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Ozgiin Aragtirma

RELATION BETWEEN FRAGMENTED QRS COMPLEX AND ARTERIAL
COMPLIANCE IN ASYMPTOMATIC HYPERTENSIVE PATIENTS

Asemptomatik Hipertansif Hastalarda Parcalanmig QRS Kompleksi ile Arteryel Komplians
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ABSTRACT

Objective: Decreased arterial compliance is among the
earliest detectable findings of adverse structural and
functional changes in the vessel wall and it results in
stiffened arteries. The goal of this study was to explore the
relationship between fragmented QRS in electocardiogram
and arterial compliance.

Material and Methods: Eighty asymptomatic hypertensive
patients with fragmented QRS (40 male, mean age:
58+8/years) and 80 age-gender matched control subjects
without fragmented QRS (39 male, mean age: 57+9/years)
were enrolled. Arterial compliance was calculated as stroke
volume to pulse pressure ratio and adjusted to body surface
area to calculate the stroke volume to pulse pressure index.
The fragmented QRS complexes were investigated in the
12-lead electrocardiogram.

Results: Patients wih fragmented QRS had significantly
lower arterial compliance (0.71+0.29 mL/m?*mmHg versus
0.93+0.32 mL/m?mmHg; p<0.001). A univariate analysis
showed a significant correlation between decreased arterial
compliance and fragmented QRS, age, and calcium channel
blocker use. Multivariable analysis demonstrated age
(95%Cl): 0697-0.830; p<0.001) and fragmented QRS
(95%CI):  0.06-0.536; p=0.002) as

determinants of reduced arterial compliance.

independent

Conclusion: The avaliability of fragmented QRS in
electrocardiogram may have significant predictive

information of arterial compliance in hypertensive subjects.

Keywords:  Arterial cmpliance, fragmented QRS,
hypertension

(074

Amac: Azalmis arteryel komplians, damar duvarindaki

olumsuz yapisal ve fonksiyonel degisikliklerin en erken tespit
edilebilen bulgusudur ve ilerleyen zamanda damar sertligi ile
sonuglanir. Bu caligmanin amaci, elektrokardiyogramdaki
parcalanmig QRS ile arteryel uyum arasindaki iligkiyi
arastirmaktir.

Gere¢ ve Yontemler: Parcalanmis QRS’li 80 asemptomatik
hipertansif hasta (40 erkek, ortalama yas: 58+8/yil) ve
parcalanmis QRS’siz 80 yas-cinsiyet eslestirilmis kontrol
denegi (39 erkek, ortalama yas: 57+9/y1l) calismaya
kaydedildi. Arteryel komplians, vurus hacmi/nabiz basimci
orani olarak hesaplandi ve vurus hacmi/nabiz basinci indeksini
hesaplamak i¢in viicut ylizey alanma gore ayarlandi.
Parcalanmig QRS kompleksleri 12 kanalli
elektrokardiyogramda incelendi.

Bulgular: Par¢alanmig QRS’li hastalar anlamli olarak daha
diisiik arteryel (0.71+0.29
mL/m?/mmHg’ye karst 0.93+032 mL/m%mmHg; p<0.001).

kompliansa sahipti

Tek degiskenli analiz, azalmis arteryel komplians ile
parcalanmis QRS, yas ve kalsiyum kanal bloker kullanimi
arasinda anlamli bir korelasyon gosterdi. Coklu ikili lojistik
regresyon analizi, azalmis arteryel kompliansin bagimsiz
belirleyicileri olarak yas1 (%95CI): 0697-0.830; p <0.001) ve
pargalanmis  QRS’i  (%95CI):  0.06-0.536; p=0.002)
gostermistir.

Sonug: Pargalanmigs QRS’in elektrokardiyogramda bulunmasi,
hipertansif hastalarda arteryel komplians ile ilgili 6nemli
prediktif bilgi saglayabilir.

Anahtar Kelimeler: Arteryel komplians, par¢alanmis QRS,
hipertansiyon
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INTRODUCTION

Hypertension (HT) is a crucial health care problem
worldwide. As well as HT associated with morbidity
and mortality, elevated blood pressure (BP) also takes a
leading role in cardiovascular diseases (CVD) (1).
Hypertension changes the properties, structure, and
function of arterial blood wvessels, a process that
evolves long before the advent of overt CVD. A
sustained increase in BP often leads to increased
stiffness and decreased compliance of large arteries (2).
This situation leads to myocyte hypertrophy and
fibrosis while increasing left ventricular afterload and
wall stress, that show myocardial remodeling in

hypertensive patients (3).

Electrocardiogram (ECG) is a simple, painless,
noninvasive test that evaluates the heart function by
measuring the electrical activity of the myocardium.
Myocardial fibrosis may change QRS morphology on
surface ECG with no changes in lengthening and its
duration, thereby resulting in fragmented QRS (fQRS)
complex (additional notch or R’ in either the R or S
wave within a narrow QRS complex) (4). QRS
complexes primarily present ventricular depolarization
and may give important information about

morphological assessment of QRS complex.

In this study, the relationship beween fQRS and
reduced arterial compliance (AC) was studied in

hypertensive patients.

MATERIALS AND METHODS

This study was planned as a case-controlled
observational study. We observed 80 patients whose
fORS on surface ECG at our clinic. These patients
were diagnosed with HT according to the ESC/ESH
criteria (5). Age-gender matched 80 hypertensive
patients without fQRS were enrolled as the control
group. All of procedures that performed in this study

were in accordance with the ethical standards of the

responsible committee on human experimentation
(institutional and national) and with the Declaration of
Helsinki (1975), as revised in 2000. This study was
approved by Kanuni Education and Research Hospital
Clinical Research  Ethics Committee, (Date:
17.02.2016; issue number: 2015/53).

Exclusion criteria for selecting the patients were as
follows: history of coronary artery disease, transient
ischemia, stroke, intermittent claudication; arrhytmia
including atrial fibrilation, bundle branch or fascicular
block, individuals who have systemic and metabolic
diseases that may negatively affect the cardiac structure
and functions were excluded from the study. Besides,
none of the subjects were using antiarrhythmic drugs,

digitalis, or any other QT prolonging medications.

Each subject was questioned about medical history,
smoking status, and drug use. If systolic blood pressure
was >140 mmHg and diastolic pressure was >90
mmHg or there was a history of using any
antihypertensive drug, subjects were considered as
hypertensive subjects. Subjects with fasting glucose
>126 mg/dl or using any anti-diabetic treatment were
considered as diabetic. Subjects were considered as
hyperlipidemic if total cholesterol was >200 mg/dL or

if they were taking lipid-lowering medications.
Assessment of Arterial Compliance

Echocardiographic evaluation was accomplished in a
left lateral decubitus position. Echocardiographic
imaging was performed with a Vivid S5 (General
Electric, Horten, Norway) device with a 2.5 MHz
probe and carried out by one experienced physician,
who was blinded to the subjects’ clinical and
demographic data. Measurements were made according
to the American Society of Echocardiography
guidelines and were reported as the average of three
cardiac cycles. LV stroke volume (SV) was obtained
by the LV outflow tract that is common method for
measurement and divided to body surface area to

acquire the SV index. Systemic BP was calculated
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using a cuff sphygmomanometer while evaluating
Doppler SV in the left ventricular outflow tract.
Brachial pulse pressure (PP) was defined as the
difference between systolic and diastolic BP, and the
ratio of SV index to PP (SV/PPi) was considered as an
indirect measure of AC. Normal and decreased AC
were defined as SV/PPi>0.6 mL/m%mmHg and SV/PPi
<0.6 mL/m?/mmHg, respectively (6).

Electrocardiographic Assessment

A 12-lead standard surface electrocardiogram (ECG)
(filtering range 0.15-100 Hz, AC filtering 50 Hz, 25
mm/s, 10mm/V) was collected from the all subjects.
fORS was defined as an additional R wave (R’), with
or without a Q wave, or a notch in the of the R or S
wave, as well as the presence of more than one R’
(fragmentation) in 2 adjacent leads without typical
bundle branch block (QRS>120ms) and incomplete
right bundle branch block. The ECGs were analyzed by
a single operator who was blinded to the patients’

clinical and laboratory characteristics.
Statistical Analysis

SPSS 16.0 for Windows (SPSS Inc., Chicago, IL,
USA) was used for statistical analyses. An analysis of
normality of the continuous variables was evaluated
with  the Kolmogorov-Smirnov test. Normally
distributed continous variables were reported as
mean+standard deviation, and categorical variables
were defined as number and percentage. Normally
distributed variables were analyzed with Student’s T

test, non-normally distributed variables were compared

by Mann-Whitney U test. Categorical variables were
compared using the Chi-square test. Logistic regression
analysis was used to show the association between
fQRS and arterial compliance. Variables with a p value
of <0.05 were included in logistic regression analysis.

A p<0.05 was considered statistically significant.

RESULTS

Table 1 provides an overview of the intercorrelations
among the groups in term of clinical characteristics,
AC compliance and medications. There was no
difference in clinical characteristics and medications in
both groups. Patients with fQRS had lower SV/PPi
values compared to those who did not have fQRS
(0.71£0.29 versus 0.93+0.32; p<0.001) (Figure 1).

The patients were divided into two groups according to
the SV/PPi values. The breakdown is as follows: 48
had decreased arterial compliance (SV/PPi<0.6), 112
patients had normal arterial compliance (SV/PPi>0.6)
(Table 2). Frequency of fQRS in the groups were as
follows: 31 (64%) patients in decreased AC, 50 (44%)
patients in normal AC groups (p=0.021) (Figure 2).
Univariate analysis showed a significant association
between decreased AC with fQRS, age and calcium
channel  bloker use.  Multivariable  analysis
demonstrated age [95% Confidence of interval
(CI):1.024(0.697-0.830); p<0.001] and fQRS
[95%CI):2.26(0.06-0.536); p=0.002] as independent
determinant of decreased AC (Table 3).
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Figure 1: Number of subjects with and with out fQRS according to the cut off SV/PPi values. (SV/PPi, ratio of stroke

volume to pulse pressure; fQRS, fragmented QRS)
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Figure 2: Number of subjects with and without fQRS according to the cut off SV/PPi values. (SV/PPi, ratio of stroke

volume to pulse pressure; fQRS, fragmented QRS)
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Table 1: Clinical and laboratory characteristics of subjects

Variables fQRS (+), n=80 fQRS (-), n=80 p
Age, years (mean+SD) 58+8 57+9 0.73
Male gender, n (%) 40 (50) 39 (49) 0.54
Smoking, n (%) 17 (21) 18 (22) 0.78
Diabetes, n (%) 11 (14) 16 (20) 0.29
Dyslipidemia, n(%) 68 (85) 64 (80) 0.41
SV/PPi, mL/m?%mmHg 0.71+0.29 0.93+0.32 <0.001
LDL-c (mg/dl) 135436 138+37 0.76
HDL (mg/dl) 48+13 47£13 0.31
Triglyceride (mg/dl) 150 £58 153449 0.53
Cholesterol (mg/dl) 210 +42 217450 0.36
Systolic pressure (mmHg) 156+15 153+14 0.4
Diastolic pressure (mmHg) 90+11 91+11 0.6
Cardiovascular medication

ACE inhibitors or ARB, n (%) 63 (79) 59 (74) 0.34
Calcium channel blokers, n (%) 59 (73) 55(69) 0.56
Beta blokers, n (%) 37(46) 31 (39) 0.37
Cholesterol -lowering drugs, n (%) 54 (67) 56 (70) 0.73

ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker; SV/PPi, ratio of stroke volume to pulse
pressure; LDL-c, low-density lipoprotein cholesterol; HDL, high- density lipoprotein cholesterol

Table 2: Clinical and laboratory characteristics of subjects

Variables Decreased AC (n=48) Normal AC (n=112) p
Age, years, (mean+SD) 66+7 54 6 <0.001
Male gender, n (%) 23 (48) 59 (52) 0.58
Smoking, n (%) 13 (27) 22 (20) 0.75
Diabetes, n (%) 10 (21) 17(15) 0.39
Dyslipidemia, n (%) 42 (87) 90 (81) 0.26
fQRS, n (%) 31(64) 50(44) 0.021
Cardiovascular medication

ACE inhibitorsor ARB, n (%) 33 (68) 79 (70) 0.82
Calcium channel blokers, n (%) 28 (58) 85(76) 0.025
Beta blokers, n (%) 20(42) 48 (43) 0.97
Cholesterol -lowering drugs, n (%) 47 (97) 102 (91) 0.11

AC, arterial compliance with normal (SV/PPi > 0.6 or decreased (SV/PPi <0.6); ACE, angiotensin converting enzyme;
ARB, angiotensin receptor blocker; SV/PPIi, ratio of stroke volume to pulse pressure.

Table 3: Multivariable analysis for decreased arterial compliance (SV/PPi<0.6)

Variables* SV/PPi <0.6 SV/PPi >0,6 OR (95% CI) p
Age 66+7 54+6 1.024 (0697-0.830) <0.001
fQRS n (%) 31 (64) 50 (44) 2.26 (0.06-0.536) 0.002

*The covariates includes fQRS, age and calcium channel bloker use
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DISCUSSION

The current study showed that decreased arterial
compliance values in asymptomatic hypertensive
subjects with fQRS as well as a higher prevelance of
fORS in subjects with abnormal arterial compliance
values, compared to those patients with normal arterial
compliance. Each conduit arteries have arterial
compliance and main decisive factor of compliance is
increased blood pressure. One of the initial
determinable finding of reverse structural and
functional alterations inside of artery wall is impaired
AC. Arterial compliance index of arterial elasticity is
obtained by measuring exact change in area (or change
in diameter =AD) for a given pressure step (AP) at a
constant vessel length. It is the responding of stiffness
and is described as, C=AD/AP. Various invasive and
non-invasive techniques have been described to assess
AC and a different way to find arterial compliance is to
calculate the SV to the PP ratio (7,8). Other
noninvasive technique of arterial compliance is
Doppler derived SV/PPi and its clinical importance has
been verified with variable patient population. In Type
2 DM npatients, reduced AC is encountered although
their blood pressure is within normal levels. This
allows to clasify patients in terms of increased risk of
adverse events. Lower AC, has been shown to be
central to HFpEF (Heart failure with preserved ejection
fraction) pathogenesis, leading to ventricular-arterial
coupling left ventricular diastolic sub-clinical systolic
dysfunction (9-11). Reduced compliance is related to
excessive myocardial oxygen consumption and
exacerbating ischemia (12,13). The compliance of large
elastic arteries decreases with advancing age.
Particularly, several cardiovascular diseases, common
in elderly, such as orthostatic hypotension, isolated
systolic hypertension and left ventricular hypertrophy
is associated with AC (14). In our study, we found that
age was independent predictor of decreased AC.

LV hypertrophy and remodeling resulting from the

interaction of hemodynamic and non-hemodynamic

variables are fruguently seen in hypertensive patients.
Arterial hypertension leads to increased afterload and
consequetively hypertrophy of the left chamber of the
heart and it causes increased left ventricular wall
tension (15-17). Coronary microangiopathy occurs as a
result of hypertrophy of the media wall thickness of the
arteriolar vessel, resulting in decreased vascular
autoregulation. All of these pathological circumstances
lead to the development of myocardial fibrosis and are
related to non-uniform activation of the left ventricle
and guiding to terminal conduction delay or fQRS
complex (18). It was shown in another study that the
fQRS complex was associated with the extent of
myocardial damage due to a decreased left ventricular
ejection fraction (19). Younis et al. showed that the
number and position of fQRS could predict the
prognosis, occurrence of cardiogenic shock, and in-
hospital mortality (20). Additionaly, fQRS complexes
on ECG is related with subendocardial fibrosis in non-
ischemic dilated cardiomyopathy (NDCM) patients
(21). In a recently published study, Akyuz et al.
investigated the association between fQRS and cardio
ankle vascular index (CAVI) that is a noninvasive and
novel parameter of arterial stiffness (22). They found
that fQRS may provide a significant predictive value
for arterial stiffness in asymptomatic subjects.
Bonakdar et al. found that fQRS was valuable in
predicting poor collateral coronary circulation in
patients with chronic stable anjina (23). There are
possible explanations for the relationship between AC
and fQRS. As age increases, the heart undergoes
fibrotic remodeling leading to progressive increase in
ventricular stiffness and impaired diastolic dysfunction
due to reduced arterial compliance. Based on these, we
can say that presence of fQRS could be indicator of
AC.

The major limitationof our study was the small sample
size. Moreover, we included only hypertensive
patients. Hence, our results are not appropriate to be

applied to the general population. The present study
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was a cross-sectional design, and that’s why decisive
relationships could not be verified. Another important
limitation of this study is that our patients did not have
detailed echocardigraphic assesment such as left
ventricular mass, hypertrophy and diastolic function.
We certainly agree that these confounding factors may
have significant impact on arterial stiffness. But our
aim is simply to investigate the association between
fORS and arterial
confounding factors are beyond of our study.

compliance. Impact of other
ECG is simple, cheap, reproducible and readily
available and interpreted by most of the physcians. Our
study is the first study investigating the association
between a simple diagnostic method and an important
clinical endpoint.

As a result, the presence of fragmented QRS has
considerable association with decreased arterial

function in asymptomatic hypertensive patients.
Investigation for the presence of fragmented QRS may
be helpful in finding nonsymptomatic hypertensive
patients with decreased arterial compliance who could
benefit from more aggressive interventions and
appropriate pharmacotherapy.
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