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Abstract

Purpose of Review Hypertension cause damage in cardiac structure and induce pathological myocardial fibrosis that leads to
hypertensive cardiomyopathy. A narrow fragmented QRS complex (fQRS) is associated with myocardial fibrosis and scar tissue
in various cardiovascular diseases. It is also associated with myocardial fibrosis in hypertensive patients even in the absence of
any structural heart diseases. This article aimed to demonstrate importance and usefulness of fQRS in hypertensive patients.
Recent Findings Current evidence suggest that the frequency of fQRS is significantly higher in hypertensive patients compared to
normotensives. Also, fQRS seems to be a predictor of left ventricular hypertrophy, increased systolic blood pressure, non-
dipping, deterioration of the left ventricular geometry, and worse systolic and diastolic functions in hypertensive patients.
Summary As a simple and easy detectable electrocardiographic finding, fQRS may indicate myocardial fibrosis, uncontrolled
blood pressure, and deteriorated cardiac structure in hypertensive patients even in the absence of other structural heart diseases,

and may also be useful to predict high-risk hypertensives.
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Introduction

Hypertension is a leading cause of morbidity and mortality
around the globe and is a global health problem affecting
approximately one third of general population and is strongly
associated with major adverse cardiovascular events (MACE)
[1, 2]. Increased blood pressure is associated with numerous
abnormalities on electrocardiography (ECG) mainly due to
increased left ventricular mass (LVM) and left ventricular hy-
pertrophy (LVH) as a result of chronic pressure overload [3].
As a sign of myocardial fibrosis and scar tissue, recent studies
demonstrated that the frequency of a narrow fragmented QRS
complex (fQRS) on ECQG is significantly higher in hyperten-
sive patients compared to normotensives even in the absence
of LVH, indicating the fQRS as a marker of higher myocardial
fibrotic burden in hypertensive patients [4¢]. This review is
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focused to describe the importance and usefulness of fQRS as
a novel fibrotic ECG marker in hypertensive patients, in par-
ticular, in the absence of LVH.

Methods

A comprehensive search of several medical databases
(Pubmed and EMBASE) was performed for all the English
written articles in the fields of hypertension and fQRS until
May 2019 using the following keywords: “hypertension” and
“blood pressure” combined with “fragmented QRS” and
“QRS fragmentation.” This review article focused on review
of all the relevant articles investigating the relationship of
fQRS with hypertension.

All the English written articles were included if all of the
following criteria were met: (a) diagnosis of hypertension in
patients aged 18 years or older, (b) reported a relationship
between fQRS and increased blood pressure levels, (¢) report-
ed a relationship between fQRS and hypertension-related dis-
orders or target organ damage. All study designs (prospective,
cross-sectional, and retrospective) were included. Following
the initial screening by titles and abstracts, full-text articles
were examined in detail for their eligibility. Importantly, no
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articles which investigated the importance and usefulness of
fQRS in hypertensive patients were excluded. A flowchart for
the search strategy and article selection is shown in Fig. 1. The
studies which investigated the fQRS in hypertensive patients
are summarized in Table 1.

Hypertension and Electrocardiography

Hypertension is generally defined as office systolic blood
pressure (SBP) of > 140 mmHg and diastolic blood pressure
(DBP) of > 90 mmHg. Based on new evidence, recent guide-
lines recommended lower target blood pressure levels, mainly
office blood pressure levels of less than 130/80 mmHg to
reduce MACE [16, 17]. However, the method of blood pres-
sure measurement has a significant effect on measured blood
pressure levels and this situation creates an important difficul-
ty in the diagnosis of hypertension in clinical practice.
Nevertheless, ambulatory blood pressure monitoring
(ABPM) provides a better cardiovascular risk prediction than
office blood pressure measurements, and ABPM values pre-
dict MACE more accurately than office blood pressure values
[18, 19]. The diagnosis of hypertension is made by ABPM
when recordings indicate a 24-h mean SBP > 130 mmHg and/
or DBP >80 mmHg, daytime mean SBP > 135 mmHg and/or
DBP > 85 mmHg, or nighttime mean SBP > 120 mmHg and/

or DBP>70 mmHg [16, 19]. Hence, the studies that diag-
nosed the hypertension by ABPM recordings were clearly
stated in this review.

Chronic and continuous pressure overload induce and ac-
celerate the excessive accumulation of collagen fibers and
connective tissue matrix within the myocardium of hyperten-
sive patients that leads pathological fibrosis and subsequently
proceeds to LVH [20]. ECG abnormalities are highly preva-
lent in hypertensive individuals, mainly driven by LVH and
secondary ST/T changes [21]. However, LVH is not a com-
mon finding and only a small proportion of hypertensive pa-
tients have a diagnosis of LVH [22]. Therefore, novel and
simple ECG markers indicating myocardial fibrosis like
fQRS may be helpful in terms of risk stratification of the
majority of hypertensive patients, particularly in the early
phase of the disease and before the development of LVH.

Fragmented QRS on Electrocardiography

fQRS is defined as presence of various RSR’ patterns or
notching in the nadir of the S wave in the original QRS com-
plex, in two contiguous leads corresponding to a major coro-
nary artery territory with a QRS duration of < 120 ms and in
the absence of typical bundle branch block [23]. Figures 2 and
3 show the examples of different morphologies of the fQRS.
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Table 1 Studies investigated the fragmented QRS in hypertensive patients
Authors, n Study design Year Diagnosis of Findings
hypertension

Eyuboglu et al. [4] (n=548) Cross-sectional 2017 ABPM Frequency of fQRS was found to be significantly higher in
hypertensive patients compared to normotensives even in
the absence of LVH, and SBP was found to be an
independent predictor of fQRS in hypertensives

Bekar et al. [5] (n=90) Cross-sectional 2016 Office measurement As a marker of fibrosis, serum PCIP levels were found to be

or ABPM

Kadi et al. [6] (n=90) Prospective 2013 Office measurement
Zhang et al. [7] (n=236) Retrospective 2015 Office measurement
Tanriverdi et al. [8] (n=106) Retrospective 2017 ABPM
Eyuboglu et al. [9] (n=338) Cross-sectional 2017 ABPM
Bekar et al. [10] (n=200) Cross-sectional 2019 Office measurement

Kadietal. [11] (n=72) Prospective case control

Korkmaz et al. [12] (n=150) Cross-sectional

Mabhfouz et al. [13] (n=120) Cross-sectional

Bekar et al. [14] (n=114) Cross-sectional

Bekar et al. [15] (n=90) Cross-sectional

2015

2015

2019

2019

2019

or ABPM

Office measurement

Office measurement

Office measurement

Office measurement

or ABPM

Office measurement
or ABPM

an independent predictor of fQRS in hypertensive patients

fQRS was found to be significantly associated with LVH
and LVMI in hypertensive patients with normal coronary
angiogram

fQRS was found to be an independent predictor of LVH
and severity of LVH in hypertensive patients with normal
coronary angiogram

fQRS was found to be an independent predictor of non-dipper
status in hypertensive patients without LVH

Nighttime SBP was found to be an independent predictor of
fQRS in hypertensive patients without LVH

Presence of fQRS was found to be independently associated
with the complex ventricular arrhythmias in hypertensive
patients.

Presence of fQRS was associated with more severe diastolic
dysfunction in patients with hypertension

fQRS was found to be associated with increased arterial
stiffness in asymptomatic hypertensive patients

fQRS was found to be associated with exercise intolerance and
reduced coronary flow reserve

fQRS was found to be associated with increased epicardial
adipose tissue thickness in hypertensive patients

A significant association was found between an inflammatory

marker serum ICAM-1 levels and the presence of fQRS in
hypertensive patients

ABPM ambulatory blood pressure monitoring, fORS fragmented QRS, LVH left ventricular hypertrophy, SBP systolic blood pressure, PCIP carboxy-
terminal propeptide of type 1 procollagen, LVMI left ventricular mass index, /[CAM-1 intercellular adhesion molecule-1

fQRS is not an uncommon finding in general population.
Terho et al. [24] reported that the frequency of fQRS was
19.7% among 10,904 middle-age subjects. However, the fre-
quency of fQRS seems to be significantly higher in hyperten-
sive patients compared to general population and approxi-
mately one third of hypertensive patients have fQRS on
ECG [4e°]. Recent studies demonstrated that it is a sign of
an inhomogeneous ventricular activation, and as a ventricular
conduction abnormality due to myocardial fibrosis and/or scar
tissue, it is associated with MACE in various cardiovascular
diseases, in particular, in patients with coronary artery disease
(CAD) [25, 26]. Although single lead fQRS has been studied
in patients with CAD in small studies [27], its prognostic and
clinical importance is not well described in cardiovascular
diseases. Another topic may be the localization of fQRS on
ECG. Although presence of fQRS on anterior leads compared
to fQRS in inferior leads seems to be associated with more
severe CAD [24, 28], the importance of localization of fQRS

on ECG has not been yet studied in patients with hyperten-
sion. Moreover, presence of fQRS on ECG also seems to be
associated with myocardial fibrosis in hypertensive patients
indicating hypertensive heart disease [5]. Bekar et al. [5]
found that, as a marker of fibrosis, serum carboxy-terminal
propeptide of type 1 procollagen (PICP) level was a strong
and independent predictor of presence of fQRS on ECG in
hypertensive patients.

Fragmented QRS and Left Ventricular Hypertrophy

Chronic and continuos pressure overload leads to pathological
fibrosis, thickening, and LVH in the hearts of hypertensive
patients due to excessive accumulation of collagen fibers
and connective tissue matrix within the myocardium [20,
29]. Kadi et al. [6°] demonstrated that LVM and left ventric-
ular mass index (LVMI) of the hypertensive patients who had
fQRS on their ECGs was significantly higher than the LVM
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Fig. 2 An example of fragmented QRS in anterior leads

and LVMI of those who did not have. Despite the small num-
ber of the study population, this study was a prospective study
and included only hypertensive patients with normal coronary
arteries. Hence, it seems reasonable to interpret the fQRS as a
reflection of higher myocardial fibrotic burden on ECG in
hypertensive patients with LVH. Another study by Zhang
et al. [7] demonstrated that fQRS was an independent predic-
tor of LVH and may be useful to assess the severity of LVH in
hypertensive patients with normal coronary angiogram.
However, this was a retrospective analysis and diagnostic val-
ue of fQRS was limited.

LVH is the most important finding of hypertensive heart
disease and reflects to changes in the composition of cardiac
tissue and structural remodeling of the myocardium mostly
driven by collagen accumulation [20]. Current data suggest
that fQRS may be a sign of fibrosis and myocardial damage
due to LVH in hypertensive patients. It seems reasonable to
conclude that fQRS is an ECG sign of increased LVM, LVMI,
and LVH in hypertensive hearts.

Blood Pressure and Fragmented QRS in the Absence
of Left Ventricular Hypertrophy

Although LVH is one of the most important prognostic end-
organ damage and is the cornerstone of the cardiovascular risk
assessment in patients with hypertension, development of
LVH is a long process and the vast majority of hypertensive
patients will not have a diagnosis of LVH during their clinical
evaluation [16, 22]. Therefore, further ECG interpretation and
definition of novel ECG findings for hypertensive patients
may be useful for clinical evaluation of hypertensive patients.
Eyuboglu et al. [4¢¢] studied the usefulness of fQRS in hyper-
tensive patients without LVH. In their analysis, the authors
found that the frequency of fQRS was significantly higher in
hypertensive patients compared to normotensives even in the
absence of LVH. Furthermore, they reported that increased
SBP was independently associated with presence of fQRS
on ECG in these patients. The findings of the study by
Eyuboglu et al. [4+¢] may indicate that fQRS may be a sign
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Fig. 3 An example of fragmented QRS in inferior leads
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of chronic and continuous pressure overload, in particular, due
to increased SBP that leads to pathological fibrosis in hyper-
tensive hearts even in the absence of LVH. Hence, it may be
reasonable to evaluate fQRS as a sign of higher myocardial
fibrotic burden in hypertensive patients without LVH.

Fragmented QRS and Deteriorated Circadian Blood
Pressure Variability

ABPM provides a better cardiovascular risk prediction than
office blood pressure measurements and is a better predictor of
hypertension-related target organ damage compared to office
measurements [18, 30]. The natural circadian blood pressure
variability includes a morning surge with higher levels during
daytime and subsequently reduction during the rest of the day
with a 10-20% decline during nighttime, and this phenome-
non is known as “dipping” [19]. However, non-dipping which
is defined as less than 10% decline in blood pressure levels in
sleep is associated with worse adverse outcomes compared to
daytime blood pressure levels [31]. Non-dipping is also asso-
ciated with autonomic nervous system dysfunction, increased
sympathetic activity, and metabolic abnormalities that may
accelerate the hypertension-induced target organ damage in-
dependent of average 24-h blood pressure levels [30-32].
Also, recent studies demonstrated that non-dipping pattern
may induce interstitial myocardial fibrosis independent of
24-h mean blood pressure levels [33]. Tanriverdi et al. [8]
aimed to investigate the relationship between fQRS and non-
dipper status in hypertensive patients without LVH. The au-
thors reported that patients with non-dipping blood pressure
pattern had significantly higher frequency of fQRS on ECG
compared to dippers. Also, they found that fQRS was an in-
dependent predictor of non-dipping in hypertensive patients in
the absence of LVH. Interestingly, the authors also reported
that higher number of leads with fQRS was significantly as-
sociated with higher nighttime blood pressure levels; howev-
er, importance of number of leads with fQRS is not well de-
scribed in hypertensive patients. A larger study conducted by
Eyuboglu et al. [9+] also aimed to investigate the effect of
deteriorated circadian blood pressure variability on presence
of fQRS on ECG. In their study, the authors reported that the
frequency of fQRS was significantly higher in reverse dippers,
which is defined as higher nocturnal average blood pressure
levels than daytime blood pressure levels, compared to dip-
pers in hypertensive patients without LVH. Also, daytime
DBP and nighttime SBP were found to be independent pre-
dictors of presence of fQRS on ECG. Both studies excluded
the patients with LVH and the diagnosis of hypertension was
made by ABPM. Hence, it may be reasonable to claim a rela-
tionship between deteriorated circadian blood pressure vari-
ability and increased myocardial fibrosis that may seen on
ECG as QRS fragmentation.

Fragmented QRS and Arrhythmic Events
in Hypertensive Patients

fQRS predicts arrhythmic events in various cardiovascular
diseases including CAD, heart failure, cardiomyopathies,
and inherited arrhythmogenic syndromes such as Brugada
syndrome [34-37]. However, its predictive value for ar-
rhythmias in hypertensive patients is not well described.
Although the incidence of complex arrhythmias is not
frequent in patients with hypertension, hypertensive heart
disease may manifest atrial and ventricular arrhythmias,
most commonly being atrial fibrillation particularly due
to LVH and myocardial fibrosis [38]. Bekar et al. [10e°]
investigated the association between the presence of fQRS
on ECG and ventricular arrhythmias in patients with es-
sential hypertension and without other structural heart dis-
eases. The authors reported that ventricular arrhythmias
defined as ventricular ectopic beats, couplets, triplets,
and ventricular tachycardia were significantly higher in
patients with fQRS compared to those without fQRS.
Furthermore, they found that presence of fQRS on ECG
was independently associated with the complex ventricu-
lar arrhythmias in hypertensive patients. These findings
point out the utility of fQRS in hypertensive patients in
terms of risk stratification for ventricular arrhythmias
even in the absence of structural heart disease such as
coronary artery disease, cardiomyopathy, and heart fail-
ure. The relationship of fQRS with atrial arrhythmias
was not studied in detail in isolated hypertensive patients.
Nevertheless, given the impaired cardiac structure and in-
creased myocardial fibrosis in hypertensive patients, the
relationship of fQRS with atrial arrhythmias is worth fur-
ther investigation.

Relationship of Fragmented QRS with Impaired
Cardiac Structure and Inflammation in Hypertensive
Patients

Chronic and continuous pressure overload is an important
risk factor for myocardial damage and systolic and dia-
stolic dysfunction [16]. It is reasonable to predict more
severe damage in cardiac structure in hypertensive pa-
tients with fQRS due to higher myocardial fibrotic burden
in these patients. Zhang et al. [7] reported that hyperten-
sive patients with fQRS had higher levels of interventric-
ular septal thickness, left ventricular end diastolic and end
systolic dimensions, left atrium diameter, and LVM com-
pared to those without fQRS. Also, the authors reported
that hypertensive patients with fQRS had lower levels of
left ventricular ejection fraction compared to patients
without fQRS. The findings of the study by Zhang et al.
[7] suggest that hypertensive patients with fQRS have
worse systolic and diastolic cardiac function than patients
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without fQRS. Kad1 et al. [11] studied the association of
fQRS on ECG with left ventricular diastolic functions in
hypertensive patients. The authors found that presence of
fQRS was associated with more severe diastolic dysfunc-
tion detected by two-dimension and Doppler echocardiog-
raphy compared to those without fQRS. Also, Korkmaz
et al. [12] studied the association of fQRS with arterial
stiffness in asymptomatic hypertensive patients. The au-
thors reported that the presence of fQRS was associated
significantly and independently with increased arterial
stiffness in asymptomatic hypertensive patients. Hence,
current data suggest that presence of fQRS on ECG in
hypertensive patients is associated with impaired cardiac
structure, deterioration of the left ventricular geometry,
and worse systolic and diastolic functions.

A recent study by Mahfouz et al. [13] studied the as-
sociation between fragmented QRS and symptoms in hy-
pertensive patients. The authors reported that fQRS was
an independent predictor of reduced exercise tolerance
defined by 6-min walk test in hypertensive patients. The
diagnosis of hypertension was made based on office mea-
surements in this study; however, it was the first to report
the relationship between fQRS and functional status in
hypertensive patients in the absence of other structural
heart diseases. Additionally, Bekar et al. [14] recently re-
ported that increased epicardial adipose tissue (EAT)
thickness was found to be associated with the presence
of fQRS in hypertensive patients. In this study, EAT was
found to be an independent predictor of fQRS that may
favor the causative role of EAT in cardiovascular patho-
physiology and myocardial fibrosis.

Moreover, a recent study by Bekar et al. [15¢] aimed to
investigate the association of fQRS with inflammation in hy-
pertensive patients. The authors studied an inflammatory
marker intercellular adhesion molecule-1 ICAM-1) in 90 hy-
pertensive patients and found a significant association be-
tween serum ICAM-1 levels and the presence of fQRS in
hypertensive patients. More than half of the patients with
fQRS had LVH in this study suggesting the causative role of
both fibrosis and inflammation in the pathogenesis of LVH
and hypertensive heart disease.

Fragmented QRS and Prehypertension

Although the relationship between fQRS and prehypertension
is not the subject of this review, a recent published article
points out important findings that are worthy to be discussed.
Prehypertension consists a group of high-risk patients for fu-
ture adverse events, indicates future hypertension, and is gen-
erally defined as office SBP of 120-139 mmHg and/or office
DBP of 80-89 mmHg [16]. Eyuboglu and Akdeniz [39] in-
vestigated the usefulness of fQRS in prehypertensive patients.
This was an ABPM study, and although definition of

@ Springer

prehypertension based on ABPM recordings is not well de-
scribed, the authors assigned the patients with non-hypertensive
elevated blood pressure levels as prehypertensives. As a result,
the authors reported that there was no difference regarding in-
cidence of fQRS in dipper prehypertensives compared to nor-
motensives; however, non-dipper prehypertensives had signifi-
cantly higher frequency of fQRS on ECG compared to normo-
tensives. Furthermore, they found that presence of fQRS on
ECG was an independent predictor of non-dipping blood pres-
sure pattern in prehypertensive patients. Hence, fQRS may also
be associated with higher myocardial fibrotic burden in non-
dipper prehypertensives and may be useful to identify high-risk
prehypertensive patients. However, further studies are neces-
sary to determine the importance of fQRS in prehypertensive
patients.

Conclusion

Fibrosis within myocardium is one of the leading causes of
MACE in patients with elevated blood pressure. Presence of
fQRS seems to be associated with LVH in hypertensive pa-
tients. Although LVH is the cornerstone in the risk stratifica-
tion of hypertensive patients for MACE, only a small propor-
tion of hypertensive patients have the diagnosis of LVH.
However, approximately one third of hypertensive patients
have fQRS on ECG. Recent data suggest that fQRS may be
associated with myocardial fibrosis in hypertensive patients
even in the absence of LVH, in particular, in patients with
elevated SBP and deteriorated circadian blood pressure
variability. It also seems to be associated with impaired
cardiac structure, deterioration of the left ventricular ge-
ometry, and worse systolic and diastolic functions in hy-
pertensive patients even in the absence of other structural
cardiac diseases. Therefore, as a simple and easy detect-
able ECG finding, fQRS may also be useful to define
high-risk hypertensive patients even in the absence of
LVH. The main limitation is the lack of the prospective
randomized trials. The majority of articles investigating
fQRS in hypertensives are cross-sectional studies with
relatively small number of patients. Hence, further larger
scale studies are necessary to identify the prognostic value
of fQRS in hypertensive patients.
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