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Abstract
Introduction: Little is known about the association between electrocardiographic abnormalities
and exercise-related sudden cardiac death. Therefore, our aim was to identify possible electrocar-

diographic findings related to exercise-induced sudden cardiac death.

Methods and results: The FinGesture study includes 3,989 consecutive sudden cardiac deaths in
northern Finland between 1998 and 2012, out of whom a total of 647 subjects had a previously
recorded electrocardiography acquired from the archives of Oulu University Hospital. In 276 of
these cases the death was witnessed, and the activity at the time of death was either rest or phys-
ical exercise (PE); in 40 (14%) cases sudden cardiac death was exercise-related and in 236 (86%)
cases death took place at rest. Fragmented QRS complex in at least two consecutive leads within
anterior leads (V1-V3) was more common in the exercise-group compared to rest-group (17 of 40,
43%vs. 51 of 236,22%, P = 0.005). Pathologic Q wave in anterior leads was more common in the
PE group (9 of 40, 23% vs. 26 of 236, 11%; P = 0.044). Median QRS duration was prolonged in the
exercise-group compared to the rest-group (100 milliseconds vs. 94 milliseconds, P = 0.047). QTc
interval, the prevalence of inverted T-waves, or other electrocardiographic abnormalities did not
differ significantly between the two groups.

Conclusions: As a conclusion, fragmented QRS complex in the anterior leads is associated with an

increased risk of sudden cardiac death during PE.
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Sudden cardiac death (SCD) is by definition an unexpected event from
a cardiac cause within a certain short time period after the onset of
symptoms and is often the first manifestation of the underlying car-
diac disease accounting for significant share of years of potential life
lost. In the United States, SCD accounts for around 200,000 deaths
yearly and in a recent study the age-specific incidence of SCD was 4.2
per 1,000 person-years in the general population.2:2 A physically active
lifestyle hinders the progression of atherosclerosis and reduces the
risk of cardiac events and all-cause mortality.3 However, physical exer-
cise (PE) transiently increases the risk of SCD and this finding is most
prominent among the least-fit and during strenuous activity.3-> Even
if the incidence of exercise-related SCD or sudden cardiac arrest is

relatively low in the general population,®” it would be important to
identify in advance the subjects with anincreased risk for such an event
to counsel the subjects or patients individually about the potential
risks of strenuous exercise. Research to identify abnormalities in the
12-lead electrocardiogram (ECG) related to SCD has advanced rapidly
during the past twenty years. It is hoped that this new information
would giverise to tools of risk stratification of SCD. Several ECG abnor-
malities are linked to an increased risk of SCD, including high resting
heart rate, prolonged QRS duration, fragmentation of the QRS com-
plex, malignant forms of early repolarization, prolongation of the QT
interval, prolongation of the T-peak to T-end (TpTe) interval, and vari-

ous T-wave abnormalities.8-20 |n this study, we wanted to investigate if
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any of these markers of standard 12-lead ECG are specifically related

to exercise-induced SCD in the general population.

1 | MATERIAL AND METHODS

The Finnish study of Genotype and Phenotype Characteristics of Sud-
den Cardiac Death (FinGesture) included 3,989 consecutive cases of
SCD in northern Finland. All cases were autopsy-verified and took
place between 1998 and 2012 in northern Ostrobothnia in northern
Finland. Practically all unexpected sudden deaths of cardiac origin are
included because medico-legal autopsy is mandatory in Finland when
the death is sudden and unexpected. The rate of medico-legal autopsy
in Finland is the highest in Western countries, and all autopsies were
carried out by highly experienced forensic pathologists. The study
design is described more precisely in previous studies.2%22 The infor-
mation of a possible 12-lead ECG taken incidentally prior to SCD was
collected manually from the archives of Oulu University Hospital. The
ECGs had previously been recorded for various reasons. The informa-
tion about the reason for ECG was available in 476 of 647 (74%) sub-
jects. Surgical procedure was the most common reason for ECG (27 %).
Acute coronary syndrome (4.2%), syncope (3.2%), and palpitations
(2.7%) were less common reasons for ECG. In most cases the ECG had
been taken 2 to 5 years prior to the SCD, with a median of 3 years. In
this study, we only included deaths from the FinGesture study popula-
tion that were witnessed and took place within the 1-hour time frame
after the onset of symptoms. There were a total of 647 cases of SCD
with a previously taken ECG. Police reports, comprehensive death cer-
tificates, autopsy reports, and questionnaires to relatives were all used
to sort out the physical activity during the time of death. The time
frame of physical activity was defined as a 1-hour time frame after the
exertion in addition to the period of physical activity itself. The activity
during the time of death needed to be at least four metabolic equiva-
lents (four METS) to be considered as PE, which excluded low-intensity
household and recreational activity. We assessed the metabolic equiv-
alents of different activities according to the estimates of Jetté et al.23
The activity was accounted for rest if the person was lying down, sleep-
ing, or sitting when SCD took place. Those whose physical activity at
the time of death could not be evaluated accurately or did not meet
the criteria of either rest or PE were excluded from the analysis. After
exclusions, the primary study population consisted of 276 SCD victims,
who were either at rest or engaged in moderate-to-vigorous PE at the
time of death and in whom a prior ECG could be gathered.

We also included a control population to compare the prevalence
of the addressed ECG abnormalities among exercise-related SCDs to a
cohort that represents the middle-aged general population in Finland.
The control population consisted of 10,904 subjects either randomly
selected or as part of the whole population of a certain area in Fin-
land. This cohort is part of the Social Insurance Institution's Coronary
Heart Disease Study (CHD Study) gathered between 1966 to 1972 and
includes subjects between ages 30 and 59 years. The study design has
been described in more detail earlier.1%24

All of the 12-lead ECGs were recorded at rest in a supine position
with a paper speed of 50 mm/s and calibration of 1 mV/10 mm. The
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FIGURE 1 Different fragmented QRS morphologies including var-
ious RSR’ patterns [Color figure can be viewed at wileyonlineli-
brary.com]

ECGs of the primary study population were evaluated independently
by two researchers. The analysis of ECGs of the control population
has been previously described.1419.2425 The ECG criteria of QRS frag-
mentation was acquired from a previous study,2® and categorized as
lateral (I, aVL, V4-Vé), anterior (V1-V3), and inferior (ll, Ill, aVF). Dif-
ferent fragmented QRS morphologies are displayed in Figure 1. All
Qwaves were divided into pathologic or benign according to their mor-
phology. Inleads V2 or V3 any Q wave wider than 20 milliseconds or QS
complex were considered as pathologic. In other leads Q waves in two
contiguous leads wider than 30 milliseconds and at least 0.1 mV deep
or QS complex were considered pathologic. According to these crite-
ria pathologic Q waves were included in the analyses. Left ventricular
hypertrophy (LVH) was assessed according to the Sokolow-Lyon crite-
ria. The QT interval was acquired from the lead that had the longest
QT interval and was then corrected with heart rate according to the
Bazett's formula.

The study complies with the Declaration of Helsinki, and the
Regional Ethics Committee of the Northern Ostrobothnia Hospital
District approved the study. A permit to collect data from medico-
legal autopsies was gained from the National Supervisory Authority for
Welfare and Health (Valvira).

1.1 | Statistical analysis

Note that y2 analyses were used to detect differences in dichoto-
mous variables. For the continuous variables, Gaussian distribu-
tion was assessed by skewness test. In case skewed distribution
(|skewness| > 1, QRS duration and QTc interval) was encountered,
the variable was transformed into natural logarithm. Distributions
were thereafter verified as Gaussian. QRS duration and QTc interval
are presented as median (first to third quartile). Otherwise continu-
ous variables are reported as mean (standard deviation). Odds ratios
and their 95% confidence interval (Cl) were calculated by binary logis-
tic regression. In multivariate regression analysis, fQRS in anterior
leads, pathologic Q wave in anterior lead, and prior diagnosed coronary
artery disease (CAD) were included in the analysis. Another multivari-
ate analysis was performed with different ECG variables (FQRS in ante-

rior/lateral/inferior leads, Q wave in anterior leads, LVH, QTc, resting
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TABLE 1 Subject characteristics in SCD study groups

WILEY——Z

Variable PE Group (n = 40) Rest-Group (n = 236) P Value
Age (years) 56.5+7.8 55.7+11 0.89
Male gender 39/40 (98%) 181/236 (77%) 0.002
BMI (kg/m?) 264+3.9 280+6.8 0.155
Heart rate on previously taken ECG (bpm) 74.9 +24.9 81.5+19.2 0.056
Prior diagnosis of cardiac disease 29/39 (74%) 154/235 (66%) 0.28
Prior diagnosis of CAD 18/38 (47%) 60/229 (26%) 0.008
Ischemic heart disease at autopsy 35/40 (88%) 137/236 (58%) 0.00038

Comparisons were made between physical-exercise (PE) versus rest-groups. BMI = body mass index; CAD = coronary artery disease; ECG = electrocardio-

graphy; PE = physical exercise; SCD = sudden cardiac death.

TABLE 2 Thedistribution of ECG abnormalities in PE group versus rest-group

ECG Abnormality PE Group (n = 40) Rest Group (n = 236) P Value
fQRS in anterior leads 17/40 (43%) 51/236 (22%) 0.005
fQRS in inferior leads 20/40 (50%) 109/236 (46%) 0.56
fQRSin lateral leads 12/40 (30%) 66/236 (28%) 0.79
Qwave in anterior leads 9/40 (23%) 26/236 (11%) 0.044
Mean QTc time, median (first to third quartile) 459 (439-490) 474 (443-510) 0.11
QRS duration; lead V5, median (first to third quartile) 100 (89-116) 94 (86-108) 0.047
LBBB 2/40 (5.0%) 18/236 (7.6%) 0.55
RBBB 3/40(7.5%) 10/236 (4.2%) 0.37
LVH (The Sokolow-Lyon criterion) 4/40 (10%) 17/236 (7.2%) 0.50
Mean T-peak to T-end interval (milliseconds) 113+ 22 116 +24 0.46
Inverted T-wave in anterior leads 0/40 (0%) 22/236(9.3%) 0.044
Inverted T-wave in lateral leads 10/40 (25%) 60/236 (25%) 0.96
Inverted T-wave in inferior leads 10/40 (25%) 48/236 (20%) 0.50

Comparisons were made between PE and rest-groups. Continuous variables are presented as mean (standard deviation), if the variable was normally dis-
tributed. Otherwise continuous variables are presented as median (first to third quartile). ECG = electrocardiography; fQRS = fragmented QRS complex;
LBBB = left bundle branch block; LVH = left ventricular hypertrophy; PE = physical exercise; RBBB = right bundle branch block.

heart rate, QRS duration, T-inversion in anterior/lateral/inferior leads,
LBBB, RBBB). A P value < 0.05 was considered statistically significant.
The Statistical Package for Social Studies 21 (SPSS Inc., Chicago, IL,
USA) was used to perform the analyses.

2 | RESULTS

A total of 35 (35 of 276, 13%) deaths took place during PE and five
cases (5 of 276, 1.8%) within a 1-hour period after the exertion, cre-
ating the PE group (n = 40). The rest-group comprised 236 subjects,
who died suddenly at rest. The subject characteristics are presented
in Table 1. There were significantly more men in the PE group than
in the rest-group. The prevalence of any prior cardiovascular diagno-
sis was common and statistically uniform in the PE and rest-groups.
However, CAD, both previously diagnosed or as an autopsy finding,
was more common in the PE group than in the rest-group (18 of 38,
47% vs. 60 of 229, 26%, P = 0.008; 35 of 40, 88% vs. 137 of 236, 58%,
P = 0.0004, respectively). The control population consisted of a total
of 10,904 subjects. Compared to the PE group, the control population

was younger (43 years vs. 57 years, P = 0.001), had a larger proportion
of females (47% vs. 2.5%, P < 0.0001), and had less often prior cardio-
vascular diagnosis (8.2% vs. 74%, P < 0.0001).

The ECG abnormalities and their distribution between the PE group
and the rest-group are presented in Table 2. Those with exercise-
related SCD had more often fragmented QRS complex (fQRS) in at
least two consecutive anterior leads V1-V3 compared to the rest-
group. When analysis was restricted to patients with a prior diagno-
sis of CAD (n = 78), fQRS in the anterior leads was even more com-
monly found in the exercise-related SCD compared to those with SCD
at rest (9 of 18, 50% vs. 12 of 60, 20%, P = 0.012), with an unad-
justed odds ratio of 4.0 (95% Cl 1.3-12, P =0.015) (Figure 2). The sub-
jects in the PE group had more often a pathologic Q wave in the ante-
rior leads (9 of 40, 23% vs. 26 of 236, 11%, P = 0.044), but no differ-
ence in the prevalence of Q waves in other leads was observed. The
median corrected QT time (QTc) was similar in the PE group and rest-
group and it was actually a bit longer in the rest-group even though
this finding was not statistically significant (Table 2). The PE group had
on average a wider QRS complex (100 milliseconds vs. 94 millisec-

onds, P = 0.047). There were, however, no differences between the
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Odds ratio (95% Cl)
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FIGURE 2 Odds ratios calculated for SCD during PE compared to SCD at rest. All presented odds ratios were statistically significant (P < 0.05),
except for prior diagnosis of CAD without fQRS in anterior leads (P = 0.82). CAD = coronary artery disease; fQRS = fragmented QRS complex

TABLE 3 Univariate and multivariate odds ratios for exercise-related SCD

Variable Univariate OR
fQRS in anterior leads 2.7(1.3-5.4)
Qwave in anterior leads 2.3(1.0-5.5)
Prior diagnosed CAD 2.5(1.3-5.1)

Multivariate” OR P Value for Multivariate Analysis
2.4(1.1-5.0) 0.022

1.9(0.78-4.9) 0.15

2.3(1.1-4.8) 0.021

*fQRS in anterior leads, Q wave in anterior leads and prior diagnosed CAD were included in the multivariate analysis. CAD = coronary artery disease;

fQRS = fragmented QRS complex; OR = odds ratio, SCD = sudden cardiac death.

PE and rest-groups in the prevalence of left or right bundle branch
block. In the PE group the prevalence of LVH was 10% (4 of 40),
which was similar in the rest-group (7.2%, 17 of 236). The PE group
had less often inverted T-waves in the anterior leads compared to the
rest-group and this finding was also statistically significant (O of 40,
0% vs. 22 of 236, 9.3%, P = 0.044). No differences could be found in
the mean TpTe interval or in T-wave inversions in other than anterior
leads.

When the ECG abnormalities were compared between the PE
group and the control population, the ECG abnormalities were con-
siderably less common in the control population with the exception of
LVH, which was a significantly more common finding in the control pop-
ulation compared to the PE group (31% vs. 10%, P = 0.004).

Unadjusted odds ratios of exercise-related SCD compared to SCD
at rest for different combinations of prior diagnosed CAD, fQRS in
anterior leads, and pathologic Q wave in anterior leads are displayed
in Figure 2.

There seemed to be overlap between fQRS in anterior leads, patho-
logic Q wave in anterior leads, and prior diagnosis of CAD so we
included these variables in a multivariate analysis. After these adjust-
ments the individual effect of fQRS in anterior leads remained signifi-
cant with an odds ratio of 2.4 (1.1-5.0, P = 0.022). Adjusted odds ratios
are presented in Table 3. We also included the ECG variables (fQRS

in anterior/lateral/inferior leads, Q wave in anterior leads, LVH, QTc,

resting heart rate, QRS duration, T-inversion anterior/lateral/inferior,
LBBB, RBBB) in a multivariate regression analysis and fQRS in anterior
leads had an odds ratio of 2.9 (1.3-6.8, P = 0.013) for exercise-related

SCD. Other variables did not reach statistical significance.

3 | DISCUSSION

Our study shows that fQRS in at least two consecutive anterior leads
of a resting 12-lead ECG is significantly more common among those
who subsequently died suddenly in relation to exercise compared to
those who suffered SCD during rest, or among the general popula-
tion. fQRS is thought to represent myocardial scarring and fibrosis due
to previous ischemia or infiltrative lesions in many different cardiac
diseases. PE is thought to lower the threshold for scar-related reen-
trant ventricular arrhythmias. It has also been speculated that exces-
sive PE may cause myocardial fibrosis, creating a substrate for ven-
tricular arrhythmias.2” Previous studies have shown that fQRS among
patients with CAD is an independent risk factor for cardiac events
and mortality.26-28 |n patients with CAD, the absolute number of leads
with fQRS, regardless of anatomical location, has been shown to pre-
dict cardiac death.2? There is also evidence of adverse outcome of
fQRS in lateral leads even in the general population.2> In our current

study, the prevalence of fQRS in anterior leads was accentuated among
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those with a prior diagnosis of CAD and exercise-related SCD. By con-
trast, subjects with CAD but without fQRS did not have an increased
prevalence of exercise-related SCD. Vigorous PE is considered a trig-
ger of ventricular arrhythmias when a substrate, such as myocardial
scarring, is present. fQRS in anterior leads might reveal an underlying
cardiac abnormality affecting the septal and/or anterior myocardium.
This in turn mirrors an increased risk of SCD and in our current
sample an increased risk of exercise-related SCD. In our previous
study we showed that ischemic heart disease, myocardial scarring
and cardiac hypertrophy were autopsy-findings more often related
to exercise-related SCD.30 All these factors might explain the pres-
ence of fQRS. Pathologic Q waves in anterior leads were also present
more commonly in the PE group. However, this finding could not be
expanded to lateral or inferior leads. There is likely overlap between
pathologic Q waves and fQRS while both might manifest similar abnor-
mality in the myocardium. When adjusted in a multivariate regression
analysis, the effect of fQRS in anterior leads remained significant in
contrast to Q waves. We did not find any difference between the PE
group and rest-group in the prevalence of fQRS in other than ante-
rior leads. fQRS in inferior or lateral leads mirror different anatomical
regions and this difference might alter the effect of PE. fQRS in ante-
rior leads was also the only ECG variable that reached statistical signif-
icance in multivariate regression analysis of different ECG variables.

The association between a prolonged QRS duration and the risk of
SCD is well-established.11:31 Left ventricular dysfunction is often asso-
ciated with QRS complex prolongation and, as such, increases the risk
of SCD. However, a prolonged QRS duration could also be a marker of
fibrosis or depolarization abnormalities, which may lead to ventricular
arrhythmias. In our current study, the median QRS duration was wider
among exercise-related SCDs. This finding might reflect a more severe
underlying myocardial abnormality, which in turn increases the risk of
SCD when a trigger, such as PE, is present.

Other ECG variables, such as mean QTc interval (Bazett's formula),
TpTe interval, or presence of T-wave inversions did not differ between
the PE and rest-groups but all these variables differed between the
PE group and the control population. In the general population pro-
longed QTc interval is associated with a higher risk of SCD.1¢ A meta-
analysis conducted a few years ago verified the increased risk of over-
all mortality and SCD when QTc interval was prolonged.32 Concurrent
with the present findings, TpTe interval has been found to be longer
among SCD victims.18 This finding is thought to be due to transmu-
ral dispersion of repolarization leading to ventricular arrhythmias.33
However, we did not find any difference in mean TpTe interval between
exercise-related deaths and deaths that occurred during rest. Several
cardiac diseases can also cause T-wave alterations, most notably T-
wave inversions. Inverted T-waves in other than right precordial leads
have been shown to increase the risk of cardiac mortality and SCD.
T-wave inversions in right precordial leads may present an underly-
ing cardiac disease such as hypertrophic cardiomyopathy, myocardial
ischemia or ARVC, but have not been linked to an increased risk of SCD
in the general population.? In our study, none of the subjects in the PE
group had T-wave inversions in the anterior leads. The prevalence of
T-wave inversions in the anterior leads was similar also in the control

population. LVH was found to be common in the control population.

WILEY--2

The ECGs in the control population were taken almost 50 years ago,
prior to the era of effective treatment of hypertension. This is probably
the reason for high prevalence of LVH in control population.

Very little information is available about ECG abnormalities linked
to exercise-related SCD in the general population. FinGesture study
population with almost 4,000 SCD subjects is to our knowledge the
largest study population of consecutive autopsy-verified victims of
SCD in the general population. Our study setting and exclusion crite-
ria offered a study population of 276 victims of SCD with a previously
taken ECG. The total number of exercise-related deaths is quite small,
which diminishes the ability to generalize our findings. The ECGs were
taken on average around three years prior to the SCD; however, this
time difference between ECG recording and the event is significantly
shorter than in many prospective cohort studies. The control popula-
tion was acquired from an older study, which may account for some of

the differences observed between SCD patients and controls.

3.1 | Implications

In our study we found that fQRS complex in anterior leads was more
common among exercise-related SCDs compared to SCD occurring at
rest. This finding was especially distinct when a prior diagnosis of CAD
was present emphasizing the potential role of anterior QRS fragmen-
tation in exercise-induced SCD in CAD patients. These findings may
offer new tools to identify patients with an increased risk to exercise-
related SCD and for counseling the CAD patients who have such an
ECG abnormality in the 12-lead ECG.
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