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SUMMARY

Objective: Early repolarization pattern (ER) on surface ECG has recently been associated with an increased risk of
sudden cardiac death (SCD) due to lethal ventricular arrhythmias. Inflammatory markers such as high-sensitive-C-
reactive peptide (hs-CRP) have been linked with an increased risk of SCD and cardiac morbidity in numerous
publications for various cardiovascular settings. However, data about the relationship between the inflammatory
markers and ER is scarce. We sought to evaluate the relationship of subclinical inflammatory markers and the presence
of ER on healthy Turkish males.

Materials and Methods: 180 healthy male volunteers between >18 to <50 years old without any cardiac/systemic
disorders were evaluated for our study. Supine surface ECG, complete blood count, hs-CRP, Erythrocyte sedimentation
rate (ESR) and serum electrolytes were obtained. Subjects with complete-bundle-branch-blocks, non-sinus-rhythms and
any abnormality on cardiac examination were excluded. ER was defined as J-point elevation of >0.1 mV in >2 leads in
the inferior (11, 111, aVF) (Inferior ER), lateral (DI, aVL, V4-6) (Lateral ER) or both (Inferolateral ER) leads.

Results: 172 subjects (mean age 34,9+7,9 years) were included in our analyses. 45 ER (26%) was detected. 22 of them
were lateral (49%), 13 was inferior (29%) and 10 of them were (22%) inferolateral ER. ER+ subjects had significantly
higher hs-CRP levels (mg/dl, mean+SD) (ER- 1.7+1.8 vs ER+ 3.1+2.9, p<0.01). No significant association could be
demonstrated with other inflammatory parameters. In the subgroup analyses, only inferior ER was significantly
associated with higher hs-CRP levels compared with the ER - population, while hs-CRP levels of subjects with lateral
and infero-lateral ER was not significantly higher (ER- 1.7+1.8 vs Inferior ER 4.5 + 3.1, p<0,01). In multivariate
analyses, high hs-CRP levels were significantly predicting the presence of ER (Odds ratio: 1,24; %95 CI: 1,06 - 1,46; p
=0,008).

Conclusions: Subclinical inflammation might influence the prevalence of ER on young healthy males. Suggestively
more malignant Inferior ER seems to be mainly associated with the high hs-CRP levels in Turkish male population.
This finding might be attributed to the experimentally demonstrated effects of inflammation on various cardiac ion
channel functions taking part in the cardiac action potential.
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INTRODUCTION

Early repolarization pattern (ER) which is defined
as an elevation of the junction between the end of
the QRS complex and the beginning of the ST
segment (the J-point) from isoelectric line in leads
except V1 to V3 on surface ECG has traditionally
been considered as a benign finding, however it
has recently been associated with an increased
risk for sudden cardiac death and lethal
ventricular arrhythmias (VA) “°. The presence of
ER has been shown as a sign for increased
mortality and morbidity in numerous cardiac
conditions recently, such as coronary artery
disease ® and heart failure *. The prevalence of ER
considerably ranges between 1%-5% to 35%,
depending on age (predominant in young athletic
adults), sex (prevalent in males), race (common in
black populations) and by definition of ERP on
that specific cohort (i.e. J-point elevation > 0,05
or 0,1 mV or more) >, In general population, the
inferior/infero-lateral distribution of ERPs with
horizontal/downsloping ST  segments  has
previously been shown to suggest an increased
risk of lethal VA whereas lateral ER especially
presenting with upsloping ST-segments have not
predicted any increased risk of lethal arrhythmia
1259 ER with documented VA is defined as Early
Repolarization Syndrome and is grouped in a
spectrum called “J wave Syndromes” including
Brugada Syndrome and Idiopathic Ventricular
Fibrillation sharing similar physiopathological
characteristics such as mutations in the genes

leading to loss of function in cardiac Na*and Ca*?
channels as well as to a gain of function in K*
channels [l, or (ATP dependent) lx.ate] °.

There is substantial amount of evidence
demonstrating that inflammatory processes are
firmly linked to the initiation, development and
deterioration of cardiovascular diseases .
Elevated levels of inflammatory markers,
especially C-reactive peptide (CRP), have
previously been shown to be predictive of future
cardiovascular events manifesting a dominant
subclinical and occult ongoing inflammatory state
1011 "Even though their role is less defined than
atherosclerotic processes, the significance of
inflammatory markers has also recently been
implicated in various arrhythmic events %,
Inflammatory mediators has been shown to effect
the functions of potassium and L-type-calcium
channels taking part in the action potential of
myocardial excitable cells predominantly leading
to a prolonged action potential duration which
might be considered as a good substrate for atrial
and ventricular malignant arrhythmias *.
Regarding the effects of inflammation in J-Wave-
Syndromes, the prognosis of Brugada Syndrome
seems to be closely related with the acute or
chronic inflammatory states, making the prognosis
grimmer as the inflammatory markers, especially
CRP, are found to be increased ***°. However, to
our knowledge, there is no clinical research on the
Western literature specifically designed to define
the effects of inflammation on ER.



Herein; we sought to evaluate the relationship of
some contemporary subclinical inflammatory
markers that has previously been shown to have
an effect on cardiovascular health such as CRP,
neutrophil to lymphocyte ratio *°, uric acid ',
inflammatory ~ complete-blood-count  (CBC)
parameters *® and the presence of ER on healthy
Turkish males with an aim to investigate a
possible link between the poor prognostic
cardiovascular features and the markers of
inflammation that can easily be reached and
checked in a routine clinical setting.

METHODS

180 healthy male volunteers between >18 to <50
years old without any previously known or
diagnosed cardiac or systemic disorders and no
acute inflammatory complaints or clinical findings
consistent with acute inflammation were
prospectively and consecutively evaluated for
participation in our study. The study complies
with the Declaration of Helsinki, patients
provided signed informed consent prior to the
procedures and the local ethical committee
approval obtained.

Supine 12-lead surface ECG, complete blood
count, high sensitivity (hs)-CRP, Erythrocyte
sedimentation rate (ESR), lipid profile, serum uric
acid, renal function tests and serum electrolytes
were obtained together with thorough physical
examination. Subjects with complete bundle
branch blocks on ECG, non-sinus rhythms and
any abnormal findings on cardiac examination
were excluded from the study.

Electrocardiographic assessment

The 12-lead ECGs were recorded at 25 mm/s with
a calibration of 10 mm/mV and uploaded on the
hospital ECG database at 300 DPI. These images
were amplified x 10 and then baseline heart rates,
PR, QRS, QTc (Bazett) intervals were manually
measured by electronic calipers. The presence of a
lateral (I, aVL, V5-V6), inferior (Il, 11, aVF) or
infero-lateral (I1, 111, aVF, I, aVL, V5-V6) ER was
defined as an evident J-point elevation of at least
1 mm (0.1 mV) above the isoelectric line in at
least two consecutive leads with either QRS
slurring (i.e. a smooth transition from the end
QRS to the beginning of ST-segment) or notching
[positive deflection (J-wave) occurring
immediately after a positive QRS complex at the
onset of the ST-segment]. We stuck to the most
recently proposed terminology from the latest
international consensus documents for the ECG
definition of ER °*°, and “J peak” was accepted as
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“J point” denoting the peak of a notch or onset of
a slur. All the ECGs were analysed by the author
in a blinded fashion for the laboratory findings of
the patients with borderline results being
reassessed by another experienced cardiologist.

Blood tests and analysis

Venous blood samples were drawn with patients
after they rest supine for about 15 min prior to
sampling. Samples were drawn atraumatically
without venous stasis through a 21-gauge cannula
inserted into an antecubital vein using
ethylenediamine tetraacetic acid containing
monovettes (Sarstedt, Nuembrecht, Germany),
and transferred immediately to the laboratory to
be centrifuged. Hs-CRP level was measured on
Cobas Integra 400 Plus using a latex particle-
enhanced immunoturbidimetric assay following
the manufacturer's instructions (Roche
Diagnostics, Indianapolis, IN). The measuring
range for this assay was 0.01-20 mg/dL. The ESR
was determined by Westergren’s method. The
complete blood counts were evaluated using an
auto-analyzer Sysmex XT-1800i Hematology
Analyzer (Sysmex Corporation, Kobe, Japan).
Neutrophil to lymphocyte ratio was calculated as
the ratio of neutrophils to lymphocytes from these
results. The remaining routine biochemistry
parameters have been determined by the core
laboratory.

Statistical analysis

Continuous variables are expressed as mean + SD
(if the parameter is normally distributed) or
standard error of mean (SEM =+ SD) whichever is
suitable. If appropriate, they were compared using
the Student’s t-test. Categorical variables are
expressed as numbers and percentages and, if
appropriate, were compared with the Chi-square
analysis. Univariate and later multivariate analysis
was performed to determine the predictive value
of significant and predetermined confounders on
the ER observations using the Cox regression
model. A p value < 0.05 was accepted statistically
significant. Statistical analysis was performed
using SPSS 20.0 (IBM Inc., Armonk, New York,
USA).

RESULTS

Out of 180 volunteers, 172 male subjects (mean
age 34,9+7,9 years) were included in our analyses
after the application of inclusion criteria. ER (+)
subjects were significantly younger, had a lower
basal heart rate, longer PR interval and had
significantly higher hs-CRP levels compared with
the ones without (Table-1). In total, 45 ER (26%)



was detected on ECG. 22 of them were lateral
(49%), 13 was inferior (29%) and 10 of them were
(22%) inferolateral ER (Figure-1 to 3). However,
no significant association could be demonstrated
with ESR, white blood cell count, neutrophil to
lymphocyte ratio and uric acid levels. In the
subgroup analyses, only Inferior ER was
significantly associated with higher hs-CRP levels
compared with the ER (-) population, while hs-
CRP levels of subjects with lateral and infero-
lateral ER was not significantly higher (Table-2).
In univariate analyses, high hs-CRP levels were
significantly predicting the presence of ER (Odds
ratio: 1,24; %95 CI: 1,06 - 1,46; p = 0,008). In the
model including Age, BMI, Uric acid, NLR and
hs-CRP, multivariate regression analysis was
performed and hs-CRP was found to be the most
significant parameter to predict the presence of
ER on ECG even outperforming “Age” which had
also qualified in the analysis until last step with a
borderline significance level as well (Table-3).
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Figure 1. Prevalence and the distribution of early
repolarization patterns in study population.
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Figure 2-2a: Lateral early repolarization pattern example. Arrows indicate QRS slurring with around 2 mm J point
elevation followed by upsloping benign ST segment changes. 2b: Inferior early repolarization pattern example. Arrows
indicate QRS slurring with around 1 mm J point elevation and a malignant type horizontal ST segment elevation is

followed.



Table 1. Baseline parameters of the population with and without early repolarization pattern.
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ER (-) ER (+)

- P value
Number of subjects (n=127) (n=45)
Age (years) 355+8.1 32.6+6.8 0.03
Weight (kg) 83.1+113 | 81.2+11.2 0.87
Height (cm) 176.1+56 | 176.6+4.5 0.31
Body mass index (kg/m?) 26.7+3.2 26.1+3.6 0.23
Electrocardiogram
Heart rate (b.p.m 73.9+115 | 68.4+10.3 <0.001
QTc duration (ms) 404.4+183 | 404.1+£145 0.89
PR duration (ms) 153.9+20.3 | 163.3+21.6 0.01
QRS duration (ms) 904+112 | 91.9+10.2 0.30
Laboratory results
Glucose (mg/dL) 86.8 +10.9 86.6 + 10.6 0.93
BUN (mg/dL) 29.2+7.0 29.4+7.0 0.84
Creatinin (mg/dL) 091+0.12 | 0.88+0.10 0.14
Uric acid (mg/dL) 53+1.0 54+1.0 0.83
Sodium (mmol/L) 143.1+24 1429+24 0.66
Potassium (mmol/L) 45+0.3 46+0.3 0.49
Hemoglobin (g/dL) 14.5£0.9 14.4+£0.7 0.47
Platelet count (10°/uL) 233.2+57.7 | 234.4+49.6 0.91
White blood cell count (10%puL) 597+14 5.62+1.11 0.13
Neutrophil (10°/uL) 3,15+1.01 | 2.86+0.89 0.09
Lymphocyte (10%/uL) 2.03+£046 | 1.88+0.53 0.09
Neutrophil-to-lymphocyte ratio (%) 15+04 1.7+0.7 0.30
High sensitive C-reactive protein (mg/L) 1.7+18 3.1+29 <0.001
Erythrocyte sedimentation rate (mm/h) 6.9+47 83+6.2 0.14
Total cholesterol (mg/dL) 184.1+35.5 | 180.1+29.8 0.51
HDL (mg/dL) 41.2+8.6 43.1+10.0 0.27
LDL (mg/dL) 112.9+27.9 | 110.0+245 0.56
Triglycerides (mg/dL) 145.9+82.6 | 129.1 +63.4 0.23
Abbreviation: ER: Early repolarization pattern
Values are mean + Standard error of the mean (SEM).
Statistically significant (p < 0.05).

Table 2. Association of hs-CRP levels with subgroups of early repolarization patterns compared with subjects without
early repolarization.

Parameters hs-CRP level (mg/dl, mean + SD) p value
No ER 1.7+1.8

Inferior ER (n=13) 45+3.1 0.01
Inferolateral ER (n=10) 2.1 £2.2 0.98
Lateral ER (n=22) 26+29 0.24

Abbreviation: ER: Early repolarization pattern, hs-CRP: High-sensitive C-reactive peptide
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Figure 3: Inferolateral early repolarization pattern. Arrows indicate QRS slurring with around 1 mm J point elevation
and a benign type upsloping ST segment elevation is followed in inferior leads and QRS notching on lateral leads

followed by upslope ST elevations most evident on V4 to V5.

Table 3. Multivariate Cox Regression Analysis to predict early repolarization on surface ECG.

Parameters Odds ratio 95% confidence interval p value
Age 0,95 0,90-1.01 0,05
hs-CRP 1,24 1,06 - 1,45 0,008
BMI 0,95 0,85-1,07 0,486
ESR 1,01 0,94 -1,09 0,725
Uric acid 1.01 0,69 —1.47 0.966
NLR 1.36 0,69-2.71 0.370

Abbreviations: CRP: high-sensitive-C-reactive peptide, BMI: Body mass index, ESR : Erythrocyte

sedimentation rate, NLR: Neutrophil / Lymphocyte ratio.

DISCUSSION

In our young male study group, we detected a ER
prevalence of %26 and a lateral ER predominance
which was consistent with the findings of the
previous similar age and gender matched Western
population based studies’. The ones with ER were
significantly demonstrating ECG parameters
reflecting a somewhat higher vagal tone
(relatively low basal heart rate, longer PR
interval) compared with the ones without ER, a
finding also compatible with the previous

population based studies and proposed ER
mechanisms®>"**®. We intentionally have chosen
to work with a young male population in order to
increase our chance to reveal ER on surface ECG
and to prevent possible confounder systemic or
structural problems which might eventually cause
data loss while working on a rare ECG sign. High-
sensitivity-CRP levels were significantly higher in
the ER(+) group and this significance was mainly
occurring because of the inferior ER subgroup.
High hs-CRP levels were strongly and



significantly predicting the presence of ER in a
multivariate regression model of previously
known confounders/predictors of ER and cardiac
risk including young age.

Clinical and mechanistic aspects of ER

Previous studies put forward that all ER types
does not represent the same cardiovascular
phenotype and some types are more closely
associated with an increased arrhythmic risk.
Observations from population-based studies with
a long follow-up suggest that ER observed on
lateral leads carries the lowest risk and might be
accepted as a real normal-variant whereas risk
progressively increases with inferior ERP and
prominently increases in combined infero-lateral J
wave distribution®®, In J wave syndromes, main
mechanism leading to ERs and Brugada pattern is
explained by an outward shift in cardiac action
potential repolarizing current due to a decrease in
Na" or Ca™ channel currents or an increase in
outward currents (l,, lcate, lk.ach, Or other)
giving rise to a transmural voltage gradient
between endocardium and epicardium on partial
regions of the heart leading to lethal ventricular
arrhythmias °.

Clinical and electrophysiological impact of
inflammation:

It has recently been demonstrated that,
cardiovascular morbidity is significantly increased
in patients with chronic inflammatory states with
a prevalence of ischemic heart disease and heart
failure 1.5 to 2 times higher than in the general
population **?*# Furthermore, also the coronary
atherosclerotic burden and SCD, regardless of the
extent and starting time of clinical atherosclerosis,
is significantly increased in chronic inflammatory
states like rheumatoid arthritis %. Likewise, large
prospective community-based research have also
demonstrated  that  inflammatory  markers,
particularly high-sensitivity hs-CRP and IL-6, are
strong and independent predictors of SCD and
atrial fibrillation in apparently healthy subjects
2425 Although, the progression of coronary
atherosclerosis might sound as the most probable
underlying mechanism, it is also possible that
low-grade systemic inflammation may be per
se pro-arrhythmogenic by inducing cytokine-
mediated structural and electric myocardial
remodelling, and subsequently chronic cardiac
sympathetic activation. Accordingly, population-
based studies established that significant
association exists between inflammatory markers,
and QT-interval, heart rate variability on 24-h
Holter  recordings and  P-wave-dispersion
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abnormalities %%, This suggests that the link
between arrhythmic events and inflammation may
be partly explained by electrophysiological
changes occurring in both ventricular and atrial
myocardium.

Proposed common cellular electrophysiological
cascades:

It has previously been shown on a basic research
study that, perfused hearts from transgenic mice
overexpressing TNFo exhibited a prolonged
action potential duration (APD) and re-entrant
ventricular arrhythmias®®; ventricular myocytes
isolated from these animals  strikingly
demonstrated a robust decrease of the transient
outward current (Ito), and a reduced expression of
the corresponding potassium-channel
protein®. Moreover, it was also shown that TNFa
down-regulates in vitro the rapid component of
the delayed rectifier potassium current (IKr) by
impairing the hERG potassium-channel function.
In addition, experiments on pig and mouse
ventricular cells proved that also IL-6 and IL-1
prolong APD, by enhancing L-type calcium
current®. Most recently, Stumpf et al.*! nicely
demonstrated that athletes with an ER on ECG
had significantly higher atrial filling pressures,
higher LA volume, and higher IL-6 plasma levels,
demonstrating the structural and molecular acute
effects of pronounced inflammatory states.

All the above mentioned studies point to the ionic
mechanisms which are already very actively
taking part in the formation of the transmural
voltage gradient that we see as typical ST segment
elevations and j point notches in some specific
parts of the heart in all types of ER, sometimes
giving rise to dangerous phase-2 reentries and
torsade-de-pointes  episodes>*****®  Hence,
mechanistically it seems logical and appropriate to
intervene any pronounced inflammatory state
more aggressively in patients especially with j
wave syndromes and malignant j-wave patterns.
Future studies designed to investigate this aim
would probably yield more data on our theorical
suggestion based on our data and evidence based
mechanisms about ER.

Limitations:

In our study we only considered the admittance
surface ECG and the dynamic character of the ER
patterns® was our major limitation leading to a
probable underestimation. This aspect of the j
wave phenomenon will always be there in the
clinical studies conducted on this concept because
of its susceptibility to the ever changing



vagal/hormonal tonus and environmental factors
like temperature®®. We tried to overcome this
underestimation problem by trying to conduct our
study on young and male volunteers and
hypothetically increasing our expected ER
prevalence. It would also be better to look for the
Na and K channel mutations in the ER group for
causal definitions. Even though our study design
was cross-sectional, it might be good to follow the
patients with high hs-CRP and ER to see the
ECGs again after the hs-CRP levels normalized.

CONCLUSIONS

Subclinical inflammation seems to influence the
prevalence of ER on young healthy males. Inferior
ER, as a supposedly malignant ER type is
determined to be mainly associated with the high
hs-CRP levels in young Turkish male population.
This finding might be attributed to the
experimentally  demonstrated effects  of
inflammation on various cardiac ion channel
functions taking part in the cardiac action
potential and on the pathophysiology and the
lethal ventricular events observed in ER
syndromes. Arrhythmogenic potential of the
inflammatory states has recently been more
popular with the aging population and with the
ever growing number of patients with chronic
systemic and degenerative diseases***. However,
the mechanistic pathways and the measures to be
taken in order to prevent the bad outcomes for this
seemingly important phenomenon still waits to be
defined.
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