, we used the Soko-
low-Lyon criteria for left ventricular hypertrophy (sum of
S wave in V1 and R wave in V5 or V6 > 3.5 mV). We
calculated the corrected QT interval (QTc) using the
Bazett’s formula (QT interval divided by the square root
of the RR interval, both measured in seconds) [15]. As a
sign of ARVC we only looked for an epsilon wave [9].
For signs of Brugada syndrome we looked for coved or
saddleback configuration of the ST-segment in the leads
V1, V2 and V3 [10]. For signs of WPW configuration we
looked for a short PQ interval together with a delta wave.
Finally, we looked for signs of fragmentation in the QRS
complex defined as a slurring and slight prolongation of
the final portion of the QRS complex without necessarily
producing a broadening of the QRS complex [16]. Early
repolarization was defined as an elevation of the J point
at least 1 mm above the baseline level, either as QRS
slurring (a smooth transition from the QRS segment to
the ST segment) or notching (a positive J deflection in-
scribed on the S wave) in the inferior lead (II, III, and
aVF), lateral leads (I, aVL), and V3 to V6 [11]. Abnor-
mal T-waves were defined as negative, symmetric T
waves, at least 3 mm in depth in all leads, except in leads
IIT, aVR, V1 and V2.

In addition, we measured all the following intervals in
milliseconds: RR, P wave width, PQ and QRS width. All
the mentioned measurements from the case persons were
compared with the measurements from the control per-
sons. The two examiners had to agree whether a specific
sign was present on the ECG. The intervals were meas-
ured separately, with each examiner measuring all of the
ECGs.

The study was performed in a triple-blind fashion.
During the ECG selection, ECG analyzes and the data
processing the examiners were not aware of to which
group the ECGs belonged.

2.4. Statistical Analysis

Continuous variables are presented as means + standard
deviation (SD) and discrete variables as percent. For the
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comparison between continuous variables we used a
two-sided t test. For the comparison between discrete
variables we used the Fisher exact test. A two-sided p
value of less than 0.05 was considered to indicate statis-
tical significance.

3. RESULTS

Data about the selection mode of the deceased partici-
pants of the Copenhagen City Heart study, their death
diagnose and past medical history are presented in Table
1 and Figure 1. As of June 1, 2010 we identified 207
persons that had died before the age of 50. 143 persons
with records of chronic conditions in the National Patient
Register were excluded. From the remaining 64 persons,
32 had no medical records about past diseases from hos-
pitals or clinics in Denmark. The other 32 had medical
records of non-chronic conditions. Examples of the latter
were eye infection, appendicitis, fractures of the extremi-
ties, acute back pain. From this group of 64 persons, 24
individuals had suffered sudden death. The diagnoses in
the death certificates or autopsy reports in these indi-
viduals were as follows: 8 ischemic heart disease, 13
SCD, 2 unspecified heart disease (ICD 8 code 429.9),
and one unspecified acute heart failure (ICD 8 code
782.4).

Data about the latest ECG findings and measurements
are presented in Table 2. No parameters were different
between the case and the control groups. QRS fragmen-
tation was the most frequent finding in the two groups.
We found no WPW configuration and no Brugada sign in
the ECGs. We found an epsilon wave configuration in
only one of the ECGs, which belonged to a control per-
son. The longest QTc interval was 471 ms, the shortest

Total number
18974

207

Dead before the age of 50

241

was 360 ms. Examples of the ECGs are presented in
Figure 2.

The time of death from the first ECG registration var-
ied from one to seven years.

4. DISCUSSION

We analyzed ECGs of persons, who had died suddenly
before the age of 50. These persons belonged to a large
group chosen randomly from the general population,
which has been followed prospectively since 1976. In the
ECGs we looked specifically for signs that are related to
conditions with increased risk for SCD. None of the
ECGs signs were found more frequently in the case
group compared to the control group. Different explana-
tions may be possible for our findings.

First, we made the diagnosis of sudden death retro-
spectively, based on data from registries. Therefore, we

Table 1. Overview of general characteristics of individuals
studied.

Persons died before the age of 50 Number
Total 207
Excluded persons 143
Known chronic conditions

e Malignancy 47
e Alcohol or drug abuse 38
e Cardiovascular diseases 36
e Other 18
Trauma, suicide, homicide 4
No chronic conditions 32
Never hospitalized/seen in a clinic 32

With chronic conditions
143

No chronic conditions

32

Never hospitalized
32

Sudden death
24

Figure 1. Algorithm of selection of individuals who died before the age of 50 years.
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Table 2. Comparisons between individuals with SCD and controls.

Variable Case group Control group P value
Age (years) 45+5 45+5 0.9
Male sex, n (%) 17 (71) 17 (71) 0.9
Heart rate (bpm) 77+ 18 68 £ 12 0.05
P wave width (ms) 92+ 19 95+24 0.5
PQ interval (ms) 162 +32 171+ 19 0.2
QRS width (ms) 93+11 98+ 17 0.3
QTc interval (ms) 416 £27 416 £22 0.9
S-V1 +R-V5-6 (mV) 29+8 28+6 0.3
Fragmentation, n (%) 11 (46) 16 (67) 0.2
Early repolarization, n (%) 6 (25) 0.2

Early repolarization

Epsilon wave

Fragmentation
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Figure 2. Examples of abnormal ECGs.

could not follow the definition of SCD strictly [1]. As
such, it is possible that the individuals in our cohort
might not have suffered cardiac death, but died from
cerebrovascular causes. However, we believe that this
problem was minimal, as none of the diagnoses in the
death certificate described death from cerebrovascular
cause. Furthermore, the prevalence of death from cardiac
causes in individuals from 20 to 50 years old is about
five times higher than the prevalence of death from cere-
brovascular causes. [17]

Second, the age limit for inclusion in our cohort was
10 - 15 years higher than the age limit of most other SCD
studies. This may have resulted in a greater number of
SCD due to coronary heart disease, as this disease be-
comes more prevalent with increasing age. This is not
surprising as even in studies, in which the age limit has
been 35 - 40 years, coronary heart disease has been one

Copyright © 2013 SciRes.

of the most prevalent etiologies of SCD. [2-5,18] The
higher age limit in our study was dictated by the low
numbers of SCD in the younger participants. In our co-
hort, in the age groups younger than 40 we only found
two persons with SCD.

Third, the low prevalence of ECG changes could be
due to the fact that we only examined ECGs from per-
sons that had died before the age of 50. It is possible that
persons, who were alive in our cohort, may have shown
ECG changes, which are characteristic for a genetic ar-
rhythmia. However, this is of uncertain importance, as
we tried to examine the value of ECG as a predictive tool
for SCD in the general population. Besides being the
cornerstone of diagnostic methods of genetic arrhythmias,
the ECG also predicts the outcome of these diseases
[19-21]. However, the predictive role of the ECG in
these diseases comes from register studies. As such,

OPEN ACCESS



J. Theilade et al. / World Journal of Cardiovascular Diseases 3 (2013) 239-244 243

these studies are biased towards patients with a worse
prognosis. ECG failed to predict SCD in our cohort.
Therefore, although ECG is invaluable in symptomatic
patients, it may be unsuitable as a screening tool in large
asymptomatic populations.

Most importantly, it is probable that the prevalence of
the genetic arrhythmias was low in our cohort. Sudden
death occurs most often in persons under the age of 40 in
patients with genetic arrhythmias [19,21-23]. Neverthe-
less, we only found two persons with SCD before the age
of 40 and, as such, the result may reflect the relative rar-
ity of genetic arrhythmias in Denmark. This may par-
ticularly be true for the Brugada syndrome. In an analy-
sis of the ECGs from the same cohort we found a lower
prevalence of the Brugada sign than that reported from
the majority of other studies [24]. Another recent study
from Denmark also reported a lower number of HCM
and ARVC than that reported in other studies in persons
who had suffered SCD before the age of 35 [18].

5. LIMITATIONS

Autopsy was not performed systematically in all patients
with sudden death. However, it is unlikely that a system-
atic autopsy would have influenced our results. A sys-
tematic autopsy might have resulted in the exclusion of
some cases and the number of SCD in our cohort was
already low from the start.

Not all the ECGs in our cohort were examined. De-
spite this limitation, the results of the study are still valid.
The study was designed to look for ECG abnormalities in
persons that had suffered SCD before the age of 50. Even
if we had found abnormalities in the other ECGs, this
would have been in persons who were alive after the age
of 50. As such, the ECG would not have gained any fur-
ther predictive value, as far as SCD is concerned.

6. CONCLUSION

In the Copenhagen City Heart Study, the ECG did not
have a predictive value for SCD.
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