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Myocardial Scar and Ventricular Repolarization on the
electrocardiogram: Insights from Cardiac Magnetic Resonance Imaging

Luciano C. Amado’
University of Minnesota Physicians,” Minneapolis, Minnesota — USA

Short Editorial related to the article: Relationship between Late Gadolinium Enhancement and Ventricular Repolarization Parameters in Heart

Failure Patients with Reduced Ejection Fraction

Myocardial fibrosis is a final common feature of most
inflammatory pathway and is frequently seen in patients
with heart failure with reduced ejection fraction (HFrEF)."?
Myocardial scar, detected by contrast enhanced magnetic
resonance imaging (ce-MRI), has been shown to be a
predictor of prognosis and sudden cardiac death in patients
with HFrEF> Cardiac MRI has emerged as a non-invasive
gold standard for the assessment of scar and risk prediction
of ventricular arrhythmias.*>”® Nevertheless, cardiac MRI
can be time consuming, expensive, and not easily available.

The 12-lead surface electrocardiogram (ECC) is a simple
and inexpensive diagnostic tool that is widely used in clinical
practice for the diagnosis of cardiac arrhythmias. The ECG
waveform is the expression of the transmembrane action
potentials and is composed of two distinct processes:
depolarization and repolarization.’ Ventricular repolarization is
a complex electrical phenomenon which in clinical practice is
measured from the beginning of the QRS complex to the end
of the T-wave."? Cardiac structural and electrical changes may
cause action potential abnormalities, affecting the refractory
period and thus favoring the onset of ventricular arrhythmias.™

In this issue of the Arquivos Brasileiros de Cardiologia, Erturk et
al." conducted an observational, retrospective study evaluating
the relationship between myocardial scar by ce-MRI and several
electrocardiographic parameters of ventricular repolarization
in patients with HFrEF. The authors observed prolonged
measurements of QTc interval, Tp-e interval, and frontal QRS-T
angle in patients with HFrEF who exhibited myocardial scar on
ceMRI compared to those who did not.

Based on multivariable analysis, Tp-e interval was the best
parameter to predict the presence of myocardial scar. The
authors concluded that it is possible to predict myocardial
scar in HFrEF using ECG parameters.™

There are limited reports concerning the relationship
between the presence of myocardial scar and changes in the
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ECC. In experimental models, the induction of subendocardial
scar formation has been shown to prolong repolarization
time of the M cells,”"? which determines the QT interval.
Previous studies have shown a strong association between the
presence of subendocardial scar and the abnormal ventricular
repolarization in patients with coronary artery disease."
Interestingly, community-based cardiac MRI studies have also
demonstrated that the presence of subclinical scar detected by
ceMRI was associated with increased mortality."* Therefore,
abnormal ventricular repolarization detected by ECG may be
useful in predicting subclinical myocardial scar and identifying
high risk patients.

Although the study presents encouraging results that add
important information to prior reports,''3'% it has several
limitations, including the small sample size, single-center
patient selection and the retrospective and observational
design. Large prospective studies are needed to validate the
ventricular repolarization parameters proposed here. The
investigators established a solid basis of information that will
move forward the electrocardiography field in future studies.

This study, Erturk et al."" also highlights the intimate
relationship between myocardial fibrosis and disturbances
in electrical conduction. There has been a substantial effort
in understanding scar composition and related electrical
instability.>>” It is well known that areas of scarred tissue
exhibit regions of slow conduction that favor reentry circuits
and predispose to ventricular tachycardia. However, the
underlying mechanism that yield ventricular fibrillation is less
clear. Electrical instability is rarely the consequence of a single
abnormality but rather a dynamic process involving of a group
of factors that together lead to a fatal event. Consequently,
new methods incorporating different modalities are needed
to characterize ventricular electrical instability. The current
study motivates the development of larger, prospective study
to evaluate the use of ECG for screening of myocardial scar
and consequent evaluation of ventricular arrhythmia risk.


https://orcid.org/0000-0002-5207-2992
mailto:lucianoamado@hotmail.com

Amado
Myocardial Scar and Ventricular Repolarization

Short Editorial

References

Macedo R, Schmidt A, Rochitte CE, Lima JAC, Bluemke DA. MRI to assess
arrhythmia and cardiomyopathies [Internet]. Vol. 24, Journal of Magnetic
Resonance Imaging. 2006;24(6):1197-206. doi.org/10.1002/jmri.20739

Mello RP de, Szarf G, Schvartzman PR, Nakano EM, Espinosa MM, Szejnfeld D,
etal. Delayed enhacement cardiac magnetic resonance imaging can identify the
risk for ventricular tachycardia in chronic Chagas’ heart disease. Arq Bras Cardiol.
2012 May;98(5):421-30.

Mewton N, Liu CY, Croisille P Bluemke D, Lima JAC. Assessment of myocardial
fibrosis with cardiovascular magnetic resonance. ] Am Coll Cardiol. 2011 Feb
22;57(8):891-903.

Boyé P Abdel-Aty H, Zacharzowsky U, Bohl S, Schwenke C, van der Geest R},
etal. Prediction of life-threatening arrhythmic events in patients with chronic
myocardial infarction by contrast-enhanced CMR. JACC Cardiovasc Imaging.
2011 Aug;4(8):871-9.

SchmidtA, Azevedo CF, Cheng A, Gupta SN, Bluemke DA, Foo TK, et al. Infarct
tissue heterogeneity by magnetic resonance imagingidentifies enhanced cardiac
arrhythmia susceptibility in patients with left ventricular dysfunction. Circulation.
2007 Apr17;115(15):2006-14.

Desjardins B, Crawford T, Good E, Oral H, Chugh A, Pelosi F, et al. Infarct
architecture and characteristics on delayed enhanced magnetic resonance
imaging and electroanatomic mappingin patients with postinfarction ventricular
arrhythmia. Heart Rhythm. 2009 May;6(5):644-51.

Nazarian S, Bluemke DA, Lardo AC, Zviman MM, Wu KC, Watkins S, et al.
Magnetic resonance assessment of the substrate for inducible ventricular
tachycardia in patients with non-ischemic dilated cardiomyopathy. Heart Rhythm.
2005 May;2(5):581.

deHaanS, Meijers TA, Knaapen P Beek AM, van Rossum AC, Allaart CP. Scar size
and characteristics assessed by CMR predict ventricular arrhythmias in ischaemic

10.

11.

12.

13.

14.

15.

cardiomyopathy: comparison of previously validated models. Heart. 2011
Dec;97(23):1951-6.

Yan G-X, Lankipalli RS, Burke JF, Musco S, Kowey PR. Ventricular repolarization
componentsonthe electrocardiogram. J Am Coll Cardiol. 2003 Aug;42(3):401-9.

Monitillo F, Leone M, Rizzo C, Passantino A, lacoviello M. Ventricular
repolarization measures for arrhythmic risk stratification. World J Cardiol.
2016 Jan 26;8(1):57-73.

Demir AR, Celik O, Ustindag S, Uygur B, Somuncu MU, Yilmaz E, et
al. Relagdo entre o Realce Tardio pelo Gadolinio e os Parametros de
Repolarizagao Ventricular em Pacientes com Insuficiéncia Cardiaca com
Fragdo de Ejecao Reduzida. Arq Bras Cardiol. 2021; 117(4):678-687.

Yan GX, Antzelevitch C. Cellular basis for the normal T wave and the
electrocardiographic manifestations of the long-QT syndrome. Circulation.
1998 Nov 3;98(18):1928-36.

Scott PA, Rosengarten JA, Shahed A, Yue AM, Murday DC, Roberts
PR, et al. The relationship between left ventricular scar and ventricular
repolarization in patients with coronary artery disease: insights from late
gadolinium enhancement magnetic resonance imaging. Europace. 2013
Jun;15(6):899-906.

Kwong RY, Chan AK, Brown KA, Chan CW, Glenn Reynolds H, Tsang S, et
al. Impact of Unrecognized Myocardial Scar Detected by Cardiac Magnetic
Resonance Imaging on Event-Free Survival in Patients Presenting With Signs
or Symptoms of Coronary Artery Disease [Internet]. Vol. 113, Circulation.
2006.113(23): 2733-43. doi.org/10.1161/circulationaha.105.570648

Mewton N, Strauss DG, Rizzi P, Verrier RL, Liu CY, Tereshchenko LG, et
al. Screening for cardiac magnetic resonance scar features by 12-lead
ECG, in patients with preserved ejection fraction. Ann Noninvasive
Electrocardiol.2016;21(1):49-59. Doi:10.111/anec.12264

This is an open-access article distributed under the terms of the Creative Commons Attribution License

Arq Bras Cardiol. 2021; 117(4):688-689

689



