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ORIGINAL ARTICLE

Fragmented QRS complexes are a marker of myocardial fibrosis in
hypertensive heart disease
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ABSTRACT

Objective: Carboxy-terminal propeptide of type 1 procollagen
(PICP) is a marker of extracellular collagen synthesis. Frag-
mented QRS (fQRS) on a 12-lead electrocardiogram (ECG)
has been demonstrated as a marker of myocardial fibrosis.
The present objective was to investigate the association be-
tween serum PICP concentration and presence of fQRS on
ECG in hypertensive patients.

Methods: Consecutive patients with previously or newly di-
agnosed hypertension were included. fQRS was defined as
the presence of additional R-wave (R’), or notching of R- or S-
waves, or the presence of fragmentation in 2 contiguous ECG
leads. Serum PICP levels were measured by ELISA method.
Results: The study group consisted of 90 hypertensive pa-
tients (74% females, with a mean age of 54.7+8.5 years). Of
these patients, 47 (52.2%) had fQRS on ECG. Age (p=0.121)
and gender distribution (p=0.625) were similar in patients
with or without fQRS. Receiver operating characteristic curve
analysis yielded a strong predictive ability of PICP levels for
the presence of fQRS (area under the curve: 0.850; 95%
Cl: 0.772-0.929; p<0.0001). In multivariate logistic regres-
sion analysis, PICP levels were strongly and independently
associated with the presence of fQRS (OR: 1.938; 95% ClI:
1.398-2.688).

Conclusion: Serum PICP level is a strong and independent
predictor of fQRS. Discriminative performance of serum PICP
levels for the presence of fQRS is high. The present results
are the first to demonstrate that fQRS may indicate myocar-
dial fibrosis in patients with hypertension.

OZET

Amac: Karboksi terminal propeptid tip 1 prokollajen (PICP)
hucre disi kollajen sentezinin bir gostergesidir. On iki kanal-
Il elektrokardiyografide (EKG) tespit edilen parcali QRS’in
(fQRS) miyokart fibrozunun bir belirteci oldugu gosterilmigtir.
Bu ¢alismada, hipertansiyonlu hastalarda serum PICP duzey-
leri ile EKG’de saptanan fQRS arasindaki iligkiyi arastirmayi
amacladik.

Yéntemler: Yeni veya eski tanili ardisik hipertansiyonlu has-
talar dahil edildi. Pargalanmis QRS birbirini takip eden iki EKG
derivasyonunda ilave R dalgasi (R’) veya R veya S dalga-
sinda c¢entiklenme veya bbdlunme varligi olarak alindi. Serum
PICP duzeyleri ELISA ybntemiyle dlculdu.

Bulgular: Galismaya 90 hipertansiyonlu hasta alindi (%74
kadin, ortalama yas 54.7+8.5 yil). Bunlardan 47’sinde
(%52.2) EKG’de fQRS saptandi. Yas (p=0.121) ve cinsiyet
dagihmi bakimindan (p=0.625) fQRS’si olan ve olmayan
gruplar birbirine benzerdi. Alici iglemci karakteristik egrisi
analizi ile PICP duzeylerinin fQRS varhgi icin guglu bir dn-
gorduruct yetenege sahip oldugu goruldu (egri altinda kalan
alan=0.850, %95 GA 0.772—-0.929, p<0.0001). Cok degisken-
li lojistik regresyon analizinde PICP duzeyleri fQRS icin guclu
ve bagimsiz bir dngorduruci idi (OO [odds orani] 1.938, %95
GA 1.398-2.688).

Sonuc: Serum PICP duzeyleri fQRS’nin guglu ve bagimsiz
bir belirtecidir. PICP duzeylerinin fQRS igin ayirt edici per-
formansi yuksektir. Biz bu ¢alismada fQRS’nin hipertansif
hastalarda miyokart fibrozunu yansitabilecegini gosteren ilk
kanitlar sunduk.
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ypertension is one of the most common diseases,

globally, and is responsible for increased cardio-
vascular morbidity and mortality.!"! In hypertensive
patients, left ventricular hypertrophy (LVH) is asso-
ciated with increased risk of cardiovascular events.
Myocyte hypertrophy and exaggerated accumulation
of collagen occur in interstitial tissue, and lead to non-
ischemic myocardial fibrosis.”’ Research conducted
in endomyocardial biopsy (EMB) and postmortem
samples has demonstrated that the extent of myocar-
dial collagen is increased in hypertensive patients,
compared to normotensive individuals.!"? Therefore,
association between myocardial fibrosis and cardio-
vascular morbidity and mortality has been suggested.
EMB is still the diagnostic gold standard for myocar-
dial fibrosis, but is not routinely used, due to its inva-
sive nature.!

Carboxy-terminal propeptide of type 1 procollagen
(PICP) is a marker of extracellular collagen synthesis.
It has been reported that circulating PICP levels are
higher in hypertensive patients than normotensive
individuals, and that there is a significant correlation
between serum PICP level and the amount of collagen
content detected in EMB specimens."¥

Fragmented QRS (fQRS) on a 12-lead electro-
cardiogram (ECG) represents impaired ventricular
conduction, and has been shown to be a marker of
myocardial fibrosis or scar tissue in various clinical
conditions.*® Accordingly, prevalence of fQRS is
relatively low among the healthy general population'”!
and relatively high in patients with myocardial fibro-
sis or scarring.”*! The present study is the first to
investigate the association of serum PICP concentra-
tion and presence of fQRS on ECG in hypertensive
patients.

METHODS

Patients

Adult hypertensive patients who consecutively pre-
sented to the outpatient cardiology clinic were includ-
ed. The following exclusion criteria were applied: (i)
history of coronary artery disease, cardiomyopathy,
rheumatic heart disease, diabetes mellitus, or systemic
or metabolic disease. (ii) echocardiographic findings
of reduced left ventricular ejection fraction (<55%),
moderate to severe valve disease, wall motion ab-
normality, or ventricular dilatation, (iii) presence of

liver or bone disease  pppreviations:
(which may effect
serum PICP levels), Bmi
(IV) use of dI'llgS with CI Confidence interval
. . ECG Electrocardiogram
antl-ﬁbrotlc proper— EMB Endomyocardial biopsy
ties, including angio-  fORS  Fragmented QRS
tensin—converting— VST Septal wall thickness
inhibi LVEDD  Left ventricular end-diastolic
enzyme  inhibitors, diameter
angilotensin-receptor LvH
blockers, and aldoste- VM
. LVMI Left ventricular mass index
rone antagonists, (V)  or  ouds ratio
presence of bundle ricp
branch block, atrial
fibrillation, or paced
rhythm. All included
patients were in sinus rhythm.

Blood pressure

Body mass index

Left ventricular hypertrophy

Left ventricular mass

Carboxy-terminal propeptide of
type I procollagen

PWT Posterior wall thickness
R-wave R’

Body mass index (BMI) was calculated as weight
in kilograms divided by square of height in meters.
Obesity was defined as a BMI of 30 kg/m? or higher.
Estimated glomerular filtration rate (eGFR) was cal-
culated using the Modification of Diet in Renal Dis-
ease equation:

eGFR (mL/min/1.73 m?) = 186 x creatinine-1.154
* age-0.203 * 0.742 (if female) * 1.212 (if the patient
was black)

Diagnosis of hypertension

Blood pressure (BP) measurements taken at home
and the hospital, or data obtained from ambulatory
BP monitoring, were used to diagnose hypertension.

Blood pressure measured in the hospital

After 210 min of rest, systolic BP and diastolic BP
were obtained from the right arms of patients seated
and supported at the level of the heart, using a sphyg-
momanometer (Erka Kallmeyer Medizintechnik
GmbH & Co. KG, Bad T6lz, Germany). Patients with
BP =140/90 mmHg were considered hypertensive.
Caffeine intake and tobacco use were restricted for 30
minutes prior to obtaining BP. At least 2 BP readings
were recorded during the study period.

Blood pressure measured at home

Patients with BP =135/85 mmHg over 3 consecutive
days were considered hypertensive.

Ambulatory blood pressure monitoring

Ambulatory BP was also evaluated. Patients with av-
erage 24-hour BP of =130/80 mmHg, average day-
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time BP of =135/85 mmHg, and average nighttime BP
of =120/70 mmHg were considered hypertensive.

Echocardiographic examination

Transthoracic echocardiographic examinations were
performed with the subject in the left side supine
position, using a Vivid 3 ultrasound machine with a
3.2-MHz transducer (GE Vingmed Ultrasound AS,
Horten, Norway). Conventional M-mode and B-mode
parameters were measured in accordance with the
American Society of Echocardiography guidelines.
11 Left ventricular end-diastolic (LVEDD) and end-
systolic diameters, and posterior (PWT) and septal
(IVST) wall thicknesses were measured. Left ventric-
ular mass (LVM) was calculated using the Devereux
equation: LVM = 0.8(1.04[LVEDD + IVST +PWT]
3 — LVEDD 3) + 0.6.1'? Left ventricular mass index
(LVMI) was calculated by dividing LVM by body sur-
face area. LVH was defined as LVMI >115 g/m? for
men and 95 g/m? for women."!

Assessment of fQRS

Resting 12-lead ECG recordings (filter range: 0.15—
100 Hz; AC filter: 60 Hz; 25 mm/s; 10 mm/mV) were
assessed by 2 independent cardiologists blinded to
clinical findings of patients. fQRS (Figure 1) was de-
fined as presence of additional R’, or notching of R’ or
S-wave, or the presence of fragmentation (more than
1 R’) in 2 contiguous ECG leads.!'Y

Assessment of PICP levels

Fasting blood samples collected for routine analy-
ses were portioned and stored at -40°C. Serum PICP
levels were measured by enzyme-linked immuno-
sorbent assay method using commercially available
kits (Cusabio Biotech Co., Ltd., College Park, MD,
USA). Lower detection limit of kits was 0.32 ng/mL.
Approval was obtained from the institutional ethics
committee (project no: 13-KAEK-058).

Statistical analysis

Continuous variables were expressed as mean+SD,

Motched 5

HEAERsaaracES

Figure 1. Fragmented QRS patterns.

Notched R Fragmented QRS

or median and minimum—maximum, where appro-
priate. Categorical variables were presented as num-
bers and percentages. Distributions of continuous
variables across the study groups were tested with
Kolmogorov—Smirnov test. Continuous data were
analyzed with Student’s t-test or Mann-Whitney U
test, and categorical data were compared using chi-
square or Fisher’s exact tests. Receiver operating
characteristic curve analysis was conducted to assess
the discriminative performance of PICP levels for the
presence fQRS on ECG. Areas under the curve with
corresponding 95% confidence intervals (Cls) were
presented. Sensitivity, specificity, positive predictive
value, negative predictive value, and test accuracy
were calculated. Multivariate logistic regression anal-
yses (backward stepwise) were conducted to assess
the association between PICP level and presence of
fQRS. In multivariate regression models, effect size
was adjusted for variables with significance levels of
<0.25 in univariate analysis. To avoid multicollineari-
ty, the most significant clinical variables were entered
in regression models. Adjusted odds ratios (ORs), and
95% Cls were presented. A 2-tailed p value of <0.05
was considered statistically significant. All statistical
analyses were performed using SPSS software (ver-
sion 21.0; SPSS Inc., Chicago, IL, USA).

RESULTS

The study group included 90 hypertensive patients
(74% females, with a mean age of 54.7+8.5 years).
Of these patients, 47 (52.2%) had fQRS on ECG.
Baseline characteristics of patients with or without
fQRS are presented in Table 1. Age (p=0.121) and
gender distribution (p=0.625) were similar in pa-
tients with or without fQRS. Height (p=0.017), BMI
(p=0.009), prevalence of obesity (p=0.045), total
cholesterol level (p=0.032), IVST (p=0.005), PWT
(p=0.010), LAD (p=0.009), LVM (p=0.002), LVMI
(p=0.002), prevalence of LVH (p=0.002), and PICP
levels (median: 8.13; min—max: 4.6—-19.4 vs medi-
an: 4.96; min—max: 1.8-10.0 g/L; p<0.0001) were
significantly higher in patients with fQRS than in pa-
tients without. Distributions of PICP levels among
the groups are presented in Figure 2. Patients with
or without fQRS were similar, with respect to other
baseline characteristics, as shown in Table 1. Receiv-
er operating characteristic curve analysis (Figure 3)
yielded a strong predictive ability of PICP levels for
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Table 1. Baseline characteristics of the study groups
Fragmented QRS (+) Fragmented QRS (-) p
(n=47) (n=43)
Age (year) 53.3+9.31 56.1+7.42 0.121
Female, n (%) 36 (76.6) 31 (72.1) 0.625
Weight (kg) 79.5+13.19 76.0+12.63 0.201
Height (cm) 159.7+9.06 163.9+6.91 0.017
Body surface area (m?) 1.87+0.18 1.85+0.17 0.614
Body mass index (g/m?) 31.2+5.16 28.4+4.98 0.009
Hyperlipidemia (%) 5(10.6) 11 (25.6) 0.064
Smoker, n (%) 6 (12.8) 6 (14.0) 0.869
Obesity, n (%) 24 (51.1) 13 (30.2) 0.045
Drugs, n (%)
Acetylsalicylic acid 12 (25.5) 8 (18.6) 0.430
Diuretic 5(10.6) 9 (20.9) 0.178
Calcium channel blocker 16 (34.0) 13 (30.2) 0.699
Beta blocker 14 (29.8) 11 (25.6) 0.656
Other 0 (0) 2 (4.7) 0.225
Systolic blood pressure (mmHg) 148.9+20.45 144.3+15.69 0.239
Diastolic blood pressure (mmHg) 85.7+11.38 84.7+12.03 0.679
Mean blood pressure (mmHg) 106.8+13.35 104.6+11.91 0.410
Pulse pressure (mmHg) 60.0 (30-100) 60.0 (34-90) 0.160
Glucose (mg/dL) 96.4+11.53 95.7+10.29 0.782
Creatinine (mg/dL) 0.88+0.23 0.80+0.17 0.088
Hemoglobin (g/dL) 13.7+1.10 13.7+1.22 0.855
Total cholesterol (mg/dL) 192.2+32.71 210.6+44.68 0.032
Triglyceride (mg/dL) 163.9+81.38 169.8+100.27 0.770
Low-density lipoprotein (mg/dL) 129.8+32.29 142.3+37.95 0.100
High-density lipoprotein (mg/dL) 41.0 (27-68) 43.0 (25-74) 0.382
Estimated glomerular filtration rate (mL/min/1.73 m?) 80.4 (40-144) 86.3 (59-174) 0.134
Left ventricular end-diastolic diameter (mm) 45.77+4.78 44.6+4.37 0.236
Left ventricular end-systolic diameter (mm) 29.1+4.39 29.4+4.35 0.763
Interventricular septal thickness (mm) 12.4+2.03 11.2+1.95 0.005
Posterior wall thickness (mm) 11.8+1.79 10.7+1.93 0.010
Left ventricular ejection fraction (%) 65.3+5.63 66.6+4.86 0.260
Fractional shortening (%) 35.5 (29-46) 35.9 (29-43) 0.417
Left atrial diameter (cm) 36.0+5.39 33.2+4.44 0.009
Left ventricular mass (g) 208.7+52.15 175.0+46.59 0.002
Left ventricular mass index (g/m?) 117.1 (64—169) 92.2 (50-184) 0.002
Relative wall thickness 0.52+0.11 0.49+0.11 0.122
Left ventricular hypertrophy, n (%) 34 (72.3) 17 (39.5) 0.002
Procollagen type | C-terminal propeptide (g/L) 8.13 (4.6-19.4) 4.96 (1.8-10) <0.0001

Continuous variables are presented as meanzstandard deviation or median and minimum-maximum, where appropriate. Categorical variables are presented

as number and percentages.
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the presence of fQRS (area under the curve: 0.850;
95% CI: 0.772-0.929; p<0.0001). With a cutoff val-
ue of 6.17 g/L, PICP levels had sensitivity, speci-
ficity, positive predictive value, negative predic-
tive value, and accuracy of 80.4%, 73.2%, 77.1%,
76.9%, and 77.0%, respectively, for the presence of
fQRS. In multivariate logistic regression analysis,
PICP level, entered either as a continuous variable
(OR: 1.938; 95% CI: 1.398-2.688) or as a dichoto-
mous variable (PICP =6.17 g/L; OR: 11.782; 95%
CI: 3.848-36.076), was strongly and independently
associated with the presence of fQRS (Table 2). The
association was still evident, even after adjustment
for LVMI.

Figure 3. Receiver operating characteristic curve analysis
showing discriminative performance of PICP levels for the
presence of fragmented QRS on ECG. PICP: Procollagen
type | C-terminal propeptide.

DISCUSSION

It is well-known that LVH is a more important risk
factor for hypertensive patients than age, serum cho-
lesterol level, BP level, or presence of coronary artery
disease. LVH is associated with increased cardiovas-
cular morbidity and mortality,!'! and is a strong, inde-
pendent risk factor for cardiac failure, coronary artery

Table 2. Multivariate analysis for the presence of fragmented QRS on ECG

O Wald p Odds Ratio 95% CI
Lower Upper
Model 1
Body mass index 0.119 3.994 0.046 1.126 1.002 1.266
PICP levels 0.662 15.752 <0.0001 1.938 1.398 2.688

Method: Backward Stepwise (Wald). Variable(s) entered on step 1: Age, body mass index, diuretic use, pulse pressure, total cholesterol levels, estimated
glomerular filtration rate, left atrial diameter, left ventricular mass index and PICP levels. PICP: Indicates procollagen type | C-terminal propeptide; O: Regres-
sion coefficient; Cl: Confidence interval.

Model 2
Body mass index 0.149 6.481 0.011
PICP =6.17 g/L 2.467 18.664 <0.0001

1.302
36.076

1.161
11.782

1.035
3.848

Method: Backward Stepwise (Wald). Variable(s) entered on step 1: Age, body mass index, diuretic use, pulse pressure, total cholesterol levels, estimated
glomerular filtration rate, left atrial diameter, left ventricular mass index and PICP levelas a dichotomous variable. PICP: Indicates procollagen type |
C-terminal propeptide; O: Regression coefficient; Cl: Confidence interval.



Fragmented QRS complexes are a marker of myocardial fibrosis in hypertensive heart disease 559

disease, arrhythmia, and stroke."® Myocyte hypertro-
phy and excessive accumulation of collagen occur in
LVH, leading to disproportionate increase of fibrous
tissue in the myocardium.” LVH may also occur in
athletic heart syndrome without myocardial fibrosis,
due to proportional increase of LVM.!'¢

Myocardial fibrosis is a crucial factor for LVH in
hypertensive patients, and is associated with adverse
cardiac events. Therefore, detection of collagen accu-
mulation can aid in the prediction of clinical course
and treatment planning.''”” EMB is still the diagnostic
gold standard for the diagnosis of myocardial fibrosis,
but is not routinely used due to its invasive nature.
Myocardial fibrosis can be detected by cardiac mag-
netic resonance imaging and scintigraphic methods,
in addition to histopathological evaluation.!"! Serum
PICP is a biochemical marker of extracellular colla-
gen type 1 synthesis, and has higher sensitivity and
specificity in the determination of myocardial fibro-
sis. A significant correlation has been shown between
serum PICP levels and the amount of collagen detect-
ed in histopathological examination of tissue biop-
sies.>!1 fQRS is easily detected on a routine 12-lead
ECG, and indicates altered ventricular conduction,
which is related to myocardial fibrosis."*?" A strong
association between fQRS detected on ECG and myo-
cardial fibrosis, as assessed by gadolinium-enhanced
cardiac magnetic resonance imaging, has been dem-
onstrated in several studies.”’# However, the poten-
tial association of fQRS with myocardial fibrosis in
hypertensive patients had yet to be investigated. In the
present study, hypertensive patients with fQRS had
significantly higher left ventricular wall thickness,
LVM, LVMI, prevalence of LVH, and serum PICP
levels, compared to hypertensive patients without
fQRS. Moreover, there was a strong and independent
association between serum PICP levels and presence
of fQRS on ECG. The present results suggested that
fQRS on ECG indicated underlying myocardial fibro-
sis in patients with hypertension.

Myocardial fibrosis may prolong myocardial con-
duction time, which may disrupt QRS morphology and
lead to development of fQRS. Hypertensive patients
have abnormal left ventricular geometry and higher
incidence of LVH."?!*? It has also been suggested that
hypertensive patients with fQRS have higher inci-
dence of complex ventricular arrhythmias. This may
be the result of ectopic impulses and re-entry circuits,

caused by myocardial fibrosis." Similarly, the pres-
ence of fQRS has been linked to higher risk of atrial
arrhythmia.l*2%

Procollagens are produced by fibroblasts and se-
creted to the extracellular space. Carboxy terminal
propeptide terminals of procollagens are removed
by specific endopeptidases during collagen synthe-
sis, released into the blood, and cleared by the liver.
2 Serum PICP is a marker of myocardial fibrosis, and
has better correlation with myocardial collagen con-
tent.”?! It was presently found that serum PICP levels
were increased in hypertensive patients with fQRS.
This increase may be related to increased synthesis
of myocardial collagen and myocardial fibrosis, lead-
ing to prolonged ventricular conduction time in hy-
pertensive patients with fQRS. Myocardial fibrosis is
a well-known predisposing factor for left ventricular
dysfunction, arrhythmia, and sudden cardiac death,
and is related to increased cardiovascular risk.?!
Early diagnosis of myocardial fibrosis can be effec-
tive for both risk classification and selection of drugs
used in the treatment of cardiovascular disease.

Limitations

Several limitations may have affected the present re-
sults, primarily small sample size. Myocardial fibrosis
was not investigated with advanced imaging modali-
ties or histopathological examination. Although pa-
tients on angiotensin-converting-enzyme inhibitors,
angiotensin-receptor blockers, or aldosterone an-
tagonists were excluded, the possible effects of other
antihypertensive medications on myocardial fibrosis
could not entirely be accounted for.

Conclusions

Serum PICP level is a strong and independent predic-
tor of fQRS; discriminative performance of serum
PICP level for the presence of fQRS on ECG was
high. The first evidence that fQRS may indicate myo-
cardial fibrosis in hypertensive patients was provided
in the present study. Our data suggests that f{QRS may
be a useful tool in the assessment of myocardial fibro-
sis in patients with hypertension. fQRS is a simple, in-
expensive, and widely available tool, which may have
additional benefits in the risk assessment of patients
with hypertension.

Conflict-of-interest issues regarding the authorship or
article: None declared
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