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QRS Fragmentation in Preserved Ejection 
Fraction Heart Failure: Functional Insights, 
Pathological Correlates, and Prognosis
Kuo-Tzu Sung, MD; Sheng-Hsiung Chang, MD; Po-Ching Chi, MD; Shih-Chieh Chien, MD; Chi-In Lo, MD;  
Chao-Feng Lin, MD, PhD; Wen-Hung Huang, MD; Chun-Ho Yun , MD, PhD; Cheng-Ting Tsai , MD;  
Cheng-Huang Su, MD, PhD; Charles Jia-Yin Hou , MD; Hung-I Yeh , MD, PhD; Chin-Ho Tsao, MD;  
Jen-Yuan Kuo , MD; Chung-Lieh Hung , MD, PhD

BACKGROUND: Fragmented QRS (fQRS) morphology as a surrogate marker of the possible presence of myocardial scarring 
has been shown to confer a higher risk in patients with reduced ejection fraction heart failure. We aimed to investigate the 
pathophysiological correlates and prognostic implications of fQRS in patients with heart failure with preserved ejection frac-
tion (HFpEF).

METHODS AND RESULTS: We consecutively studied 960 patients with HFpEF (76.4±12.7 years, men: 37.2%). fQRS was assessed 
using a body surface ECG during hospitalization. QRS morphology was available and classified into 3 categories among 960 
subjects with HFpEF as non-fQRS, inferior fQRS, and anterior/lateral fQRS groups. Despite comparable clinical features in 
most baseline demographics among the 3 fQRS categories, anterior/lateral fQRS showed significantly higher B-type natriu-
retic peptide/troponin levels (both P<0.001), with both the inferior and anterior/lateral fQRS HFpEF groups demonstrating a 
higher degree of unfavorable cardiac remodeling, greater extent of myocardial perfusion defect, and slower coronary flow 
phenomenon (all P<0.05). Patients with anterior/lateral fQRS HFpEF exhibited significantly altered cardiac structure/function 
and more impaired diastolic indices (all P<0.05). During a median of 657 days follow-up, the presence of anterior/lateral fQRS 
conferred a doubled HF re-admission risk (adjusted hazard ratio 1.90, P<0.001), with both inferior and anterior/lateral fQRS 
having a higher risk of cardiovascular and all-cause death (all P<0.05) by using Cox regression models.

CONCLUSIONS: The presence of fQRS in HFpEF was associated with more extensive myocardial perfusion defects and wors-
ened mechanics, which possibly denotes a more severe involvement of cardiac damage. Early recognition in such patients 
with HFpEF likely benefits from targeted therapeutic interventions.

Key Words: fragmented QRS complex ■ heart failure with preserved ejection fraction ■ mortality ■ QRS duration

Fragmented QRS (fQRS) refers to various QRS mor-
phologies that are typically <120 ms in duration in 
the presence or absence of the Q-wave on body 

surface 12-lead ECG. It is characterized by an R’ or 
notching in the nadir of the S wave, and there can also 
be more than 1 R’ in 2 contiguous leads corresponding 

to a major coronary artery territory.1,2 fQRS complexes 
are new ECG signals associated with varied conduc-
tion abnormalities and are assumed to originate from 
the delay in peri-infarct conduction because of myo-
cardial scarring or necrosis.1,2 This specific ECG mor-
phology is observed in patients with coronary artery 
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diseases, cardiomyopathies, structural heart diseases, 
heart rhythm disturbances, and cardiac sarcoidosis.3–5 
Several studies have shown that the presence of fQRS 
is a predictor of sudden cardiac death in patients with 
cardiomyopathy and heart failure (HF).4,6 Furthermore, 
it has been shown to be a prognostic marker of cardiac 
events and mortality in patients with coronary artery 
disease (CAD)7,8 and a predictor of dysrhythmia in pa-
tients with Brugada syndrome.9

As a clinical HF phenotype accompanied by a high 
clinical comorbidity burden (ie, coronary heart disease 
or hypertrophy from hypertension) with unfavorable 
myocardial remodeling, patients with heart failure with 
preserved ejection fraction (HFpEF) may theoretically 
have a higher chance of developing a longer QRS du-
ration.10 However, reports investigating the prevalence 
and significance of fQRS in HFpEF or the general pop-
ulation were either small in sample size or with study 
limitations.11–13

In this study, we sought to investigate the preva-
lence and long-term prognostic significance of fQRS 
and QRS duration in patients with HFpEF.

METHODS
Deidentified participant data with corresponding data 
dictionary of the data underlying the current article 
will be made available upon reasonable request to 
the corresponding author, Prof. Chung-Lieh Hung (jo-
taro3791@gmail.com). Data will be shared with exter-
nal researchers for scientific noncommercial purposes 
after approval of the proposal by the MMH IRB steering 
committee, including a signed data access agreement.

Study Subjects
Our current study was retrospective in the study de-
sign. The study workflow including setting, study par-
ticipants selection, and exclusion criteria have been 
published previously and further detailed14 (Figure S1, 
Data  S1). In brief, we investigated 1120 consecutively 
discharged patients aged >20 years with HFpEF who 
were discharged with a main clinical diagnosis of dis-
charge HF from a tertiary medical center located in 
Northern Taiwan (from March 2012 to December 2014). 
Medical information regarding the diagnosis, medical 
history, complete 12-lead ECG, and laboratory data 
were all obtained in study participants. A total of 960 
patients with HFpEF had complete body surface ECG 
information for fQRS categorization in the current analy-
sis. This study was conducted following the guidelines 
of the Declaration of Helsinki and was approved by the 
Mackay Memorial Hospital Institutional Review Board 
(15MMHIS015). All study participants were waived from 
informed consent from retrospective study design.

Definition of fQRS
Standard 12-lead ECGs were collected and analyzed. 
The fQRS in the current study was limited to ECGs with 
QRS duration <120 ms and was defined by the pres-
ence of various RSR patterns, including the presence 
of an additional R wave (R), a notching of the R wave, 
a notching in the nadir of the S wave, or the presence 
of more than 1 R in at least 2 contiguous leads, cor-
responding to a specific and major coronary artery 
territory.7 Bundle branch block was excluded from the 
definition of fQRS. Furthermore, when notching was 
confined to the terminal QRS accompanied by a J-
point elevation of at least 0.1 mV, it was classified as 
early repolarization rather than fQRS.15

fQRS was then further categorized by anatomic lo-
cations and coronary territory distributions. fQRS was 
classified into anterior (leads V1–V5), lateral (leads I, 
aVL, and V6), or inferior (leads II, III, and aVF).16 Among 
the 1120 admitted patients with HFpEF, 960 had ECG-
defined QRS morphology data available and were 
classified into the 3 categories: 657 non-fQRS, 220 
inferior fQRS, and 83 subjects with fQRS on anterior 
or lateral leads (anterior/lateral). We also classified our 

CLINICAL PERSPECTIVE

What Is New?
•	 The presence of fragmented QRS in heart fail-

ure with preserved ejection fraction, irrespective 
of location, was associated with a higher degree 
of unfavorable cardiac remodeling, greater ex-
tent of myocardial perfusion defect, and slower 
coronary flow phenomenon.

•	 Patients with heart failure with preserved ejec-
tion fraction with fragmented QRS, especially 
for anterior/lateral fragmented QRS, may expe-
rience more clinical cardiovascular events, in-
cluding more heart failure re-admission risk and 
death during follow-up.

What Are the Clinical Implications?
•	 The presence of fragmented QRS likely serves 

as a useful clinical prognosticator in patients 
with heart failure with preserved ejection frac-
tion and may warrant more intensive treatments 
for comorbid underlying conditions.

Nonstandard Abbreviations and Acronyms

fQRS	 fragmented QRS
HFpEF	 heart failure with preserved ejection 

fraction
HHF	 hospitalization for heart failure
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study participants into 2 groups according to QRS du-
ration cutoff: ≤110 ms and those with >110 ms.

Echocardiography
Comprehensive echocardiography was performed 
within the first 3 days of HF admission. Two-dimensional 
cine loops and Doppler images are acquired in 3 con-
secutive heartbeats during the hospital stay or on arrival 
at the emergency department. Our current study mainly 
focused on parameters of left ventricular (LV) structure 
(wall thickness, internal dimension, LV mass index, LV 
end-diastolic and end-systolic volume) and geometry 
as recommended by a standardized protocol, with left 
ventricular ejection fraction determined by using biplane 
Simpson’s method.17 Right ventricular (RV) structure/
function (RV end-diastolic area and RV end-systolic 
area) and RV function (RV fractional area change, as %) 
were also determined. LV diastolic function including mi-
tral E/A ratio, deceleration time, interventricular relaxa-
tion time, early mitral annulus tissue Doppler velocity e′ 
and s′, LV filling E divided by e′ (E/e′), and bi-atrial (right 
atrium and left atrium) volume index were all analyzed 
and quantified using contemporary guidelines.18

Single-Photon Emission Computed 
Tomography and Coronary Flow 
Angiography
Overall, 413 out of 960 (43.0%) patients with HFpEF un-
derwent coronary angiography because of known CAD 
(including myocardial infarction; n=325) or symptom-
driven (n=87) indications. Among 325 out of 960 study 
participants with CAD, 210 (64.6% of all known CAD 
population) had post–percutaneous coronary interven-
tion radiopharmaceutical single-photon emission com-
puted tomography (SPECT; technetium-99m sestamibi) 
myocardial scan data available within 6 months of the 
study enrollment date. SPECT myocardial perfusion 
burden was quantified using quantitative gated SPECT 
and quantitative perfusion SPECT software. Among 
the symptom-driven 634 non-CAD participants, 203 
(32.0%) underwent coronary angiography. Coronary 
flow grades for the symptom-driven 203 non-CAD par-
ticipants were assessed using the corrected thrombol-
ysis in myocardial infarction frame count method, which 
represents the total of cine-frames required for contrast 
to first reach standard distal coronary landmarks. The 
coronary slow flow in the current study was defined as 
thrombolysis in myocardial infarction frame count >27 
frames in the current study.19

Clinical Outcomes
The primary clinical outcome measures of the cur-
rent study included prespecified clinical end points: 
hospitalization for heart failure (HHF), cardiovascular 

mortality, all-cause mortality, and the composite end 
points of HHF and any death during follow-up after 
the study indexed date. Follow-up periods of primary 
clinical outcomes were measured from the index date 
of HFpEF diagnosis to the occurrence date of cardio-
vascular events (HHF, cardiovascular mortality, and all-
cause death). All participants were tracked until death 
or loss to follow-up or the end of June 30, 2016. These 
clinical end points were further adjudicated by 2 expe-
rienced cardiologists (SCC and CLH), mainly based on 
the extracted electronic data capture information.

Statistical Analysis
Comparisons of the continuous variables between the 
2 groups were performed using an unpaired 2-tailed 
t test, with nominal/categorical variables compared 
by a χ2 analysis or Fisher exact test, as appropriate. 
Continuous variables among the different clinical cat-
egories of more than 3 groups were performed using 
a 1-way ANOVA or Kruskal–Wallis test with post hoc 
paired comparisons as appropriate.

Multivariate Cox regression models were used 
to examine the associations of region-specific fQRS 
(non-fQRS as reference group) with clinical end points, 
including HHF, cardiovascular mortality, all-cause mor-
tality, and the composite end point of HHF and any 
death. Individual hazard ratio (HR) and correspondent 
95% CIs  were  performed. Key clinical covariates in-
cluding age, sex, body size, medical histories of hy-
pertension, diabetes, hyperlipidemia treatment, atrial 
fibrillation, stroke, known coronary artery disease, cere-
brovascular event, estimated glomerular filtration rate, 
and left ventricular ejection fraction from echocardiog-
raphy data served as confounders. The survival curve 
was plotted using the Kaplan–Meier method for time 
to events (HHF, cardiovascular death, all-cause mor-
tality, and composite end point) for a certain amount 
of time after enrollment. Log-rank test was used to 
determine significances (whether survival distributions 
among groups may differ statistically) of these cardio-
vascular events across different fQRS strata. Statistical 
significance was set at P<0.05 using STATA software 
(version 13.1).

RESULTS
Baseline Characteristics
Among the original 1120 patients with HFpEF en-
rolled, we identified a total of 960 patients with HFpEF 
(76.4±12.7 years of age, men: 37.2%) with fQRS clas-
sification available as non-fQRS (68.4%), inferior fQRS 
(22.9%), and anterior/lateral fQRS (8.7%) without overt 
bundle branch block and after application of our exclu-
sion criteria (Table 1). Compared with those classified 
as non-fQRS, patients with inferior fQRS had higher 
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systolic blood pressure and were more likely to have 
diabetes; patients with anterior/lateral fQRS had higher 
serum potassium level and were more likely to have 

atrial fibrillation (Table 1), while other baseline demo-
graphics were comparable. We also observed graded 
and significantly higher B-type natriuretic peptide and 

Table 1.  Baseline Characteristics of Study Subjects Categorized by the Location of fQRS

fQRS groups Non-fQRS (N=657) Inferior fQRS (N=220)
Anterior/lateral fQRS 
(N=83) P value (ANOVA)

Demographics

Age, y 76.7±12.8 75.8±12.5 75.6±12.6 0.41

Sex, male (%) 238 (36.2%) 86 (39.1%) 33 (39.8%) 0.52

BMI, kg/m2 24.6±5.5 25.3±5.7 24.4±11.2 0.04

SBP, mm Hg 139.5±32.3 146.1±32.8* 138.8±34.3 0.02

DBP, mm Hg 72.6±17.5 74.4±18.8 73.5±19.8 0.41

HR, bpm 90.4±2.3 88.8±19.3 94.7±4.9 0.09

History, n (%)

Prior heart failure 362 (55.1%) 118 (53.6%) 46 (55.4%) 0.89

Hypertension 469 (71.4%) 171 (77.7%) 61 (73.5%) 0.22

Diabetes 315 (47.9%) 127 (58.0%) 39 (47.0%) 0.03

Coronary artery disease 215 (32.7%) 76 (34.7%) 34 (41.0%) 0.31

ESRD/hemodialysis 72 (11.0%) 26 (11.8%) 16 (19.3%) 0.16

Hyperlipidemia treatment 118 (18.0%) 47 (21.4%) 12 (14.5%) 0.31

Stroke 111 (16.9%) 39 (17.7%) 17 (20.5%) 0.71

Atrial fibrillation 132 (20.1%) 36 (16.4%) 24 (28.9%)† 0.09

PAD 44 (6.7%) 16 (7.3%) 5 (6.0%) 0.91

Laboratory

Fasting glucose, mg/dL 170.1±108.1 184.5±114.6 192.4±131.3 0.09

eGFR, mL/min per 1.73 m2 42.1±32.9 39.0±32.9 39.0±32.4 0.41

ALT, μ/L 52.7±108.0 78.6±200.4 87.3±261.1 0.03

Serum sodium, mmol/L 131.0±8.4 129.9±7.7 129.2±9.2 0.10

Serum potassium, mmol/L 5.2±1.2 5.4±1.3 5.6±1.3* 0.007

BNP, pg/mL (n=917)‡ 554 [256, 1170] 581 [246, 1330] 893 [478, 2740]*,† <0.001

Troponin I (n=887)‡ 0.03 [0.02, 0.1] 0.04 [0.02, 0.12] 0.06 [0.03, 0.23]*,† 0.008

QRS duration, ms 92.3±15.0 94.2±15.3 97.8±17.3* 0.005

NYHA Fc 0.061

≤II 14.3% 14.5% 12.0%

III 62.2% 60.0% 49.4%

IV 23.4% 25.4% 38.6%

Measurement

LVEF, % 64.7±6.3 64.8±6.7 64.1±7.1 0.66

Prognostic nutritional score 41.3±9.1 41.3±8.9 40.0±9.4 0.43

Medications, n (%)

ACEI/ARB 220 (33.5%) 83 (37.7%) 27 (32.5%) 0.45

β-Blocker 133 (20.2%) 48 (21.8%) 14 (16.8%) 0.73

Aldosterone antagonists 105 (16.0%) 39 (17.7%) 11 (13.3%) 0.61

Digoxin 34 (5.2%) 14 (6.4%) 7 (8.4%) 0.43

Diuretics 297 (45.2%) 105 (47.7%) 28 (33.7%) 0.05

Data are expressed as mean±SD or percentage. ACEI indicates angiotensin-converting enzyme inhibitor; ALT, alanine aminotransferase; ARB, angiotensin 
II-receptor blocker; BMI, body mass index; BNP, B-type natriuretic peptide; bpm, beats per minute; DBP, diastolic blood pressure; eGFR, estimated glomerular 
filtration rate; ESRD, end-stage renal disease; fQRS, fragmented QRS; HR, heart rate; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; 
PAD, peripheral arterial disease; and SBP, systolic blood pressure.

*P<0.05 vs non-fQRS.
†P<0.05 vs inferior fQRS.
‡Troponin-I and BNP are expressed as median [25th percentile, 75th percentile].
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troponin I levels across the 3 categories (non-fQRS, 
inferior fQRS, anterior/lateral fQRS, B-type natriuretic 
peptide: 554 versus 581 versus 893 pg/mL; troponin-I: 
0.04 versus 0.04 versus 0.06 as median [interquartile 
range] ranges, all trend P<0.01). Baseline demograph-
ics, according to QRS duration strata cutoff of 110 ms, 
are detailed in Table S1.

Cardiac Structure and Function
Compared with those classified as non-fQRS, patients 
with HFpEF with anterior/lateral fQRS had a substan-
tially larger LV end-diastolic volume index (48.9±17.0 
versus 44.2±13.8 mL, P<0.05), greater LV mass-to-
volume ratio (2.21±0.68 versus 2.19±0.84, P<0.05), 
and had significantly lower myocardial relaxation ve-
locity tissue Doppler imaging (TDI)-e′ (4.8±1.9 versus 
5.7±1.8 cm/s, P<0.05). Both patient groups with inferior 
and anterior/lateral fQRS presented with a significantly 

larger LV mass (174.9±60.7 and 180.2±75.1 g versus 
162.8±58.6 g, trend P=0.004), and those with anterior/
lateral fQRS had significantly larger indexed LV mass 
and were more likely to have left ventricular hypertro-
phy compared with non-fQRS (39.6% and 49.4% ver-
sus 34.7%, trend P=0.027). Furthermore, compared 
with those classified as non-fQRS/inferior fQRS, pa-
tients with HFpEF with anterior/lateral fQRS showed a 
substantially lower myocardial systolic velocity TDI-s′ 
(trend P=0.001), higher LV filling E/e′ (20.4±9.8 versus 
16.1±7.0 and 16.5±7.1, trend P<0.001), higher TR ve-
locity (3.2±0.6 m/s versus 3.0±0.4 and 3.0±0.4 m/s, 
trend P=0.010), larger right atrium/LA indexed volumes 
(both trend P<0.05; LA indexed volume: 33.0±15.0 mL/
m2 versus 28.3±13.3 and 28.0±11.9 mL/m2, trend 
P=0.010), and a greater RV end-diastolic/systolic area 
(both trend P<0.001; Table 2). In addition, compared 
with non-fQRS, those presenting with anterior/lateral 

Table 2.  The LV/RV Structure and Function in Non-fQRS, Inferior fQRS, and Anterior/Lateral fQRS Groups

fQRS groups Non-fQRS (N=657) Inferior fQRS (N=220)
Anterior/lateral fQRS 
(N=83) P value (ANOVA)

LV structure

Septal wall thickness, mm 9.9±2.0 10.2±2.0 10.4±1.9 0.015

Posterior wall thickness, mm 10.0±2.0 10.3±2.0 10.3±1.9 0.039

LV internal dimension, mm 46.3±6.1 47.0±6.2 47.7±6.7 0.080

LV EDV index, mL/m2 44.2±13.8 45.2±15.5 48.9±17.0* 0.028

LV ESV index, mL/m2 15.0±8.7 15.1±9.9 17.3±11.8 0.120

LVEF, % 67.9±13.6 69.2±14.2 67.6±15.4 0.450

LV mass, g 162.8±58.6 174.9±60.7* 180.2±75.1* 0.004

LV mass index, g/m2 94.2±30.8 99.4±32.7 105.3±39.5* 0.004

Presence of LVH, % 216 (32.9%) 84 (38.2%) 39 (47.0%) 0.027

LV M/V ratio 2.2±0.8 2.3±1.0 2.2±0.7* 0.684

LV function

Mitral E/A ratio 1.2±1.5 1.1±0.8 1.2±0.8 0.370

DT, ms 210.8±77.3 211.1±74.8 206.7±79.9 0.892

IVRT, ms 85.9±33.4 87.5±30.5 91.5±34.3 0.312

TDI-e′, cm/s 5.7±1.8 5.4±1.8 4.8±1.9* 0.001

TDI-s′, cm/s 5.7±1.4 5.6±1.3 5.0±1.3*,† 0.001

Mitral E/TDI-e′ 16.1±7.0 16.5±7.1 20.4±9.8*,† <0.001

TR velocity, cm/s 3.0±0.4 3.0±0.5 3.2±0.6*,† 0.010

RV structure and function

RV EDA, cm2 30.5±13.1 31.9±13.5 37.3±16.3*,† <0.001

RV ESA, cm2 16.1±8.7 16.9±9.0 20.9±11.9*,† <0.001

RV FAC, % 48.4±7.9 47.9±8.4 45.5±8.4* 0.015

Atrial structure

LA volume index, mL/m2 28.3±13.3 28.0±11.9 33.0±15.0*,† 0.010

RA volume index, mL/m2 22.9±14.8 22.4±20.3 28.3±18.2*,† 0.022

Data are expressed as mean±SD or percentage. All expressions are listed in Table 1. DT indicates deceleration time; EDA, end-diastolic area; EDV, end-
diastolic volume; ESA, end-systolic area; ESV, end-systolic volume; FAC, fractional area change; fQRS, fragmented QRS; IVRT, interventricular relaxation time; 
LA, left atrial; LV, left ventricular mass to volume ratio; LV, left ventricular; LVEF, left ventricular ejection fraction; LVH, left ventricular hypertrophy; RA, right atrial; 
RV, right ventricular; TDI, tissue Doppler imaging; and TR, tricuspid regurgitation.

*P<0.05 vs non-fQRS.
†P<0.05 vs inferior fQRS.
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fQRS had significantly lower RV fractional area change 
(P=0.015). Overall, more unfavorable cardiac structural 
and functional indices were found in those presenting 
wider (>110 ms) compared with those with smaller QRS 
duration (≤110 ms), though these differences were less 
prominent compared with fQRS strata (Table S1).

Myocardial Perfusion and Coronary Flow 
Findings
Despite comparable CAD prevalence, patients with 
HFpEF categorized into inferior fQRS and anterior/
lateral fQRS had a graded increase in poststress total 
myocardial perfusion defect when compared with the 
non-fQRS group (Figure 1A, trend P=0.001). By exam-
ining individual myocardial perfusion defects accord-
ing to coronary artery territories, patients with HFpEF 
categorized into anterior/lateral fQRS were more likely 
to have fixed myocardial perfusion defects from the left 
anterior descending artery/left circumflex artery coro-
nary territory compared with the right coronary artery 

territory (40%, 40% versus 13.3%), while those patients 
with HFpEF categorized into inferior fQRS tend to have 
fixed perfusion defects close to left circumflex artery/
right coronary artery coronary territory compared with 
the left anterior descending artery (38.1%, 33.3% ver-
sus 19%). HFpEF classified as non-fQRS was less likely 
to present myocardial perfusion defects on 3 coronary 
arterial territories (all<20%; Figure 1B through 1D).

Illustrations of myocardial perfusion deficit by 
SPECT are displayed in Figure  2A through 2C. The 
burden of myocardial perfusion defect was inversely 
correlated with TDI-s’ (r=−0.15, P=0.02), showing a 
borderline reverse relationship with TDI-e′ (r=−0.11, 
P=0.08), with a nonsignificant positive relationship 
with E/TDI-e′ (r=0.05, P=0.46; Figure 2D through 2F). 
Overall, 67 out of 203 (33%) symptom-driven patients 
with HFpEF did not have a significant CAD manifested 
slow flow phenomenon, with a graded and significantly 
higher proportion observed across non-fQRS, infe-
rior fQRS, and anterior/lateral fQRS (28%, 50%, and 
83.3%, respectively, X2<0.001; Figure 3A). Interestingly, 

Figure 1.  Relationship between the percentage of cardiac ischemic area and different coronary 
arteries.
A, The percentage of total myocardial perfusion defects in non-fQRS, inferior and anterior/lateral fQRS 
among 210 out of 326 (64.4%) study participants with known CAD. B through D, The percentage of 
myocardial perfusion defects in the RCA, LCX, and LAD in non-fQRS, inferior and anterior/lateral fQRS. 
CAD indicates coronary artery disease; fQRS, fragmented QRS; LAD, left anterior descending artery; 
LCX, left circumflex artery; and RCA, right coronary artery. *p<0.05 vs non-fQRS; #p<0.05 vs inferior 
fQRS.
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substantially lower myocardial TDI-e′ and TDI-s′ were 
associated with a higher LV filling pressure (E/TDI-e′) 
in those patients with HFpEF without CAD manifesting 
slow coronary flow (Figure 3B through 3D).

Clinical Outcomes
During a median follow-up of 657 days (interquartile 
range: 70–1274 days), 314 patients (32.7%) were hospi-
talized for HF, 178 (18.5%) experienced cardiovascular 
death, 337 (35.1%) experienced all-cause death, and 
585 (60.9%) had composite events of HF hospitaliza-
tion and mortality irrespective of any cause. A Cox 
proportional hazard regression analysis for adverse 
events is shown in Figure  4 and Table  S1. By using 
non-fQRS as the reference group, the presence of an-
terior/lateral fQRS was associated with a higher risk 
of HHF (adjusted HR, 1.90 [1.34–2.69], P<0.001), with 
the presence of both inferior fQRS and anterior/lateral 
fQRS associated with a higher risk of cardiovascular 
(adjusted HR, 1.44 [1.02–2.05] and 2.00 [1.26–3.16] 
for inferior and anterior/lateral fQRS, respectively), and 
all-cause mortality (adjusted HR, 1.35 [1.04–1.74] and 
1.84 [1.32–2.56] for inferior and anterior/lateral fQRS, 

respectively) in multivariate model with adjustment for 
age, sex, body mass index, hypertension, diabetes, 
HF, hyperlipidemia, cardiovascular disease, estimated 
glomerular filtration rate, and LV ejection fraction. 
However, the risk of HHF did not reach a significant dif-
ference in the inferior fQRS group in crude and multi-
variate models compared with the non-fQRS group as 
the reference (adjusted HR, 1.09 [0.83–1.42] P=0.053). 
Although the presence of inferior fQRS was associated 
with a significantly higher risk of composite end point in 
the crude model (crude HR, 1.27 [1.05–1.53], P=0.015), 
this association was not statistically significant in the 
multivariable model (adjusted HR, 1.21 [1.00–1.47], 
P=0.055). Kaplan–Meier survival curves for relevant 
clinical outcomes according to fQRS strata are dis-
played in Figure 5 (left; all log-rank P<0.001). Clinical 
outcomes according to QRS duration strata (cutoff: 
110 ms) are detailed in Table S1, where risk stratifica-
tion by QRS duration cutoff (110 ms) were less promi-
nent compared with fQRS. The patients with known 
CAD and presence of anterior/lateral fQRS had sig-
nificantly higher B-type natriuretic peptide level (920.5 
versus 558 pg/mL, P=0.003), higher troponin-I level 
(0.14 versus 0.04, P=0.002), larger LV end-diastolic 

Figure 2.  Myocardial perfusion defects in (A) non-fQRS, (B) inferior fQRS, and (C) anterior/lateral fQRS with SPECT imaging.
D through F, Correlation between total myocardial perfusion defect and TDI-derived myocardial early relaxation (TDI-e′) velocity, 
systolic (TDI-s′) velocities, and LV filling pressure E/e′. fQRS indicates fragmented QRS; LV, left ventricular; SPECT, myocardial 
perfusion single-photon emission computed tomography; and TDI, tissue Doppler imaging.
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volume index (54.2±17.3 versus 46.1±14.5, P=0.038), 
greater LA volume index (34.8±13.9 versus 28.4±12.7, 
P=0.027), and higher LV filling pressure (mitral E/TDI-
e′: 22.7±13.3 versus 16.8±7.7, P=0.012) compared with 
the counterparts with non-fQRS (Table S1). In addition, 
the presence of anterior/lateral fQRS was associated 
with a higher risk of all-cause death (adjusted HR, 
2.27 [1.35–3.82], P=0.002) and cardiovascular death 
(adjusted HR, 2.60 [1.29–5.11], P=0.007) by using non-
fQRS as reference group, which is shown in Table S1.

DISCUSSION
In the present study, we examined the associations 
of QRS fragmentation utilizing standard 12-lead body 
surface ECGs in a large-scale patient population with 

HFpEF and further related these measures to a vari-
ety of clinical end points, including HF hospitalization 
and death. We found that fQRS was not uncommon 
in HFpEF (31.6%), with inferior fQRS nearly tripling the 
prevalence of anterior/inferior QRS. Despite compara-
ble global LV ejection fractions, patients with HFpEF 
manifesting fQRS, particularly those with anterior/
lateral fQRS, were associated with a more diseased 
myocardium, including distinct yet larger areas of my-
ocardial perfusion defect, more unfavorable cardiac 
systolic/diastolic properties, and a higher prevalent 
coronary slow flow than those without fQRS. Anterior/
lateral fQRS was further associated with a higher risk 
of HF hospitalization, with all HFpEF presenting with 
fQRS associated with a higher rate of mortality events 
during follow-up.

Figure 3.  Association between the presence of coronary slow flow and cardiac function.
A, The percentage of coronary slow flow during coronary angiography among 203 out of 634 (32.0%) 
non-CAD study participants. B through D, Comparisons of the TDI-s′, TDI-e′, and average E/e′ in normal 
versus slow coronary flow non-CAD study participants. CAD indicates coronary artery disease; fQRS, 
fragmented QRS; and TDI, tissue Doppler imaging.
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Fragmentation of the QRS Complex
Boineau and Cox20 first demonstrated the occurrence 
of fractionated electrograms within ischemic regions 
using an experimental canine heart model after acute 
ischemia.21 Autopsy findings in patients with myocardial 
infarction have confirmed that islands of viable myocar-
dial tissue interspersed in abundant fibrous tissue within 
myocardial necrotic regions may generate depolarized 
and depressed action potential upstroke velocities, 
resulting in slower electrical activation.22 This feature, 
termed fQRS phenotype by ECG, is responsible for 
inhomogeneous activation and altered depolarization 
of the ventricles and duplicate features of left bundle 
branch block complicated by HF.23–25 Higher myocar-
dial perfusion defects in those with known CAD along 

with an impaired coronary flow reserve in non-CAD 
patients with HFpEF likely represented a higher total 
burden of macro/microvascular dysfunction, resulting in 
more extensive myocardial fibrosis and perturbed myo-
cardial electrical spread. Notably, markedly diminished 
systolic and early myocardial relaxation velocities (s′ 
and e′) representing overall more deteriorated intrinsic 
cardiac mechanics were observed when anterior/lateral 
fQRS existed in patients with HFpEF. Our finding was in 
accordance with another recent work with a relatively 
small number of patients utilizing speckle-tracking-
based techniques.11 Higher B-type natriuretic peptide, 
higher troponin I levels, and more unfavorable LV re-
modeling in our patients with HFpEF complicated by 
fQRS likely represents higher LV wall stress, excessive 

Figure 4.  Crude and adjusted hazard ratio with corresponding 95% CIs for 3 fQRS strata (non-fQRS as the reference) on 
hospitalization for heart failure, cardiovascular mortality, all-cause mortality, and composite end point.
The multivariate model was adjusted for age, sex, body mass index, hypertension, diabetes, heart failure, hyperlipidemia, cardiovascular 
disease, estimated glomerular filtration rate, and left ventricular ejection fraction. fQRS indicates fragmented QRS.
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extracellular matrix turnover/fibrotic replacement, and 
more extensive myocardial involvement.26

Relationships Between fQRS and Cardiac 
Outcomes
The prognostic value of QRS fragmentation during acute 
coronary syndrome has been well demonstrated.27,28 
fQRS was prevalent in up to 30% of subjects with CAD 
manifesting preserved LV function, with those present-
ing fQRS demonstrating a more dilated LV dimension, 
lower left ventricular ejection fraction, higher wall motion 
abnormality, and reduced global 2-dimensional circum-
ferential strains as compared with those without fQRS.29 
In another study, the presence of fQRS in a healthy pop-
ulation was associated with reduced LV global longitu-
dinal strain compared with those without.11 However, 
these 2 studies were limited by their small sample size 
and lack of cardiac outcomes. In 1 large epidemiologi-
cal study conducted among 10 904 individuals from 
the Finnish general population, fQRS was prevalent 
in 19.7% of subjects, including 15.7% in inferior leads, 
0.8% in lateral leads, and 2.9% in anterior leads,12 with 

presence of lateral fQRS rather than anterior or inferior 
fQRS associated with higher all-cause, arrhythmic, and 
cardiac deaths. Interestingly, the presence of fQRS 
also conferred a higher risk of ventricular tachyarrhyth-
mia in individuals with hypertrophic cardiomyopathy.30 
Notably, our data also showed that morphological fQRS 
phenotypes may serve as a better functional and sur-
vival indicator for HFpEF compared with QRS duration 
(cutoff: 110 ms). Our study is the first and, thus far, the 
largest to show the prevalence of fQRS in patients with 
HFpEF (≈31.6%), with inferior fQRS being more com-
mon than anterior/lateral fQRS, though the presence 
of anterior/lateral fQRS (8.6%) was associated with a 
higher HF rehospitalization rate all-cause mortality.

The condensed illustrations of the 3 fQRS strata 
about the clinical features, functional correlates, and 
outcomes in patients with HFpEF are demonstrated in 
Figure 5 (right).

LIMITATIONS
Our study has several limitations. First, our findings 
may be limited by the retrospective study design; the 

Figure 5.  Kaplan–Meier survival curves of clinical outcomes according to fQRS strata (left).
Condensed illustrations and graphical abstract about the clinical features, functional correlates, and outcomes of 3 fQRS strata 
in HFpEF (right). BNP indicates B-type natriuretic peptide; CAD, coronary artery disease; CV, cardiovascular; fQRS, fragmented 
QRS; HF, heart failure; HHF, hospitalization for heart failure; HFpEF, heart failure with preserved ejection fraction; LAD, left anterior 
descending artery; and LCX, left circumflex artery.
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anterior/lateral fQRS had a relatively smaller sample 
size (total number: 83) than non-fQRS (total number: 
657) and inferior fQRS (total number: 220). Also, less 
than half of patients with HFpEF (43%) underwent cor-
onary angiography, and only 210 patients (21%) had a 
post–percutaneous coronary intervention SPECT my-
ocardial scan. Second, myocardial perfusion defects, 
as assessed by the SPECT method, did not clarify 
the exact underlying causes: for example, irreversible 
myocardial damage (such as scar formation), residual 
incomplete revascularization, or restenosis in smaller 
caliber coronary vessels after intervention. Third, the 
causal relationship between QRS fragmentation and 
the observed perfusion defect cannot be ascertained, 
because it has been reported that disorganized myo-
cardial electrical conduction through the myocardium 
may, on the other hand, result in an abnormal myocar-
dial perfusion pattern.

Despite these limitations, our findings demon-
strated that patients manifesting QRS fragmentation 
may represent a specific HFpEF phenotype of un-
dertreated macro/microvascular consequences from 
multiple comorbidities (such as hypertension, diabe-
tes, and coronary artery disease) leading to regional 
myocardial dyskinesia.31 Further advanced functional 
and myocardial characterization imaging using mag-
netic resonance imaging may be more helpful in future 
studies to solve these issues.

CONCLUSIONS
The presence of fQRS in HFpEF, especially those man-
ifesting anterior or lateral fQRS, was associated with 
more severe involvement of cardiac damage. These 
may include a more extensive deficit in myocardial per-
fusion and worsened myocardial functional properties, 
which likely translate into more unfavorable clinical out-
comes. Early recognition of such a patient population 
may be helpful for more intensive targeted therapeutic 
interventions.
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Data S1 

Study Participants Selection and Exclusion Criteria: 

The medical history includes hypertension, diabetes, hyperlipidemia treatment, atrial 

fibrillation, stroke, known coronary artery disease, end-stage renal disease [ESRD] or 

those underwent hemodialysis) and hospitalization from patients reimbursed by the 

National Health Insurance Bureau of Taiwan were extracted via electronic medical 

records review. Discharged HF diagnosis was defined as patients with acute 

decompensated heart failure receiving intravenous diuretics with evidence of 

pulmonary congestion/edema requiring hospitalization. 
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Table S1. Baseline characteristics of study subjects categorized by QRS duration ≦110ms or > 110ms 

QRS duration QRS duration ≦110 ms 

Number =826 

QRS duration > 110 ms 

Number =117 
p value 

Demographics 

Age, years 76.4 ± 12.7 75.78 ± 13.1 0.622 

Male, number (%) 286 (34.62%) 64 (54.7%) <0.001 

Height, m 1.56 ± 0.08 1.59 ± 0.1 0.023 

Weight, kg 60.04 ± 14.23 63.84 ± 15.87 0.009 

Body mass index, kg/m2 24.68 ± 6.31 25.31± 5.95 0.327 

Systolic blood pressure, mmHg 141.67 ± 33.04 136.98 ± 30.35 0.148 

Diastolic blood pressure, mmHg 73.73 ± 17.92 69.2 ± 18.34 0.011 

Heart rate, bpm 90.36 ± 21.75 90.71 ± 23.24 0.872 

History, number (%) 

Prior heart failure, number (%) 449 (54.36%) 67 (57.26%) 0.555 

Hypertension, number (%) 607 (73.49%) 85 (72.65%) 0.848 

Diabetes mellitus, number (%) 413 (50%) 63 (53.85%) 0.437 

Coronary artery disease, number (%) 151 (18.28%) 29 (24.79%) 0.094 

End stage renal disease/ hemodialysis, number (%) 95 (11.5%) 17 (14.53%) 0.344 

Hyperlipidemia, number (%) 152 (18.4%) 20 (17.09%) 0.732 

Stroke, number (%) 145 (17.55%) 19 (16.24%) 0.726 

Atrial fibrillation, number (%) 160 (19.37%) 24 (20.51%) 0.771 

Peripheral artery disease, number (%) 57 (6.9%) 8 (6.84%) 0.980 



Laboratory 

White blood cells, ×10³/µL 10.04 ± 5.19 10.85 ± 6.30 0.129 

Lymphocyte, ×10³/µL 15.15 ± 10.56 13.71 ± 11.01 0.174 

Hemoglobin, g/dl 10.45± 2.44 10.35 ± 2.55 0.679 

Fasting glucose, mg/dl 176.57 ± 113.09 168.74 ± 109.35 0.485 

eGFR, ml/min/1.73m2 41.5 ± 33.08 37.59 ± 32.28 0.231 

Albumin, g/dl 3.32 ± 0.59 3.36 ± 0.63 0.521 

ALT, u/l 61.20 ± 157.44 65.94 ± 116.61 0.775 

Serum sodium, mmol/L 130.71 ± 8.51 129.3 ± 7.24 0.089 

Serum potassium, mmol/L 5.21 ± 1.26 5.48 ± 1.28 0.031 

BNP, pg/mL 991.36 ± 1115.25 1001.95 ± 1193.00 0.926 

Measurement 

LVEF, % 64.72 ± 6.48 64.13 ± 6.70 0.358 

Prognostic nutritional score 41.09 ± 8.99 41.19 ± 9.23 0.913 

Medications, number (%) 

ACEI/ARB 295 (35.71%) 31 (26.5%) 0.050 

Beta-blocker 169 (20.46%) 23 (19.66%) 0.840 

Aldosterone antagonists 138 (16.71%) 17 (14.53%) 0.553 

Digoxin 48 (5.81%) 5 (4.27%) 0.500 

Diuretics 370 (44.79%) 54 (46.15%) 0.782 



ALT: alanine transaminase; LVEF: left ventricular ejection fraction; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II-

receptor blocker; BNP, B-type natriuretic peptide; BMI, body mass index; eGFR, estimated glomerular filtration rate; ESRD, end-stage renal 

disease; HR, heart rate; LVEF, left ventricular ejection fraction; 



Table S2. The LV/RV structure and function in study subjects categorized by QRS duration ≦110 ms or > 110 ms 

Fragmented QRS QRS ≤ 110ms 

Number =828 

QRS > 110ms 

Number =132 
p value 

LV structure 

Septal wall thickness, mm 9.97±1.96 10.33±2.00 0.052 

Posterior wall thickness, mm 10.02±1.88 10.48±2.13 0.012 

LV internal dimension, mm 46.35±6.12 47.90±6.31 0.008 

LV EDV index, ml 44.8±14.7 45.42±13.98 0.650 

LV ESV index, ml 15.2±9.4 15.6±8.8 0.660 

LVEF, % 68.3±14.1 67.5±13.1 0.580 

LV mass, gm 164.65±58.58 182.05±72.33 0.009 

LV mass index, gm/m2 95.37±30.86 102.78±39.24 0.046 

LV M/V ratio 2.20±0.89 2.30±0.76 0.313 

LV function 

Mitral E/A ratio 16.57±7.45 16.11±6.55 0.587 

DT, ms 212.21±76.28 200.01±80.26 0.090 

IVRT, ms 86.38±33.07 89.05±31.59 0.386 

TDI-e’, cm/s 5.56±1.78 5.69±2.07 0.528 

TDI-s’, cm/s 5.63±1.36 5.69±1.60 0.731 

Mitral E/TDI-e’ 16.57±7.45 16.11±6.55 0.587 

TR Velocity, m/sec 3.02±0.46 3.00±0.44 0.676 



RV structure and function 

RV EDA, cm2 30.82±12.87 35.23±17.35 0.007 

RV ESA, cm2 16.32±8.63 19.27±11.87 0.009 

RVFAC, % 48.22±7.89 46.54±9.12 0.031 

Atrial structure 

LA Volume index, mL/m2 28.43±13.14 29.63±13.56 0.353 

RA Volume index, mL/m2 22.41±12.71 28.46±30.82 0.035 

LV, left ventricular; RV, right ventricular; EDV, end-diastolic volume; EDA, end-diastolic area; ESA, end-systolic area; FAC, fractional area 

change; ESV, end-systolic volume; LVEF, left ventricular ejection fraction; LVH, left ventricular hypertrophy; LV M/V, left ventricular mass to 

volume ratio; DT, deceleration time; IVRT, interventricular relaxation time; LA, left atrial; RA, right atrial; TDI, tissue Doppler imaging; TR, 

tricuspid regurgitation. 



Table S3. The clinical outcome for HHF, CV mortality, all-cause mortality, and composite end-points in non-fQRS, inferior fQRS, 

anterior/lateral fQRS 

Hospitalization for Heart failure (HHF) CV Mortality 

Fragmented QRS 
Non-fQRS Inferior fQRS 

Anterior/Lateral 

fQRS 
Non-fQRS Inferior fQRS 

Anterior/Lateral 

fQRS 

events, n (%) N 459 (69.9%) 143 (65%) 44 (53%) 551 (83.9%) 172 (78.2%) 59 (71.1%) 

Y 198 (30.1%) 77 (35%) 39 (47%) 106 (16.1%) 48 (21.8%) 24 (28.9%) 

Event Rate (per 

100 person-years) 
11.4 14.2 23.4 5.9 8.5 12.9 

Crude Model 
(Reference) 

1.20 [0.92, 1.57] 

p =0.17 

1.90 [1.35, 2.68]* 

p <0.001 
(Reference) 

1.40 [1.00, 1.97] 

p =0.052 

1.98 [1.27, 3.08]* 

p =0.003 

Model 1 

(HR) (95% CI) 
(Reference) 

1.20 [0.92, 1.56] 

p =0.17 

1.89 [1.34, 2.66]* 

p <0.001 
(Reference) 

1.44 [1.02, 2.03]* 

p =0.036 

2.16 [1.38, 3.37]* 

p =0.001 

Model 2 

(HR) (95% CI) 
(Reference) 

1.20 [0.92, 1.56] 

p =0.17 

1.89 [1.34, 2.67]* 

p <0.001 
(Reference) 

1.44 [1.02, 2.03]* 

p =0.038 

2.16 [1.38, 3.37]* 

p =0.001 

Model 3 

(HR) (95% CI) 
(Reference) 

1.09 [0.83, 1.42] 

p =0.53 

1.90 [1.34, 2.69]* 

p <0.001 
(Reference) 

1.44 [1.02, 2.05]* 

p =0.039 

2.00 [1.26, 3.16]* 

p =0.003 

All-cause Mortality Composite Endpoints 

Fragmented QRS 
Non-fQRS Inferior fQRS 

Anterior/Lateral 

fQRS 
Non-fQRS Inferior fQRS 

Anterior/Lateral 

fQRS 



events, n (%) N 450 (68.5%) 133 (60.5%) 40 (48.2%) 283 (43.1%) 69 (31.4%) 23 (27.7%) 

Y 207 (31.5%) 87 (39.6%) 43 (51.8%) 374 (56.9%) 151 (68.6%) 60 (72.3%) 

Event Rate (100 

person-years) 
11.5 15.5 23.2 48.7 54.2 65.1 

Crude Model 
(Reference) 

1.31 [1.02, 1.68]* 

p =0.037 

1.81 [1.31, 2.52]* 

p <0.001 
(Reference) 

1.27 [1.05, 1.53]* 

p =0.015 

1.49 [1.13, 1.95]* 

p =0.004 

Model 1 

(HR) (95% CI) 
(Reference) 

1.35 [1.05, 1.74]* 

p =0.019 

2.00 [1.43, 2.77]* 

p <0.001 
(Reference) 

1.28 [1.05, 1.54]* 

p =0.012 

1.54 [1.17, 2.02]* 

p =0.002 

Model 2 

(HR) (95% CI) 
(Reference) 

1.34 [1.05, 1.73]* 

p =0.021 

2.00 [1.44, 2.78]* 

p <0.001 
(Reference) 

1.27 [1.05, 1.54]* 

p =0.013 

1.54 [1.17, 2.03]* 

p =0.002 

Model 3 

(HR) (95% CI) 
(Reference) 

1.35 [1.04, 1.74]* 

p =0.024 

1.84 [1.32, 2.56]* 

p <0.001 
(Reference) 

1.21 [1.00, 1.47] 

p =0.055 

1.53 [1.16, 2.02]* 

p =0.003 

* denotes p<0.05 by the Cox linear regression model. HR: hazard ratio; CI: confidence interval

Model 1: age; Model 2: age, sex; Model 3: age, sex, BMI, hypertension, diabetes, prior hHF, coronary artery disease, CVA, eGFR, and LVEF. 

HHF, hospitalization for heart failure; CV, cardiovascular; HR, hazard ratio; BMI, body mass index; CVA, cerebrovascular accident; DM, 

diabetes mellitus; eGFR, estimated glomerular filtration rate; HTN, hypertension; LVEF, left ventricular ejection fractio



Table S4. QRS duration as a continuous variable after excluding those presenting RBBB, LBBB, and PPM, and was categorized as 

≦110ms (reference) or >110ms. 

Hospitalization for Heart failure (HHF) All-cause Mortality 

QRS Duration QRS duration≦110ms QRS Duration >110ms QRS duration≦110ms QRS Duration >110ms 

Events, n 

N 550 276 542 83 

Y 60 57 284 34 

Model 1 

(HR) (95% CI) 
(Reference) 

1.733[1.298, 2.312]* 

p < 0.001 
(Reference) 

0.987[0.684, 1.422] 

p = 0.943 

Model 2 

(HR) (95% CI) 
(Reference) 

1.710[1.276, 2.289]* 

p < 0.001 
(Reference) 

0.980[0.676, 1.419] 

p = 0.914 

Model 3 

(HR) (95% CI) 
(Reference) 

1.654[1.215, 2.51]* 

p = 0.001 
(Reference) 

0.958[0.645, 1.423] 

p = 0.832 

CV Mortality Composite Endpoints 

QRS Duration QRS duration≦110ms QRS Duration >110ms QRS duration≦110ms QRS Duration >110ms 

Events, n 

N 550 276 542 83 

Y 60 57 284 34 

Model 1 

(HR) (95% CI) 
(Reference) 

1.733[1.298, 2.312]* 

p < 0.001 
(Reference) 

0.987[0.684, 1.422] 

p = 0.943 

Model 2 

(HR) (95% CI) 
(Reference) 

1.710[1.276, 2.289]* 

p < 0.001 
(Reference) 

0.980[0.676, 1.419] 

p = 0.914 

Model 3 (Reference) 1.654[1.215, 2.51]* (Reference) 0.958[0.645, 1.423] 



(HR) (95% CI) p = 0.001 p = 0.832 

* refers to p <0.05.

Model 1: Age 

Model 2: Age + Sex; 

Model 3: Age + Sex + BMI, + HTN + DM + CHF + Hyperlipidemia + CVD + eGFR + LVEF; 

HR, hazard ratio; CI, confidence interval; BMI, body mass index; HTN, hypertension; DM, diabetes mellitus; CHF, congestive heart failure; 

CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; AF, atrial fibrillation 



Table S5. Biomarker, left ventricular structure and function in the patients with known coronary artery disease across non-fQRS, 

inferior fQRS, and anterior/lateral fQRS groups 

Fragmented QRS group 
Non-fQRS 

(n= 215) 

Inferior fQRS 

(n= 76) 

Anterior/lateral fQRS 

(n= 34) 
p value 

Biomarker 

BNP, pg/mL (n=314)a 558[241, 1300] 695[268.5, 1480] 920.5[516, 3300]*† <0.001 

Troponin-I (n=309)a 0.04[0.02, 0.18] 0.06[0.02, 0.13] 0.14 [0.04, 0.62]*† 0.008 

LV structure 

LV mass index, gm/m2 101.5 ± 29.5 104.5 ± 34.3 115.1 ± 32.8 0.069 

LVEDV index, mL 46.1 ± 14.5 46.4 ± 18.8 54.2 ± 17.3* 0.038 

LVEF, % 63.5 ± 6.4 63.2 ± 7.6 61.6 ± 6.7 0.307 

LV systolic and diastolic function 

DT, ms 213.4 ± 78.6 213.0 ± 78.4 185.0 ± 78.4 0.140 

IVRT, ms 88.1 ± 32.2 89.5 ± 35.2 95.3 ± 40.2 0.521 

TDI-e’, cm/s 5.4 ± 1.6 5.0 ± 1.5 4.5 ± 1.3 0.018 

TDI-s’, cm/s 5.4 ± 1.3 5.4 ± 1.6 4.8 ± 1.3 0.199 

Mitral E / TDI-e’ 16.8 ± 7.7 18.0 ± 7.4 22.7 ± 13.3* 0.012 

TR Velocity, cm/s 2.98 ± 0.44 2.98 ± 0.43 3.17 ± 0.56 0.086 

LA volume index, mL/m2 28.4 ± 12.7 27.9 ± 10.6 34.8 ± 13.9*† 0.027 

Data are expressed as mean ± SD or percentage. 

* p<0.05 vs Non-fQRS; † p<0.05 vs Inferior fQRS. a Troponin-I and BNP are expressed as median [25th percentile, 75th percentile].



LV, left ventricular; EDV, end-diastolic volume; LVEF, left ventricular ejection fraction; LVH, left ventricular hypertrophy; LV, left ventricular 

mass to volume ratio; DT, deceleration time; IVRT, interventricular relaxation time; LA, left atrial; TDI, tissue Doppler imaging; TR, tricuspid 

regurgitation. Other abbreviations as Table 1 and Table 2. 



Table S6. Hazard ratio of hospitalization for heart failure, cardiovascular death, all-cause death, and composite endpoint in the patients 

with known coronary artery disease and presence of inferior fQRS and anterior/lateral fQRS 

Adjusted for age, sex, body mass index, estimated glomerular infiltration rate, diabetes mellitus, hypertension 

fQRS, fragmented QRS; HR, hazard ratio; CI, confidence interval 

Fragmented QRS group Non-fQRS 

(n= 215) 

Inferior fQRS 

(n= 76) 

Anterior/lateral fQRS 

(n= 34) 

Unadjusted 

HR (95% CI) 

Adjusted 

HR (95% CI) 

Unadjusted 

HR (95% CI) 

Adjusted 

HR (95% CI) 

Unadjusted 

HR (95% CI) 

Adjusted 

HR (95% CI) 

Hospitalization for heart failure - 

(reference) 

- 

(reference) 

1.14 

(0.76-1.73) 

p = 0.523 

0.98 

(0.64-1.49) 

p = 0.908 

1.26 

(0.71-2.22) 

p = 0.425 

1.23 

(0.69-2.17) 

p = 0.484 

Cardiovascular death - 

(reference) 

- 

(reference) 

1.26 

(0.71-2.23) 

p = 0.430 

1.25 

(0.70-2.23) 

p = 0.460 

2.46 

(1.27-3.08) 

p = 0.007 

2.60 

(1.29-5.11) 

p =0.007 

All-cause death - 

(reference) 

- 

(reference) 

1.12 

(0.72-1.75) 

p = 0.613 

1.10 

(0.69-1.74) 

p = 0.692 

2.29 

(1.39-3.78) 

p =0.001 

2.27 

(1.35-3.82) 

p = 0.002 

Composite endpoint - 

(reference) 

- 

(reference) 

1.10 

(0.80-1.52) 

p = 0.552 

1.00 

(0.72-1.39) 

p = 0.994 

1.52 

(1.00-2.32) 

p = 0.051 

1.43 

(0.93-2.20) 

p = 0.104 



Figure S1. Study flowchart showing the enrollment criteria for patients discharged 

with HFpEF. The patients with overt or incomplete bundle branch block or a 

permanent pacemaker were excluded. All study participants were divided into non-

fQRS, inferior and anterior/lateral fQRS groups. 
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