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Cardiomiopatia dilatativa non ischemicaECG:MARKERS DIAGNOSTICI EPROGNOSTICI



• DCM is one of the most common cardiomyopathies; prevalence between 1:250 and 1:2500
• Up to 50% have a positive familial history and ca. 40% have an identifiable genetic cause
• SCD may be the initial manifestation of DCM in previously asymptomatic individuals.
• The ‘arrhythmogenic DCM’ phenotype, in overlaps with the current concept ofarrhythmogenic cardiomyopathy, can occur in up to one-third of DCM patients
• The arrhythmic stratification in this population remains extremely challenging. Recent datasuggest that both genetic and cardiac magnetic resonance findings can contribute to riskstratification

Dilated Cardiomyopathy

“arrhythmogenic cardiomyopathies”: a spectrum of conditions ofdifferent etiologies whose common denominator is the prominentventricular myocardial scarring and the scar-related Ventriculararrhythmias.



• ECG is rarely normal in DCM; ECG abnormalities reported in morethan 80% of cases
• Historically, ECG in DCM has been considered non-specific.Advances in genotype-phenotype-functional correlations haveimproved understanding of specific ECG patterns typical of certaingenetic or acquired forms of DCM



Left Ventricular Hypertrophy (LVH)

• LVH has been frequently described in ptswith DCM
• Hypertensive aetiology should be excluded
• LVH in DCM could be expression of possibilehypertrophic cardiomyopathy discovered indilatative-hypocinetic phase

• Sokolow-Lyon criteria: R in V5 or V6 + S in V1 >35 mm• Cornell criteria:² R in aVL and S in V3 >28 mm (men)² R in aVL and S in V3 >20 mm (women)



PAGE, VoJ. 5, July-August, 1982Pseudo-infarction pattern

• SV1 or SV2 + RV5 or RV6 ≥ 3.5 mV• Total QRS amplitude in each of the limb leads ≤ 0.8 mV• Poor precordial R wave progression (R/S ratio < 1 in V4)

Left Ventricular Hypertrophy (LVH)



Q Waves

• Pathological Q-wave: duration ≥40 ms or an absolutedepth of >3 mm or an amplitude ≥25% of the ensuingR wave.
• Abnormal Q waves have been described in theanterior, lateral and inferior leads ranging from 7% to36% in DCM
• Inferolateral Q waves should raise suspicion ofmuscular dystrophy (13% of pts with DMD)

Perloff et al American Journal of Medicine 1967



Left Bundle Branch Block (LBBB)

• LBBB is considered the most commoncharacteristics in DCM (≈one third of ptswith DCM)
• LBBB may precede the development ofstructural changes in the heart
• The new onset of LBBB is significantlyrelated to prognosis in pts with DCMTrue BBS: QRS duration ≥140 ms (130 ms in women)QS or rS pattern in V1-V2 and mid-QRS notchingor slurring in ≥2 of leads V1, V2, V5, V6, I, aVL.



Left Bundle Branch Block (LBBB)

Am J Cardiol 2018;121:370–376

**p < 0.005**p < 0.001

LBBB could be the expressionof septal fibrosis …

ACD = aspecificconduction defect;LBD = left bundledisease (EAS or LBBB)RBBB = Right bundlebranch block



Wellens HJ, Europace 2012; 14: 619-620

Selvester QRS score

Left Bundle Branch Block (LBBB)



• Prognostic value of clinical, ECG (QRS and QTc)and CMR findings of 141 pts with idiopathic DCM
• The primary endpoint: cardiac death or suddendeath in 25 (18%)
• LGE in 36 (26%). Pts with LGE had more often aQRS >110 ms than pts without LGE (80.6 vs.61.9%, P = 0.034)

QRS duration



Heart Rhythm 2010 Jan;7(1):74-80

Int J Cardiol 2013 Aug 20;167(4):1417-22

Ann Noninvasive Electrocardiol 2011

QRS fragmentation (1)



J Am Coll Cardiol. 2014 May 13;63(18):1879-89

QRS fragmentation (2)
1570 CHF patients, 572 DCM and 998 ICM
Presence of J wave or fQRS in the Inferior leadspredicted a higher risk for SCD in DCM[HR 4.095; 95% CI 2.132–7.863]



Low QRS voltages
• Definited as QRS complexes with a peak-to-peakamplitude <0.5 mV in all peripheral leads.
• LQRSV may be observed in pts with conditions thatlead to a diseases characterized by loss of myocyteswith replacement fibrosis (ACM, cardiac sarcoidosis,healed myocarditis, or idiopathic NILVS).
• Low QRS voltages are characteristic of FLNC, PLN,and DSP and may precede any echocardiographicchanges



Low QRS voltages
Cipriani et al, JAHA 2020; 9:e014628



• 30 yo man• Negative familiar history• History of myocarditis• ECG Holter monitoring:frequent PVBs, NSVT• Echo: LV dilation, LVEF40%



• 30 yo man• Negative familiar history• History of myocarditis• ECG Holter monitoring:frequent PVBs, NSVT• Echo: LV dilation, LVEF40%

Genetic analysis: likely pathogenic
variant in Desmoplakin (DSP) gene



T wave inversion (TWI)

• Common detected in pts with DCM
• Possible overlap with ArrhythmogenicCardiomyopathy
• TWI could be found in FLNC and DSPgenotypes (especially in lateral leads)



• Prospective, observational cohort study;
• 1293 Pts with AF diagnosed before 66 yothat underwent whole genomesequencing;
• 934 [72.2%] male; median age at AFdiagnosis, 50 [41-56] yo;
• 131 participants (10.1%) with a disease-associated variant

JAMA Cardiol. 2021;6(12):1371-1379.

Atrial Fibrillation (AF)
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Atrial Fibrillation (AF)

• Early onset of AF in young individuals,may suggest genetic origin (LMNA, TTN,SCN5A, DES)
• Atrial fibrillation negatively impacts theprognosis of pts with DCM



Atrio-Ventricular Block

• Atrioventricular conduction abnormalities inyoung pts could be sign of genetic disease(neuromuscular diseases, LMNA, DES, ionchannel disorders like SCN5A)
• or non genetic disease (cardiac sarcoidosis,myocarditis due to Lyme disease, Chagasdisease)

• C.M, 30 yo female;• Familiar history of hypertension and AF• Negative medical history• Symptomless• Medical visit to obtain the certificate of eligibilityto practice sports.
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SARCOIDOSIS



414 pts with DCM (mean age 45 yo, 71% male).
The study outcome measures were death or heart transplant (D/HT) and sudden death ormalignant ventricular arrhythmias (SD/MVA). Median follow up 125 months (IQR 77 – 216)
7% LBBB, 17% LVH according Sokolow – Lyon; ≈6% inferior Q waves, ≈6% lateral Q waves13% anterolateral T-waves inversion.

Low QRS voltages in 6%, fragmented QRS in more than 20% of patients.
10.6% normal ECG.

J Cardiovasc Med 2019, 20:450–458



13% of pts D/HT at multivariate analisis:
 Heart rate [1.025; 95% CI 1.07 –1.042; P =0.005]
 Inverted T-waves in anterolateralleads (HR 1.976; 95% CI 1.029 –3.796; P = 0.041)

J Cardiovasc Med 2019, 20:450–458



• 14% of pts SD/MVA. Predictors at multivariateanalysis:
 inverted T-waves in anterolateral leads (HR2.141; 95% CI 1.148–3.991; P = 0.017)
 higher amplitude of S wave in V2 (HR 0,961;95% CI 0.933 – 0.990; P = 0.008) and of R waveon II (HR 0.901; 95% CI 0.834–0.972; P=0.007)protective factors.

J Cardiovasc Med 2019, 20:450–458



Europace (2016) 18, 1850–1859

• 108 pts: 72 non ischemic dilated cardiomyopathy (NIDCM) and36 minimal structural abnormalities (NICM)
• Anterospetal (AS) or inferolateral (IL) scar based on imaging andvoltage mapping studies
• A small r in V3 and the presence of substantial conduction delaywith lengthening of the PR interval, or QRS duration or a pacedrhythm with a CRT device are all criteria that suggest an AS scarpattern
• A PR interval of <170 ms and a low voltage, q wave orfragmented QRS in the limb leads is more frequently observed incases with an IL scar pattern, both in NIDCM and in NICM pts.



Europace (2016) 18, 1850–1859

PR <170 ms or QRS voltage in inferiorleads < 0.6 mV or lateral q wave : 92%sensitivity and 90% specificity forpredicting an IL pattern in NICM

Paced ventricular rhythm or PR > 230 msor QRS > 170 ms or an r ≤ 0.3 mV in V3:92% sensitivity and 81% specificity inpredicting AS scar pattern

• 108 pts: 72 non ischemic dilated cardiomyopathy (NIDCM) and36 minimal structural abnormalities (NICM)
• Anterospetal (AS) or inferolateral (IL) scar based on imaging andvoltage mapping studies
• A small r in V3 and the presence of substantial conduction delaywith lengthening of the PR interval, or QRS duration or a pacedrhythm with a CRT device are all criteria that suggest an AS scarpattern
• A PR interval of <170 ms and a low voltage, q wave orfragmented QRS in the limb leads is more frequently observed incases with an IL scar pattern, both in NIDCM and in NICM pts.



Among patients with NICM, VT, and normal QRS duration, V1 R ≥ 0.15mV and V6 S ≥ 0.15 mV predicted presence of basal-lateral LV areasof bipolar low voltage. J Cardiovasc Electrophysiol, Vol. 22, pp. 1351-1358, December 2011



Merlo et al. EJHF (2018) 20, 228–239

• ECG features are clues ofspecific genetic DCMsubtypes
• The approach in ECGanalysis should befocusing on specific 'redflags’



• 30 yo female
• Family history of DCM (Mother)
• Symptomatic for palpitation during effort
• ECG Holter monitoring: frequent PVBs
• Normal echocardiogram findings
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• 30 yo female
• Family history of DCM (Mother)
• Symptomatic for palpitation during effort
• ECG Holter monitoring: frequent PVBs
• Normal echocardiogram findings

Genetic analysis: likely pathogenic
variant in filamin C gene (FLNC) in
proband (mother) and daughter



• 48 yo female• Familiar history of SCD and arrhythmias (sister)• First evidence of atrial fibrillation (AF)• Symptomless• LVEF 55% ; atrial enlargement• ECG Holter monitoring: slow AF (average heartrate 50 bpm), frequent PVBs and couplets
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• 48 yo female• Familiar history of SCD and arrhythmias (sister)• First evidence of atrial fibrillation (AF)• Symptomless• LVEF 55% ; atrial enlargement• ECG Holter monitoring: slow AF (average heartrate 50 bpm), frequent PVBs and couplets

Genetic Analysis: likelypathogenic LMNA variant



ECG in LMNA genotypes
Ollila et al. Open Heart 2017;4:e000474

• 27 LMNA mutation carriers, 78 pts with idiopathic DCMwithout an LMNA mutation; 20 healthy controls.
• ECG signs of “septal remodelling” in 81% LMNA mutationcarriers (76% concordantly with septal LGE) , 21% DCMcontrols and none of the healthy controls;

V1
V2

V3



Under Review

Our Experience ..



The aims of the study were:
1. To describe the ECG characteristics of a large cohort of patientswith DCM and to compare them with a age and sex-matchedpopulation of healthy subjects ;
1. To correlate ECG abnormalities with LGE-CMR findings;
1. To explore the prognostic value of the comprehensive ECGevaluation in addition to clinical and CMR parameters.



FOLLOW UPComposite endpoint: sudden cardiacdeath (SCD), aborted SCD or appropriate ICDshock forventricular tachycardia/ventricularfibrillation.

*LVEF <50% at baseline
evaluation in the absence of
possible causes of systolic

impairment

158 pts with DCM includedMedian age 54±13 years; 67% men

Personal history; Family history; Physical Examination;ECG; Echo; ECG Holter; CMR; Genetic Test

538 Patients With DCM* (Policlinico Casilino)

ECG findings CMR findings
Control Group56 individualsmean age 54.5±10.2 yearsNo familiar history, negative CMR

Excluded: No interpretableECG,paced rhythm, inadequateecho or CMR data, or follow-up



Karim Wahbi, MD, PhD et al; Circulation 2021Karim Wahbi, MD, PhD et al; Circulation 2021Karim Wahbi, MD, PhD et al; Circulation 2021

1. ECG in DCM
population











• LGE in 79 pts (49.7%)
• LPFB, LAFB, pathological Q-waves, R in V1 >3 mm and sum of R-wave≤11 mm in leads I-II had the greatest accuracy for LGE identification(sensitivity 69.6%; specificity 66.2%; PPV 67.0% and NPV 68.8%)



• A 21-year-old white female swimming instructor
• Mild reduction of LVEF
• Aborted Cardiac Arrest occurred just after exercise.

B C





Karim Wahbi, MD, PhD et al; Circulation 2021Karim Wahbi, MD, PhD et al; Circulation 2021Karim Wahbi, MD, PhD et al; Circulation 2021

2. ECG and LGE
distribution



Ringlike pattern was found in 49.7% patients

ECG and LGE distribution



ECG and LGE distribution



ECG and CMR



ECG and CMR





Karim Wahbi, MD, PhD et al; Circulation 2021Karim Wahbi, MD, PhD et al; Circulation 2021Karim Wahbi, MD, PhD et al; Circulation 2021

3. ECG andMajor
Arrhythmic
Events



Over a median 40-monthsfollow-up (16.2–66),
25 patients (15.7%)reached the compositeendpoint









• DCM phenotype includes several acquired and genetic causes, which could
determine the different outcome in DCM patients. SCD may be the first
manifestation in asymptomatic patients and a correct and timely diagnosis is
challenging.

• ECG is a simple, cost-effective, widespread available tool and yieldsan instantresult.

Conclusions (1)



• ECG in patients with DCM is rarely normal and ECG abnormalities should
trigger initiation of diagnostic work up. ECG abnormalities could precede overt
structural changes

• The approach in ECG analysis should be focusing on specific 'red flags’

• Specific ECG signs deserve proper clinical attention and provide an incremental
prognostic value in addition to clinical, structural and genetic data in the
identification of patients with “DCM arrhythmogenic phenotype”

Conclusions (2)



Karim Wahbi, MD, PhD et al; Circulation 2021Karim Wahbi, MD, PhD et al; Circulation 2021Karim Wahbi, MD, PhD et al; Circulation 2021

• LGE was detected in 92.8% patients with DSP/FLNC and LMNA 24 genotypes.
• Septal LGE distribution was observed in 5 out of 7 pts with LMNA mutations;inferolateral LGE distribution was present in subjects with DSP/FLNC mutations.

Extra (Genetic findings)



Extra (Genetic findings)



Karim Wahbi, MD, PhD et al; Circulation 2021Karim Wahbi, MD, PhD et al; Circulation 2021Karim Wahbi, MD, PhD et al; Circulation 2021

Extra (CMR findings)



Karim Wahbi, MD, PhD et al; Circulation 2021Karim Wahbi, MD, PhD et al; Circulation 2021Karim Wahbi, MD, PhD et al; Circulation 2021

Extra (CMR findings)



Extra (Clinical data)



Extra (ECG data)



Over a median 40-months follow-up (16.2–66),
25 patients (15.7%) reached the composite endpoint



839 adult pts with LMNA
mutations: 444 pts in the
derivation sample and 145
pts in the validation sample

A 5-year estimated risk
threshold ≥7% predicted
96.2% of LTVTA and net
reclassified 28.8% of
patients with LTVTA in
comparison with the
guidelines-based approach

Karim Wahbi, MD, PhD et al; Circulation 2021Karim Wahbi, MD, PhD et al; Circulation 2021Karim Wahbi, MD, PhD et al; Circulation 2021

Karim Wahbi, MD, PhD et al; Circulation 2021

ECG in LMNA genotypes



Ortiz-Genga et al. J Am Coll Cardiol 2016;68:2440–51)

• Filamin C gene (FLNC) variants account forabout 4% of DCM cases
• Filamin C protein is essential in providingmechanical link and signal transmissionbetween sarcomere and plasmaticmembrane
• Overlapping phenotype of dilated andleft-dominant arrhythmogeniccardiomyopathies complicated byfrequent premature SCD
• VAs often before overt LV dysfunction



• 61 years-old man• Negative familiar history of DCM/SCD• Holter ECG : 1377 PVC• Echo: LVEF 45%• CMR: LGE with ringlike pattern
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Genetic Analysis: phospholamban (PLN)p.Arg14del mutation



• 679 PLN p.Arg14del mutation carriers with nohistory of malignant VA at baseline; median age 42years. 10.6% composite endpoint of malignant VA
• Significant predictors were LVEF, PVC count/24 h,amount of negative T waves, and presence of low-voltage.
• The multivariable model had an excellentdiscriminative ability


