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Asymptomatic young male with abnormal ECG 



EP/anatomic basis for fractionated ECGs recorded from healed MIs 
 (Gardner et al, Circulation 1985;72:596-611) 

 A from a noninfarcted preparation, B and C from 5-day-old infarcts, D and G from 2-week-old 
infarcts, E, F, I, and J from 16-month old infarcts, and H, K, and L from 2-month-old infarcts. 

 Fractionated electrograms were frequently recorded in preparations from infarcts 2 
weeks to 18 months old but only rarely in preparations from 5-day-old infarcts. 

 Fractionated ECGs were recorded in regions where infarct healing caused wide 
separation of individual myocardial fibers while distorting their orientation. The 
anatomic changes, rather than changes in transmembrane resting or action potentials, 
probably caused slow and inhomogeneous activation. 



Definition of fQRS 

 Narrow QRS 

The presence of various 
morphologies of the QRS wave with 
or without a Q wave and includes the 
presence of an additional R wave (R’) 
or notching in the nadir of the R’ 
(fragmentation) in two contiguous 
leads, corresponding to a major 
coronary artery territory. (Das et al, 
Circulation 2006;113:2495-501) 

 Wide QRS 

>2 notches in the R or S wave was 
recorded in ≥2 contiguous anterior 
leads (V1-V5) or in lateral (I, aVL and V6) 
or in inferior leads (II, III and aVF). fQRS 
in a PVC is defined >2 R’ or >2 notches 
in the S wave in 2 contiguous leads. 
fQRS in a PVC also included PVCs with 2 
notches in the R wave, >40 ms apart 
and present in 2 contiguous leads. (Das 
et al, Circ AE 2008;1:258-68) 



Prognostic value of fQRS in CAD 
(Pietrasik and Zareba, Cardiol J 2012; 19, 2: 114–121) 



Prognostic value of fQRS in ischemic and nonischemic cardiomyopathy 
. (Pietrasik and Zareba, Cardiol J 2012; 19, 2: 114–121) 

 

22% 



fQRS for the prediction of SCD: a meta-analysis 
(Rosengarten et al, Europace 2015;17:969-77) 

 fQRS is proposed as a marker of mortality and SCD but the scale of risk is unclear. 

 12 studies (5,009 patients) CAD (60%) or NICM. ICD in 39%. 

 23% died (14-53 months), 11% arrhythmic endpoint (14-49 months) . 

 fQRS is an indicator of all-cause mortality and SCD risk. 

 

 Risk is greater in those with LVEF >35%, with SCD risk worse in those with QRS duration 
<120 ms. These findings suggest that fQRS is best suited as a SCD marker. 

 



fQRS as a marker for risk assessment in HCM 
(Ki-Woon Kang et al, Heart Rhythm 2014;11:1433-40) 

 167 patients (37% men, 56 years) 
with HCM. fQRS in 40%, follow-up 
6.3 years. 

 fQRS was a strong independent 
predictor of ventricular arrhythmic 
events (VAEs; NSVT, sustained VT, 
and SCD).  

 fQRS in the inferior leads was 
most closely related to sustained 
VT or SCD compared to fQRS in 
other territories. 

 fQRS may be a good candidate 
marker for prediction of VAEs in 
patients with HCM.  

Ventricular arrhythmic events 

Ventricular arrhythmic events 



fQRS and other depolarization abnormalities in Brugada syndrome 
(Morita et al, Circulation 2008;118:1697-704) 

 115 patients (98% male, 48±12 years): VF 
11%, syncope 25%, asymptomatic 65%. 

 fQRS was defined as ≥4 spikes in one or ≥8 
spikes in all of V1-V3 leads. 

 fQRS in 43%: 85% in VF group, 50% in 
syncope, 34% in asymptomatic groups. 

 SCN5A mutation (n=66) in 17%: 33% in fQRS 
(+) and 5% in fQRS (-). 

 Significantly decreased VF–free survival in 
the fQRS group as compared with the non-
fQRS group, follow up of 43±25 months. 

 fQRS appears to be a marker for the 
substrate for spontaneous VF in BS and 
predicts at high risk of syncope. 



49-years old male with cardiac arrest and frequent ICD shocks 



Risk stratification in Brugada syndrome -Results of the PRELUDE registry- 

(Priori et al, J Am Coll Cardiol 2012;59:37-45) 

 308 patients (80% men, 45±12 years) 
without history of cardiac arrest. Type 1 
ECG in 56%, fQRS in 8.1%. 

 fQRS: ≥2 spikes within the QRS in V1-V3. 

 PES was performed at enrollment. 

 Cardiac arrest/documented VF in 4.5% 
(13 appropriate ICD shocks, 1 cardiac 
arrest) after 36±8 months follow-up.  

 VT/VF inducibility is unable to identify 
high-risk patients, whereas the presence 
of a spontaneous type I ECG, history of 
syncope, ventricular ERP <200 ms, and 
fQRS seem useful to identify candidates 
for prophylactic ICD. 

 fQRS was a reliable indicator of 
susceptibility to arrhythmias. 

 



ECG parameters and arrhythmic events in patients with Brugada syndrome 
(Tokioka et al, J Am Coll Cardiol 2014;63:2131-8) 

 246 patients (96% men, 48±14 years) 
(VF 5%, syncope 16%), 45 months 
follow-up. 

 fQRS was defined as ≥4 spikes in one or 
≥8 spikes in all of V1, V2 and V3 leads. 
fQRS in 32%. 

 Fatal arrhythmic events in 10%, no 
differences in age, family history of SCD, 
and SCN5A mutation between patients 
with and without fQRS. 

 History of VF and syncope episodes, 
inferolateral ER pattern, and fQRS were 
independent predictors of documented 
VF and SCD. 



Idiopathic VF patients with fQRS and J wave suffer an increased risk of VF 
(Wang et al, J Geriat Cardiol 2012;9:143-7) 

 21 subjects (48% male, 39±19 years) survived 
cardiac arrest due to IVF, ICD in 10, 4.0±2.5 years 
follow-up. 

 Group I (n=6) with both f-QRS and J wave, group II 
(n=9) with only J wave, group III (n=6) with neither 
f-QRS nor J wave.  

 Incidence of cardiac events was 13±6 per-year in 
group I, 11±4 per-year in group II, and 10±4 per-
year in group III. The hazard ratio for incidence 
was 3.2 (95%CI, 1.1−7.9; P = 0.01). 

 In group I, all the cardiac events occurred during 
sleep in early morning. In group II, 4 subjects 
during strenuous physical activities or agitation 
state, 2 during sleep in early morning, 3 in usual 
activity. In group III, 1 subject during sleep in early 
morning, 1 in agitation state, 4 in usual activity.  

 IVF patients with both fQRS and J wave in the 
resting ECG suffer an increased risk of VF. 



fQRS is a diagnostic marker for ARVC/D 
(Peters et al, Heart Rhythm 2008;5:1417-1421) 

 360 patients (49% male, 47±14 years), 52 controls. 

 fQRS in 85% of patients, in 4% of controls. 

 No significant association between fQRS in any leads and cardiac events. 

 The number of leads with fQRS was associated with a severe form of the disease 
including the LV involvement. 

 fQRS will probably simplify the ECG diagnosis of ARVD/C. 



fQRS is associated with TdPs in patients with acquired LQTS 
(Haraoka et al, Heart Rhythm 2010;7:1808-14) 

 70 patients (46% symptomatic, 27% men, 68±21 years) with QTc ≥550 ms.  

 fQRS: 81% in syncope/TdP group, 21% in asymptomatic group. 

 The incidence of fQRS was not different before and after removal of predisposing 
factors. 

 Depolarization abnormality detected by fQRS may important for the development of 
TdP in patients with acquired LQTS. 



fQRS in congenital heart disease 

 TOF 

 37 patients (30 years, 43% men). 
fQRS was closely associated with 
more extensive RV fibrosis and 
dysfunction in adults with repaired 
TOF. (Seung-Jung Park et al. Am J 
Cardiol 2012;109:110-5) 

 56 patients (28 years, 63% men). 
fQRS is significantly associated with 
RV dysfunction and RVOT 
aneurysms in repaired TOF 
patients. (Shanmugam et al, Int J 
Cardiol 2013;167:1366-72) 

 

 Ebstein anomaly 

 51 patients (median 37 years, 35% 
men). fQRS was associated with worse 
functional class, greater CT ratios, 
more severe TR, larger atrialized RV 
area and an increased risk of 
arrhythmic events in adult patients 
with EA. (Seung-Jung Park et al, Circ 
AE 2013,6:1148-55) 

 



fQRS complex in middle-aged subjects with and without cardiac disease 
(Terho, Am J Cardiol 2014;114:141-7) 

 10,904 Finnish middle-aged subjects 
(44±8.5 years, 52% men) with (23%) and 
without (77%) cardiac disease.  

 fQRS in 19.7%; 15.7% in inferior leads, 
0.8% in lateral leads, and 2.9% in anterior 
leads. 

 56.5% died during the follow-up 30±11 
years. 

 fQRS is a common finding, especially in 
the inferior leads, and not a sign of 
increased risk of mortality in subjects 
without a cardiac disease. 

 fQRS in lateral leads is associated with a 
worse outcome in patients with a cardiac 
disease. 

Subjects without cardiac disease 

Subjects with cardiac disease 



Limitations of fQRS 

 Qualitative, not quantitative. 

 Nonspecific finding, interpreted 
cautiously. (Terho et al, Am J Cardiol 
2014;114:141-7) 

 Requires optimal low-pass filter 
setting (100 or 150 Hz). (Take and 
Morita, Indian Pacing Electrophysiol J 
2012;12:213-25)  

 

 Definition of fQRS is qualitative, not 
quantitative. Diagnosis in borderline 
cases? (Malik M. J Cardiovasc 
Electrophysiol 2013;24:1267-70) 

 



fQRS, So what? 

 (Goldberger and Greenstein. Heart Rhythm 2007;4:1393-4) 

 The clinician is often faced with new studies touting new markers for risk 
prediction. Does adding this “tool” to the clinician’s “toolbox” improve 
patient care? Does adding the “tool” either replace another “tool” or 
does it provide significant incremental information to the clinician’s 
current toolbox? 

 

 Clearly, fQRS is in its infancy as a risk stratification tool. However, it is 
simple to perform, widely available, and inexpensive. Given these 
qualities, it could become an important tool for risk stratification, even if 
it has a relatively low associated hazard ratio.  



fQRS 

 ≈ the new kid on the block 
(Moss AJM. Heart Rhythm 
2010;7:1815-6) 

 ≠ smoking gun 

 


