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ABSTRACT

Objective. A major challenge in reducing the incidence of sudden cardiac death (SCD) is the
identification of patients at risk. Myocardial fibrosis has a substantial association with SCD risk, but is
difficult to identify among general populations. Our aim was to find electrocardiographic (ECG) markers

of myocardial fibrosis among SCD victims.

Methods. Study population was acquired from the Fingesture study, which has gathered data from 5,869
consecutive autopsied SCD victims in Northern Finland between 1998 and 2017. The degree of fibrosis
was determined in histological samples taken from the heart during autopsy and was categorized into four
groups; 1) no fibrosis, 2) scattered mild fibrosis, 3) moderate patchy fibrosis and 4) substantial fibrosis.
We were able to collect ECGs from 1,100 SCD victims.

Results. The mean age of the study subjects was 66+13 years and 75% were male. QRS duration in ECG
correlated with the degree of fibrosis (p<0.001, p=0.153). Prevalence of fragmented QRS complex,
pathologic Q waves, and T-wave inversions correlated with increased degree of fibrosis (p<0.001 in
each). Depolarization abnormalities were observed both in ischemic and non-ischemic heart disease.
Repolarization abnormalities reached statistical significance only among ischemic SCD victims. An
abnormal ECG was observed in 75.3% of the subjects in group 1, 73.7% in group 2, 88.5% in group 3 and
91.7% in group 4 patients (p<0.001).

Conclusions. Myocardial fibrosis was associated with QRS prolongation, deep Q waves, T-wave
inversions and QRS fragmentation. The results provide potentially useful non-invasive early recognition

of patients with fibrotic cardiomyopathy and risk of SCD.



KEY QUESTIONS

What is already known about this subject?

e Sudden cardiac death often occurs due to undiagnosed and untreated structural cardiac disease

with excessive myocardial fibrosis.
What does this study add?

e Various depolarization and repolarization abnormalities in 12-lead ECG correlated with the

amount of myocardial fibrosis among sudden cardiac death victims.
How might this impact on clinical practice?

e Patients with such ECG abnormalities in the absence of structural cardiac disease may require

further investigations for diagnosis and classification, which may affect the risk for SCD.



INTRODUCTION

Despite the progress in prevention and treatment of cardiac diseases, the overall incidence of sudden
cardiac death (SCD) has not declined during the last decades®. Ischemic heart disease is the most common
cause of SCD? but 25% of SCD victims have a non-ischemic cause™*. Although ischemic and non-
ischemic heart disease arise from divergent pathophysiologies, expression of cardiac hypertrophy with
myocardial fibrosis appears to be a common denominator in both entities. Magnetic resonance imaging
(MRI) is commonly used in clinical practice for detection of myocardial fibrosis, but it is not feasible for

large scale population screening.

As more than 70% of SCDs occur in patients who do not fulfill the criteria for prophylactic device
therapy,” the need for novel risk markers that classify individual risk is significant®. The standard 12-lead
electrocardiogram (ECG) has attained attention in this regard and many depolarization and repolarization
abnormalities have been found to associate increased SCD risk in various populations®. However, such
ECG abnormalities have not yet proven to be useful enough in SCD risk stratification to have effect on
clinical decision-making. In addition, the usefulness of ECG risk markers is not limited to SCD risk
stratification, but also for early recognition of subjects with underlying life-threatening heart disease
generally. The potential value is suggested by the fact that up to 50% of all SCD victims do not have a
prior diagnosis of cardiac disease before SCD. The percentage is even higher among those with non-

ischemic SCDs®.

We studied the association between ECG abnormalities and the degree of myocardial fibrosis among

autopsy-verified SCD victims in order to identify the presence of life-threatening fibrotic heart disease.



METHODS
Study population

Our study population is derived from the Fingesture study, which includes autopsy data from 5,869
consecutive SCD victims from Northern Finland and Lapland during 1998-2017. In all cases, a
medicolegal autopsy was performed in Department of Forensic Pathology, University of Oulu and
National Institute of Health and Welfare, Oulu, Finland. Autopsies were performed by experienced
forensic pathologists using contemporary guidelines for the diagnosis of the cause of death. Finnish law
requires medicolegal autopsy to be performed if the death is not caused by a known disease, the victim
has not been treated during his/her last illness by physician, the death if from non-natural causes, or the
death is otherwise unexpected. Consequently, Finland has the highest sudden death autopsy rate in

Western societies’.

In this autopsy-based study, sudden death was defined as witnessed death within 6 hours of the onset of
the symptoms and as unwitnessed death within 24 hours of the time the victim was last seen in a stable
state of health. Subjects in whom autopsy revealed non-cardiac causes of sudden death, e.g. pulmonary
embolism, cerebral hemorrhage or non-natural causes, were not included in the Fingesture study. Hence,
the Fingesture study includes only the sudden death victims with proven cardiac origin (specifically,
SCD). In the present study we investigated the victims who had previously recorded ECG available
(n=1,100, 19%). Sixty-three percent (n=689) of these had ischemic heart disease as a cause of SCD
whereas 37% (n=411) had non-ischemic heart disease as a cause of SCD. Collection of the study subjects

is presented in Figure 1.

Determination of the underlying heart disease was based on medical records, questionnaires to the
relatives and autopsy data. The death was defined as ischemic if there was evidence of coronary artery
disease (CAD) and a fresh intracoronary thrombus, plague rupture or erosion, intraplague hemorrhage, or
critical coronary stenosis (>50%) in major coronary vessel/branch. The cases with no evidence of relevant

CAD were classified as non-ischemic and further classified based on ICD-10 classes. The classification in



Figure 2 was used for more detailed descriptions of the heart disease based on postmortem findings,
medical records and specific questionnaires of relatives. Criteria for each diagnosis have been described
earlier®, Autopsy procedures included meticulous gross cardiac examinations, including visual and
microscopic (selected cases) coronary artery examination, valve investigation, heart weight measurement
and determination of myocardial fibrosis based on macroscopic and histological investigation on tissue
samples taken from the heart. Histological examination was performed in all cases and a toxicology
investigation was performed when autopsy findings were insufficient to define a cause of death, or if
there was any suspicion of extensive alcohol intake or medication or drug use. Quantification of
myocardial fibrosis was categorized into four groups; 1) no fibrosis, 2) scattered mild fibrosis, 3)
moderate patchy fibrosis and 4) substantial fibrosis. The four-degree fibrosis classification is based on
forensic pathologist’s verbal statement of the amount of myocardial fibrosis in the heart. The statement
was based on comprehensive evaluation of myocardial fibrosis in macroscopic myocardial dissection and

3-5 histological tissue samples from different myocardial sites.
Electrocardiography

All ECGs were recorded in a supine position at a paper speed of 50 mm/s and a calibration of 1 mV / 10
mm. If multiple ECGs were available, the most recent one was used. ECGs were analyzed independently
by 2 researchers. Median time from ECG recording to SCD was 2 years (interquartile range 0.28 to 4.9
years, maximum time 34 years, 92% < 10 years, 82% <5 years). QRS and JT durations were calculated
from lead Vs. Intraventricular conduction delay (IVCD) was defined as QRS duration >110 ms in the
absence of bundle branch blocks (BBB) meeting standard criteria®. JT interval was corrected for heart rate
by the Bazzett formula. Sokolow-Lyon voltage index was calculated as the sum of SV; and RVsor RV
based upon the highest R-wave amplitude. QRS fragmentation and inferolateral early repolarization (ER)

were defined according to previous literature®*

and T-wave inversions were defined as T-wave amplitude
<-0.1mV in at least two anterior (V1-V3), lateral (I, aVL, V4-Vs) and/or inferior (11, aVF, I11) leads.

Pathologic Q waves were defined as Q waves in at least 2 continuous leads meeting following criteria; Q



waves (or absent R waves) greater than 20 ms in duration in leads V,and V3, > 40ms and at least 0.1 mV
deep in lead IIT and > 30ms and deeper than 0.1 mV in other leads. ECG was stated as normal in the
absence of QRS fragmentation, pathologic Q waves, prolonged QRS complex (>110ms), T-wave
inversions, positive T waves in aVR lead, prolonged QTc interval (440ms in women, 460ms in men),

inferolateral early repolarization and Sokolow-Lyon index >3.5 mV.
Statistical methods

Continuous variables are expressed as mean+SD. For the continuous variables, the data was assumed to
be sufficiently normally distributed if the skewness was between -1 and 1. If skewed distribution
(Jskewness| > 1, QRS duration, BMI) was encountered, the variable was transformed into natural
logarithm. Distributions were thereafter verified as symmetric. For continuous QRS duration, p-values are
calculated from natural logarithm whereas unstandardized 3 values and confidence intervals were
calculated from absolute values. Between-groups differences were analyzed by y-test for categorical and
two-sided t-test or analysis of variance (ANOVA) for continuous variables. In case of significance main
effect between multiple groups, post hoc analysis by ¥ and Bonferroni test were applied for categorical
and continuous variables, respectively. Linear and logistic regression models were used to assess the
effect of fibrosis on ECG variables independently from heart weight. In table 2 we evaluated usefulness
of different ECG parameters in assessing the possibility of at least moderate amount of fibrosis. All
analyses were performed with the Statistical Package for Social Studies version 21.0 (SPSS Inc, Chicago,

IL). All p values are 2-sided and values less than 0.05 were considered as statistically significant.

This research was done without public involvement. Patients were not involved in the design, or conduct,
or reporting, or dissemination plans of our research. The study complies with the Declaration of Helsinki,
and the Ethics Committee of the Oulu University Hospital approved the study (Decision number
21/2007). A permit to use data from medico-legal death investigations was obtained from the National

Institute for Health and Welfare and the Regional State Administrative Agency of Northern Finland.



RESULTS

Characteristics

Some degree of myocardial fibrosis was present in 91% of the ischemic and 93% of the non-ischemic
SCD victims. Seventeen subjects (1.5%) had ECG taken for reasons that could have affect the ECG
measurements, such as ischemia. The mean age of the study subjects was 66+13 years and 75% were
male. Non-ischemic SCD victims were younger with mean age of 59+12 years, compared to 70+11 years
among ischemic SCD victims (p<0.001). Forty-eight percent of the non-ischemic SCD victims and 63%
of the ischemic SCD victims had previously diagnosed cardiovascular disease. Mean heart weight at
autopsy was 497+145 g among non-ischemic and 474+132 g among ischemic SCD victims. Abnormal
ECGs were present in 75.3% of the subjects with no fibrosis, 73.7% in subjects with scattered mild
fibrosis, 88.5% in subjects with moderate patchy fibrosis, and 91.7% in subjects with substantial fibrosis

(p<0.001). Characteristics of the subjects are represented in Table 1.
Depolarization abnormalities

Myocardial fibrosis was associated with various depolarization abnormalities. QRS fragmentation and
pathologic Q waves were more common, and QRS complexes wider, in association with the proportion of
increasing myocardial fibrosis. Mean QRS duration was 9621 ms among subjects with no fibrosis,
97420 ms in subjects with mild fibrosis, 103+26 ms in subjects with moderate fibrosis, and 108+27 ms
among subjects with substantial fibrosis (p<0.001, p=0.153). The prevalence of LBBB increased
significantly in association with fibrosis (p=0.014). The incidence of IVCD also tended to increase in
association with the severity of fibrosis, although the association did not reach statistical significance
(p=0.11). The prevalence of RBBB varied significantly between fibrosis groups (p=0.050), although
changes in prevalence were not linear. The prevalence of pathologic Q waves and fragmented QRS
complex increased gradually, concomitant with the degree of fibrosis (p<0.001 for both). The presence of

inferolateral ER had no significant association with the amount of fibrosis. Sokolow-Lyon index had



statistically significant variability between the fibrosis groups, but the association was not linear and was

not present in subgroup analyses.

Repolarization abnormalities

In addition to depolarization abnormalities, increasing myocardial fibrosis was also associated with T-
wave inversions (p<0.001) and the T-wave pattern in lead aVR. The T-wave in aVR tended to shift
toward positive as the amount of fibrosis increased and positive T-waves in aVR were more common in
groups with greater degrees of fibrosis (p<0.001). The mean T-wave amplitude was -0.14+0.12 mV in
subjects without fibrosis, -0.12+0.11 mV in subjects with mild fibrosis, -0.10+0.12 mV in subjects with
moderate fibrosis and -.05+0.12 mV in subjects with substantial fibrosis (p<0.001; B=0.18). Heart rate
correlated JT interval was not affected by the degree of fibrosis. ECG measurements associated with the

degree of fibrosis are provided in Table 1.

Subgroup ECG analyses for ischemic and non-ischemic SCD victims

Prolonged QRS duration and QRS fragmentation had statistically significant associations with the degree
of fibrosis in both ischemic and non-ischemic subgroups. Trends of increasing T wave amplitude in aVR
and prevalence of T-wave inversions and pathologic Q waves were present among both ischemic and
non-ischemic SCD victims, but reached statistical significance only in ischemic SCD subgroup. The
prevalence of positive T waves in aVR was 17.3% in ischemic SCD victims and 14.6% in non-ischemic
SCD victims. ECG measurements specified according to the amount of fibrosis and ischemic versus non-
ischemic causes of SCD are presented in Figure 3. More detailed statistical analyses and characteristics

for ischemic and non-ischemic SCD victims are presented in Supplementary material.

Regression analysis

Heart weight correlated positively with the degree of fibrosis (f=0.25; p<0.001). Independent of heart
weight, QRS duration (p=0.004, unstandardized  2.1ms, 95% CI: 0.5 — 3.8 ms per category on average),

T-wave amplitude in aVR (p<0.001, unstandardized p 0.02mV, 95% CI: 0.01 — 0.03 mV per category on



average), T-wave inversions (OR 1.5, 95% CI 1.2-1.8 per group increase in fibrosis; p<0.001), QRS
fragmentation (OR 1.5, 95% CI 1.2-1.7; p<0.001) and pathologic Q waves (OR 1.8, 95% CI 1.4-2.3;

p<0.001) retained independent association with the degree of fibrosis.

ECG abnormalities in moderate-to-substantial fibrosis

An additional analysis to assess the ability of ECGs to detect fibrotic accumulation was performed
between cases with no/mild fibrosis and those with moderate or substantial fibrosis, since the prevalence
of ECG abnormalities increased notably as the amount of myocardial fibrosis shifted from scattered mild-
to-moderate patchy fibrosis. All ECG measurements which had significant results in analyses of the 4
fibrosis groups were significantly associated in the analyses of the 2 combined groups. In addition, IVCD
achieved significant association in the 2 combined group analyses. At least one ECG abnormality was
present in 89.2% of those with moderate/substantial fibrosis as compared to 74.0% of those with no/mild
fibrosis. The best sensitivity for detecting moderate/substantial fibrosis was in fragmented QRS complex
(60.9%) whereas LBBB had the best specificity (96.4%). ECG characteristics between no/mild fibrosis

and moderate/substantial fibrosis are represented in Table 2.

DISCUSSION

In this study, consisting of 1,100 autopsy-verified SCD victims with previously recorded ECG, we
observed that increasing QRS duration, QRS fragmentation, pathologic Q waves, T-wave inversions and
rising T-wave in the aVR lead were associated with increasing degrees of myocardial fibrosis in
histological samples. Increased QRS complex durations were partially a result of LBBBS, but the
prevalence of IVCD also tended to increase along with fibrosis. Although the amount of myocardial
fibrosis correlated positively with heart weight, ECG abnormalities remained associated with myocardial
fibrosis independently of hypertrophy based upon heart weight. The effect of fibrosis on depolarization

abnormalities was observed in both ischemic and non-ischemic SCD victims, but repolarization
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abnormalities had no statistically significant correlations with fibrosis among non-ischemic SCD victims,

although trends were observed.

An analysis comparing absence of fibrosis or mild fibrosis with moderate-to-substantial fibrosis
demonstrated that fragmented QRS complex had the best sensitivity (60.9%) and LBBB had the best
specificity (96.4%) for detecting moderate patchy or substantial amount of myocardial fibrosis. Greater
than 25% of the subjects with scattered mild fibrosis at autopsy had normal ECG. This suggests that
smaller amounts of myocardial fibrosis are more difficult to identify based on ECG findings, even though
the risk for arrhythmia may be increased. Single ECG characteristics had a weaker ability to detect greater
amounts of fibrosis, and the presence of multiple ECG abnormalities was notably better, since 9 out of 10

subjects with moderate-to-substantial fibrosis had abnormal ECGs.

Attenuated association between myocardial fibrosis and ECG abnormalities among non-ischemic SCD
victims is likely due to the lower number of non-ischemic SCD victims compared to ischemic SCD
victims, resulting in lower power of the statistical analyses. Effect of divergent fibrosis texture between
ischemic and non-ischemic heart disease is not however excluded as fibrosis in ischemic heart disease is
often result of local myocardial ischemia/infarction and subsequent scar formation, whereas non-ischemic
heart disease tends to express more diffuse cardiomyocyte loss and fibrotic replacement!. Nevertheless,
even if myocardial fibrosis did not correlate with ECG abnormalities as strongly among non-ischemic
SCD victims, the prevalence of fibrosis-related depolarization and repolarization abnormalities were
notably higher than in general population. In Finnish cohort of more than 10,000 participants, the
prevalence of IVCD and LBBB were 0.6% and 0.3% respectively*2. Among non-ischemic SCD victims,
the corresponding percentages were 9.5% for IVCD and 5.8% for LBBB, yielding a 16- and 19- times
higher prevalence compared to general population. The prevalence of T-wave inversions and positive T
waves in aVR in the Finnish general population were 1.2%* and 2.2%, respectively, indicating 15- and

6.6 —times higher prevalence among non-ischemic SCD victims.
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In long-term follow-up and case-control studies, the same depolarization and repolarization abnormalities
have been associated with increased risk of arrhythmic death in general population'?*®, Arrhythmogenic
properties of myocardial fibrosis have been demonstrated previously both in vitro'” and in clinical studies,
in which fibrosis detected in MRI associated with increased risk of arrhythmic events®. The results of our
study provide a likely explanation for the increased risk of SCD related to depolarization and
repolarization abnormalities, in that they may represent an underlying fibrotic cardiac disease.
Electrophysiologic abnormalities may also have arrhythmogenic properties independently from structural
defects, as in the case of long QT syndrome. In our previous studies we have reported inferolateral ER as
a risk marker for both ischemic and non-ischemic SCD'?, In this study, the prevalence of inferolateral
ER did not correlate with myocardial fibrosis suggesting that ER may also represent independent

electrical instability.

Parallel with our study, previous studies have also demonstrated that myocardial fibrosis detected as late
gadolinium enhancement (LGE) in MRI correlates with fragmented QRS complex, ECG strain and T-
wave inversions®:?°, The association between LGE and pathologic Q waves in hypertrophic
cardiomyopathy patients has not been as congruent in previous studies®®>?%. However, LGE can detect only

regional fibrosis patterns and ECG characteristics of diffuse fibrosis are less well studied.

Although current SCD prediction is insufficient and additional risk markers are being sought in current
research, ECG-based SCD risk stratification have not proven to be useful enough to change clinical
practice. The role of the ECG in SCD prediction and prevention resides primarily in the early recognition
of subjects with life-threatening cardiac disease. In non-ischemic SCD victims, the death is often the first
symptom of cardiac disease, since the disease is initially diagnosed at autopsy in more than one-half of
these cases.® In ischemic heart disease, previously asymptomatic fibrotic accumulation may be a result of
previous silent myocardial infarction?’. Although the likelihood of prior diagnosis increases in parallel
with disease severity at autopsy, 28% of our study subjects with substantial fibrosis had no previous

cardiovascular disease diagnosis. Treatment of the underlying cardiomyopathy is the cornerstone for SCD
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prevention as improved medical therapy and reduced sudden death rates in heart failure has narrowed the
usefulness of implantable cardioverter defibrillator, especially in non-ischemic cardiac disease®®?°,
Meticulous investigations with cardiovascular imaging are reasonable, especially for patients with risk
factors for life-threatening cardiomyopathies (e.g. obesity, hypertension, excessive alcohol consumption,

family history of SCD) and myocardial fibrosis-related ECG abnormalities.
Limitations

One limitation of our study is the lack of a uniform quantitative histological classification of myocardial
fibrosis, since the groups were based on subjective evaluation of fibrosis. However, autopsies were
performed by highly experienced forensic pathologies since every unexpected SCD undergoes
medicolegal autopsy and meticulous cardiac investigations in Finland. Consequently, the number of prior
ECGs among autopsy-verified SCD victims is relatively high although we were not able to collect ECGs
from all 5,869 SCD victims. Additionally, we do not have information regarding the region or transmural
distribution of fibrosis pattern. Median time from ECG recording to SCD was 2 years which can be
probable source of bias. Nonetheless, the absolute number of ECGs might not result in enough power for

valid subgroup analyses in this study.
Conclusions

QRS prolongation, pathologic Q waves, fragmented QRS complex, T-wave inversions and positive T-
waves in aVR lead were prevalent and associated with fibrotic accumulation in the myocardium among
SCD victims. The results provide a likely explanation for the increased SCD risk related to abnormal
QRS complex and inverted T waves. Repolarization abnormalities had stronger associations with fibrosis
among ischemic SCD victims. Patients with such ECG abnormalities without known cardiac disease and
risk factors for ischemic and non-ischemic cardiomyopathies require further investigations for diagnosis
and classification that could possibly affect the identification risk for SCD in smaller subgroups and

individuals.
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Variable

Age, years
Male gender,
%

BMI, kg/m?
Prior
cardiac
disease, %
Heart
weight, g
QRS
duration, ms
IVCD, %
LBBB, %
RBBB, %
Fragmented
QRS, %

TWI, %

All

(n=1,100)

66+13

74.6

27.7+6.8

57.3

483+137

101+24

115

5.8

4.2

53.3

20.7

No
fibrosis

(n=93)

66+14

63.4

28.9+7.0

355

444+118

96121

8.6

2.2

3.2

39.8

9.7

Scattered
mild
fibrosis
(n=357)
64+13

71.4

27.5%7.0

46.9

450+128

97+20

9.5

3.9

2.0

42.9

14.3

Moderate
patchy
fibrosis
(n=506)
66112

77.3

27.5+6.6

64.4

493+133

103+26

12.1

6.5

5.7

59.9

23.7

Substantial
fibrosis

(n=144)

68+12

80.6

28.5%7.2

72.0

554+154

108+27

16.7

10.4

4.9

64.6

33.3

P value

0.004

0.005

0.11

<0.001

<0.001

<0.001

0.11

0.014

0.050

<0.001

<0.001

19



T-wave
amplitude
(avR), mv
aVRT+, %

Inferolateral
ER, %
Pathologic Q
waves, %

JTc, ms

Sokolow-
Lyon index,
mV
Abnormal

ECG, %

Table 1. Characteristics and ECG findings classified by the degree of fibrosis among all SCD victims

with prior ECG (n=1,100). aVRT+= positive T wave in lead aVR, ER=Early repolarization,

0.10+0.12

16.3

21.0

13.7

327+36

1.9+1.0

83.0

-0.14+0.12

9.7

16.1

4.3

325+36

1.840.9

75.3

-0.12+0.11

11.8

20.7

9.2

326+32

1.8+0.9

73.7

-0.10+0.12

17.4

21.7

14.6

329+37

2.0+1.0

88.5

-0.05+0.12

27.8

22.2

27.8

321442

1.9+1.0

91.7

<0.001

<0.001

0.65

<0.001

0.19

0.004

<0.001

IVCD=Intraventricular conduction delay, LBBB=Left bundle branch block, NS=Not significant,

RBBB=Right bundle branch block, TWI=T-wave inversion. ECG was stated as normal in the absence of

QRS fragmentation, pathologic Q waves, prolonged QRS complex (>110ms), T-wave inversions, positive

T waves in aVR lead, prolonged QTc interval (440ms in women, 460ms in men), inferolateral early

repolarization and Sokolow-Lyon index >3.5 mV.
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ECG variable

QRS>110ms, %
LBBB, %

IVCD, %
Fragmented QRS,
%

Pathologic Q
waves, %

TWI, %

avVRT+, %
Any ECG

abnormality, %

No/scattered mild

fibrosis (n=450)

14.4
3.6
9.3

42.2

8.2

13.3

11.3

74.0

Moderate
patchy/substantial

fibrosis (n=650)

26.8
7.4
13.1

60.9

17.5

25.8

19.7

89.2

P value

<0.001

0.008

0.056

<0.001

<0.001

<0.001

<0.001

<0.001

Table 2. ECG abnormalities in subjects with at least moderate patchy fibrosis in comparison to those with

no more than scattered mild fibrosis. aVRT+= positive T wave in lead aVR, IVCD=Intraventricular

conduction delay, LBBB=Left bundle branch block, TWI=T-wave inversion. ECG was stated as normal

in the absence of QRS fragmentation, pathologic Q waves, prolonged QRS complex (>110ms), T-wave

inversions, positive T waves in aVR lead, prolonged QTc interval (440ms in women, 460ms in men),

inferolateral early repolarization and Sokolow-Lyon index >3.5 mV.
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