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Background: Fragmented QRS (fQRS) results from myocardial scarring and predicts

cardiovascular mortality and ventricular arrhythmia (VA). We evaluated the prevalence

and prognostic value of fQRS in Asian patients hospitalized for heart failure.

Methods and Results: This was a retrospective cohort study of adult patients

hospitalized for heart failure between 1st January 2010 and 31st December 2016 at

a tertiary center in Hong Kong. The baseline ECG was analyzed. QRS complexes

(<120ms) with fragmented morphology in ≥2 contiguous leads were defined as fQRS.

The primary outcome was a composite of cardiovascular mortality, VA, and sudden

cardiac death (SCD). The secondary outcomes were the components of the primary

outcome, myocardial infarction, and new-onset atrial fibrillation. In total, 2,182 patients

were included, of whom 179 (8.20%) had fQRS. The follow-up duration was 5.63± 4.09

years. fQRS in any leads was associated with a higher risk of the primary outcome

(adjusted hazard ratio (HR) 1.428 [1.097, 1.859], p= 0.001), but not myocardial infarction

or new-onset atrial fibrillation. fQRS in>2 contiguous leads was an independent predictor

of SCD (HR 2.679 [1.252, 5.729], p= 0.011). In patients without ischaemic heart disease

(N = 1,396), fQRS in any leads remained predictive of VA and SCD (adjusted HR 3.526

[1.399, 8.887], p = 0.008, and 1.873 [1.103, 3.181], p = 0.020, respectively), but not

cardiovascular mortality (adjusted HR 1.064 [0.671, 1.686], p = 0.792).

Conclusion: fQRS is an independent predictor of cardiovascular mortality, VA, and SCD.

Higher fQRS burden increased SCD risk. The implications of fQRS in heart failure patients

without ischaemic heart disease require further studies.

Keywords: fragmented QRS, heart failure, Asian, ventricular arrhythmia, sudden cardiac death, myocardial fibrosis

https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://doi.org/10.3389/fcvm.2021.738417
http://crossmark.crossref.org/dialog/?doi=10.3389/fcvm.2021.738417&domain=pdf&date_stamp=2021-11-11
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles
https://creativecommons.org/licenses/by/4.0/
mailto:jeffreychan.dbs@gmail.com
mailto:gary.tse@kmms.ac.uk
mailto:qingpeng.zhang@cityu.edu.hk
https://doi.org/10.3389/fcvm.2021.738417
https://www.frontiersin.org/articles/10.3389/fcvm.2021.738417/full


Chan et al. Fragmented QRS in Heart Failure

INTRODUCTION

First described by Boineau and Cox in 1973, fragmented QRS
(fQRS) is the manifestation of myocardial scarring on 12-
lead surface electrocardiogram (ECG) (1, 2). Though initially
described in the context of ischaemic heart disease (IHD), fQRS
has been observed in other conditions where myocardial scarring
or fibrosis is present, such as hypertrophic cardiomyopathy and
cardiac sarcoidosis (2, 3). The presence of fQRS has been shown
to be predictive of all-cause mortality and ventricular arrhythmia
(VA) (4), and several morphological criteria and classification
systems have been set forth by a number of research groups,
including those by Das et al. and Haukilahti et al. (2, 5). While
fQRS has been shown to be predictive of adverse cardiovascular
outcomes in patients with heart failure (4), most studies have
focused on either acute outcomes of hospitalized patients, or
long-term outcomes of ambulatory patients (6, 7).With the rising
prevalence of heart failure in Asia (8, 9), there is an ever greater
need for good prognostic markers in Asian patients with heart
failure. As data on the prevalence and long-term prognostic
power of fQRS in Asian patients hospitalized with heart failure
are lacking, we aimed to bridge this gap in evidence with the
current study.

MATERIALS AND METHODS

This was a retrospective cohort study approved by The Joint
Chinese University of Hong Kong—New Territories East Cluster
Clinical Research Ethics Committee. All patients aged ≥18
years old who were hospitalized for heart failure, as identified
using relevant ICD-9 codes, between 1st January 2010 and 31st
December 2016 at a single tertiary center in Hong Kong were
included. Patients who had wide QRS (≥120ms) on the first ECG
recorded during index hospitalization, missing primary outcome
data, and those who did not have any ECG done during the index
hospitalization were excluded. The patients were identified using
the Clinical Data Analysis and Reporting System (CDARS), a
territory-wide database that centralizes patient information from
local hospitals and ambulatory and outpatient facilities. Mortality
data were obtained from the Hong Kong Death Registry, a
government registry with the registered death records of all
Hong Kong citizens linked to CDARS.

Patient demographics, prior comorbidities (as identified by
ICD-9 codes [Supplementary Table 1; anemia was additionally
identified by a baseline hemoglobin level <13 g/dL (males)
or <12 g/dL (females)], and baseline medication usage were
extracted. The baseline Charlson comorbidity index was
calculated to reflect comorbid statuses. The baseline ECG
obtained on the first heart failure admission was selected for
automated analysis. The paper speed of all ECG performed
in public institutions in Hong Kong has been standardized to
25 mm/s, which therefore applies to all ECG analyzed in this
study. Automated measurements were performed on digital ECG
tracings using the Philips ECGVue program (Standard Edition),
with the ECG waveform data captured at a sample rate of 4 MHz
and reduced to 500 samples per second with 5µV resolution. We
defined fQRS using the criteria set forth by Das et al., where fQRS

was defined as the presence of an additional R wave (R’), notching
in the nadir of the S wave, or presence of more than two R’ waves
in at least two contiguous leads within any myocardial territory
(anterior, inferior, or lateral) with QRS duration of <120ms (5).
QRS complexes with fragmented morphology in a single lead
were not classified as fQRS.

The primary outcome was a composite of cardiovascular
mortality, VA, and SCD. The secondary outcomes were the
individual components of the primary composite outcome,
myocardial infarction (MI), and new-onset atrial fibrillation
(AF). All patients were followed up till 31st December 2019. All
event occurrences were identified using ICD-9 codes.

All continuous variables were expressed as mean ± standard
deviation and compared using Student’s t-test. Dichotomous
variables were compared using Fisher’s exact test. All outcomes
were analyzed by univariate and multivariate Cox regression
adjusting for baseline comorbidities that significantly predicted
the outcomes. Hazard ratios (HR) were used as the summary
statistic. Subgroup analyses were done to assess the prognostic
power of fQRS in patients with and without ischaemic heart
disease, respectively. The impact of fQRS burden in patients with
fQRS was also explored by comparing those who only have two
leads with fQRS morphology against those who have more than
two such leads. All p-values were two-sided, and p < 0.05 was
considered significant. All statistical analyses were performed
using SPSS software version 25.0 (IBM Corp, New York, USA).
The raw data supporting the conclusions of this article will be
made available on reasonable request to any of the corresponding
authors, without undue reservation.

RESULTS

In total, 2,868 patients fulfilled the inclusion criteria. After
excluding patients with missing ECG (N = 4), missing primary
outcome data (N = 309), and wide QRS complex (N = 373),
2,182 patients were included in the analysis (Figure 1). We
identified fQRS in 179 patients (8.20%), more of whom were
males than those without fQRS [98 of 179 (54.7%) vs. 934 of
2003 (46.6%), p = 0.042], but were not significantly different in
age (75.4 ± 14.8 vs. 74.4±13.5 years, p = 0.403) or Charlson
comorbidity index (4.91 ± 2.29 vs. 5.14 ± 2.39, p = 0.211);
1,588 (72.8%) had known heart failure prior to the index
hospitalization. Patients with fQRS had significantly higher rates
of chronic renal diseases (p = 0.011) but lower rates of anemia
(p = 0.020). Other baseline characteristics were not significantly
different between the two cohorts (Table 1). Follow-up durations
were similar between cohorts (5.53 ± 4.21 vs. 5.64 ± 4.08
years, p = 0.733), without any loss to follow-up. The primary
composite outcome was met in 566 (25.9%) patients, while
the secondary outcome of cardiovascular mortality was met in
419 (19.2%) patients, VA in 56 (2.6%) patients, SCD in 212
(9.7%) patients, MI in 353 (16.2%) patients, and new-onset AF
in 829 (38.0%) patients.

Prognostic Value of the Presence of fQRS
Cox regression (Table 2) showed that the presence of fQRS
predicted the primary composite outcome in univariate analysis
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FIGURE 1 | Flow chart summarizing the inclusion and exclusion of patients.

(HR 1.507 [1.160, 1.959], p = 0.002), which remained significant
after multivariable adjustments (adjusted HR 1.428 [1.097,
1.859], p = 0.008; Figure 2A). Both univariate and multivariate
analyses demonstrated that fQRS was strongly predictive
of cardiovascular mortality, VA, and SCD. Importantly, the
prognostic power of fQRS for the primary composite outcome,
VA, and SCD were independent of prior history of VA and SCD.

Subgroup Analysis by IHD Status
Subgroup analysis was performed on patients with [786 (36.0%)]
and without [1,396 (64.0%)] IHD (Supplementary Table 2).
fQRS was present in 75 (9.5%) patients with IHD, and 104 (7.4%)
patients without IHD. Patients with IHD were followed up for
slightly longer periods (5.82 ± 4.13 vs. 5.29 ± 4.00 years, p
= 0.003). Among patients with IHD, the primary composite
outcome was met in 228 (29.0%) patients, while the outcome
of cardiovascular mortality was met in 171 (21.8%) patients, VA
in 28 (3.6%) patients, SCD in 83 (10.6%) patients, MI in 204
(26.0%) patients, and new-onset AF in 249 (31.7%) patients.
Among patients without IHD, these were met in 338 (24.2%),
248 (17.8%), 28 (2.0%), 129 (9.2%), 149 (10.7%), and 580 (41.5%)
patients, respectively. Cox regression showed that in patients with
IHD, fQRS predicted the primary composite outcome (adjusted
HR 1.511 [1.030, 2.215], p = 0.035), cardiovascular mortality
(adjusted HR 1.615 [1.053, 2.479], p = 0.028), VA (adjusted HR
2.880 [1.160, 7.154], p = 0.023), and SCD (adjusted HR 1.881
[1.014, 3.481], p = 0.045). However, fQRS did not predict the
primary composite outcome in patients without IHD (adjusted
HR 1.342 [0.929, 1.938], p = 0.117), despite remaining strongly
predictive of VA (adjusted HR 3.336 [1.343, 8.282], p = 0.009)
and SCD (adjusted HR 1.928 [1.135, 3.278], p= 0.015).

Prognostic Value of fQRS Burden
Patients with fQRS were stratified into those with two contiguous
leads with fQRS (112 patients; 5.13% of all patients; 62.6% of
patients with fQRS), and those with more than two such leads
(67 patients; 3.07% of all patients; 37.4% of patients with fQRS), as
summarized in Supplementary Table 3. The two subgroups were
not significantly different in any baseline characteristics. Cox
regression demonstrated significantly higher risk of the primary

TABLE 1 | Baseline characteristics and follow-up durations of included patients.

No fQRS

(N = 2,003)

fQRS present

(N = 179)

P-value

Follow-up duration, years 5.64 ± 4.08 5.53 ± 4.21 0.733

Demographics

Male. N (%) 934 (46.6) 98 (54.7) 0.042

Age, years 74.4 ± 13.5 75.4 ± 14.8 0.403

Comorbidities

Charlson comorbidity index 5.14 ± 2.39 4.91 ± 2.29 0.211

Anemia, N (%) 785 (39.2) 54 (30.2) 0.020

Known heart failure prior to index

admission, N (%)

1,469 (73.3) 119 (66.5) 0.054

Diabetes mellitus, N (%) 616 (30.8) 50 (27.9) 0.447

Chronic renal diseases,

N (%)

277 (13.8) 13 (7.26) 0.011

Hypertension, N (%) 918 (45.8) 69 (38.5) 0.071

Ischaemic heart disease,

N (%)

711 (35.5) 75 (41.9) 0.089

Myocardial infarction, N (%) 185 (9.2) 19 (10.6) 0.505

Prior ventricular arrhythmia, N (%) 21 (1.0) 5 (2.8) 0.056

Prior sudden cardiac death, N (%) 22 (1.1) 4 (2.2) 0.159

Atrial fibrillation, N (%) 370 (18.5) 41 (22.9) 0.162

Stroke/TIA, N (%) 264 (13.2) 18 (10.1) 0.294

Medications

ACEI/ARB, N (%) 1,016 (50.7) 95 (53.1) 0.585

Beta-blockers, N (%) 964 (48.1) 92 (51.4) 0.435

Diuretics, N (%) 755 (37.7) 69 (38.5) 0.810

Non-dihydropyridine calcium

channel blockers,

N (%)

749 (37.4) 55 (30.7) 0.089

Nitrates, N (%) 518 (25.8) 57 (31.8) 0.092

Statins and fibrates, N (%) 621 (31.0) 51 (28.5) 0.554

Anticoagulants, N (%) 320 (16.0) 33 (18.4) 0.397

Antiplatelets, N (%) 798 (39.8) 74 (41.3) 0.691

Sodium channel-blocking

antiarrhythmics, N (%)

6 (0.300) 1 (0.562) 0.451

Potassium channel-blocking

antiarrhythmics, N (%)

56 (2.80) 3 (1.68) 0.478

Dihydropyridine calcium channel

blockers, N (%)

174 (8.69) 16 (8.94) 0.890

Digoxin, N (%) 174 (8.69) 21 (11.7) 0.172

ACEI, angiotensin-converting-enzyme inhibitors; ARB, angiotensin II receptor blockers;

fQRS, fragmented QRS.

Statistically significant results were highlighted in bold.

composite outcome in the latter (HR 1.841 [1.119, 3.029], p =

0.016; Figure 2B), driven by a significantly higher risk of SCD
(HR 2.866 [1.350, 6.081], p = 0.006) which remained significant
even after adjustment for clinical history of VA and SCD (HR
2.679 [1.252, 5.729], p = 0.011). All other outcomes were not
significantly different in risk between the two subgroups.

DISCUSSION

In this retrospective cohort study of heart failure patients, fQRS
is strongly and independently predictive of cardiovascular
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TABLE 2 | Cox regression analysis of all 2,182 patients.

Outcome Univariable Multivariable model

HR [95% CI] P-value HR [95% CI] P-value

Composite primary outcomea 1.507 [1.160, 1.959] 0.002 1.428 [1.097, 1.859]b 0.008

Secondary outcomes CV mortality 1.373 [1.008, 1.871] 0.044 1.405 [1.030, 1.917]c 0.032

VA 3.231 [1.707, 6.119] 0.0003 2.017 [1.039, 3.917]d 0.038

SCD 1.832 [1.231, 2.727] 0.003 1.638 [1.097, 2.446]e 0.016

MI 1.023 [0.700, 1.496] 0.905 0.890 [0.607, 1.304]f 0.890

New-onset AF 1.111 [0.874, 1.413] 0.391 1.123 [0.882, 1.431]g 0.347

Hazard ratios were referenced against patients without fragmented QRS.
aA composite of cardiovascular mortality, ventricular arrhythmia, and sudden cardiac death.
bAdjusted for age, Charlson comorbidity index, anemia, chronic renal diseases, ischaemic heart disease, prior VA, prior SCD, prior MI, and diabetes mellitus.
cAdjusted for age, sex, anemia, Charlson comorbidity index, chronic renal disease, ischaemic heart disease, prior MI, and diabetes mellitus.
dAdjusted for age, sex, Charlson comorbidity index, anemia, ischaemic heart disease, prior MI, prior VA, and prior SCD.
eAdjusted for age, sex, Charlson comorbidity index, prior VA, prior SCD, and diabetes mellitus.
fAdjusted for age, sex, Charlson comorbidity index, known heart failure prior to index hospitalization, prior MI, ischaemic heart disease, diabetes mellitus, prior AF, and anemia.
gAdjusted for age, sex, Charlson comorbidity index, known heart failure prior to index hospitalization, prior MI, ischaemic heart disease, diabetes mellitus, and prior VA.

AF, atrial fibrillation; CI, confidence interval; CV, cardiovascular; HR, hazard ratio; MI, myocardial infarction; SCD, sudden cardiac death; VA, ventricular arrhythmia.

Statistically significant results were highlighted in bold.

mortality, VA, and SCD, with the presence of fQRS
in more than two contiguous leads being associated
with significantly higher risk of SCD. Additionally, we
showed that while fQRS was strongly predictive of VA
and SCD regardless of IHD status, though fQRS was
only predictive of cardiovascular mortality in patients
with IHD.

Previous studies have shown that fQRS is predictive of
mortality and arrhythmic events in patients with heart failure
(4). To the authors’ best knowledge, the present study is the first
study focusing on Asian patients hospitalized with heart failure
that reported long-term clinical outcomes, with a mean follow-
up duration exceeding 5 years. We confirmed that the elevated
risk of adverse outcomes in patients with fQRS persists in the
long term, independent of prior history of VA. The magnitudes
of elevated risk we observed were also comparable to previous
studies (4). Previous studies on Asian patients with heart failure
have found fQRS in 21.5–49% of patients (6, 10, 11). This wide
range of prevalence was in spite of all these studies, including
ours, using the same criteria set forth by Das et al. (5) It is thus
likely that such variations were driven by the different inclusion
criteria and, in turn, the severity and etiology of heart failure
in included patients. For instance, Igarashi et al. reported the
highest prevalence (49%) in a cohort of patients with ischaemic
cardiomyopathy undergoing cardiac resynchronization therapy,
contrasting the 21.5% reported by Pei et al. who analyzed patients
with either dilated or ischaemic cardiomyopathy on optimal
medical therapy (6, 10). In contrast, we identified fQRS in 8.20%
of included patients. The lower rate was likely due to the less
selective inclusion criteria of the current study, including patients
regardless of previous heart failure diagnosis, admissions, and
severity. Although this might introduce some heterogeneity,
our study population closely reflect heart failure patients that
clinicians see and manage on a daily basis. This strength was

further reinforced by our use of a territory-wide database as data
source. Overall, our results are useful for guiding clinicians in
their care of patients with heart failure.

Additionally, we found that a higher burden of fQRS
was associated with further increased risk of SCD. A similar
concept has been shown by Debonnaire et al. in patients
with hypertrophic cardiomyopathy (12). This finding may be
explained mechanistically by higher fQRS burden reflecting
more extensive myocardial scarring (13). By choosing a
cutoff of two contiguous leads with fQRS, our results meant
that the presence of additional leads with QRS complexes
of fragmented morphology beyond the classification criteria
would be additionally predictive of SCD. This allowed for
a straightforward and intuitive interpretation, potentially
facilitating clinical applications. The concept of fQRS burden
was also echoed by Roudijk et al., who recently quantified
fQRS burden by the total number of deflections in the
QRS complex in all leads of a 12-lead ECG (14). Although
the resultant index (quantitative fQRS, i.e., Q-fQRS) was
not significantly prognostic in their studied population of
arrhythmogenic cardiomyopathy, Q-fQRS may objectively
provide more granularity in terms of fQRS burden than simpler,
morphologically dichotomous approaches as used in the current
study. The value of Q-fQRS deserves further studies and
investigation in broader populations.

Importantly and interestingly, we showed that fQRS
was predictive of SCD but not cardiovascular mortality in
patients without IHD. It must be noted that non-ischaemic
cardiomyopathies are a heterogeneous entity with various
etiologies, and the pathophysiological changes leading to the
presence of fQRS might vary accordingly. It is thus possible that
fQRS has varying significance in these patients depending on the
etiology of cardiomyopathy. Further studies are warranted in
this area.
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FIGURE 2 | Kaplan-Meier curves of cumulative freedom from the primary composite outcome of (A) all patients, stratified by the presence of fragmented QRS (fQRS),

and (B) patients with fQRS, stratified by fQRS burden. The hazard ratio (HR) shown was adjusted for baseline characteristics that predicted the primary composite

outcome.

Clinical Relevance
fQRS may serve as a simple yet powerful predictor of
adverse outcomes in patients hospitalized for heart failure,
facilitating risk stratification and management of such patients.
For instance, the presence of fQRS may alert clinicians to
arrange more intensive follow-ups and monitoring, especially
for arrhythmia. A higher fQRS burden should also alert
clinicians to a higher risk of VA and SCD. Further research
of the applicability of fQRS in different patient population
have the potential to influence decision pathways for primary
and secondary prevention of arrhythmic events and SCD.
Further investigation of the interactions between fQRS and other
important echocardiographic and functional factors [e.g., frailty

(15, 16)] may further impact the management of heart failure
in general.

LIMITATIONS

This study has several limitations. First, due to the nature
of CDARS, we had no accompanying echocardiographic or
functional data. We recognize that echocardiographic data,
including left ventricular ejection fraction and other measures
of systolic and diastolic function, is critical for prognosticating
and classifying heart failure (17, 18). While the lack of these
parameters limits interpretation, our findings remain clinically
useful as ECG measurements are more readily available than
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echocardiographic measurements. We have also included the
Charlson comorbidity index to better capture the patients’ overall
comorbid status. Second, the included patients with heart failure
were heterogeneous in etiology and phenotype. As shown by
the subgroup analysis on patients with or without IHD, such
differences may affect the prognostic value of fQRS. The lack
of information about non-ischaemic etiologies of heart failure
in our cohort also limits the results’ generalizability. Third, our
analysis did not account for differences in the morphologies of
fQRS, which may have prognostic implications (2). In addition to
affecting the classification of fQRS, morphological considerations
may also have implications in the quantification of fQRS burden,
as discussed above. Although more detailed quantification of
fQRS burden deserves further investigation (14), our results
remain valid and clinically relevant given the strong prognostic
values of fQRS burden as defined in this study. Fourth, data
obtained from CDARS could not be adjudicated. However, all
data entry were done by clinicians not involved in this study,
and CDARS has been used extensively in other peer-reviewed
publications (19, 20).

CONCLUSION

The presence of fQRS was independently predictive of
cardiovascular mortality, VA, and SCD in Asian patients
hospitalized for heart failure. Having fQRS in more than two
contiguous leads independently predicted further increased risk
of SCD. However, fQRS did not predict cardiovascular mortality
in patients without IHD, warranting further studies.
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