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Objective: Micro- and macrovascular changes can occur in heart failure, and could  influence its prognosis and management. In a prospec-
tive study, we proposed the evaluation of arterial stiffness (macrovascular function) and its correlations in patients with systolic heart failure. 
Methods: 40 patients (32 men, 8 women, mean age 63±2.9 years), with hemodynamically stable systolic heart failure (left ventricular ejection 
fraction, EF<40%) were enrolled in the study. In every patient, beyond routine explorations (ECG, cardiac and carotid ultrasound, laboratory 
measurements), arterial stiffness was assessed by measuring pulse wave velocity (PWV). The correlations of PWV with clinical and echo-
cardiographic characteristics were studied using t-test and chi-square test (p<0.05 being considered for statistical significance). Results: 
The average PWV was 8.55±2.2 m/s, and 16 patients had increased PWV (>10 m/s). We found significantly higher PWV values in patients 
older than 65 years (p<0.001), in patients with eGFR <60 ml/min/1.73 m2 (p<0.001), hypertension (p=0.006), and increased (>1 mm) carotid 
intima-media thickness (p=0.016). PWV was found to be significantly lower when EF was <30% (p=0.049). Furthermore, the presence of 
an increased PWV was correlated significantly with age (p<0.001), and (with borderline significance) with eGFR <60 ml/min/1.73 m2 and, 
inversely, with EF<30%. Conclusions: Increased arterial stiffness reflected by high PWV is frequently present in patients with systolic heart 
failure, and is mainly correlated with general risk factors of arterial involvement. Low EF, due to low stroke volume and decreased systolic arte-
rial wall tension can influence the values and the interpretation of PWV. 
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Introduction
Heart failure (HF) is a result of cardiac structural and/or 
functional abnormalities, which determine low cardiac 
output and high filling pressures, responsible for clinical 
picture, consisted mainly of dyspnea, fatigue and signs of 
congestion. Systolic HF (HF with reduced ejection frac-
tion - HFrEF) is associated with increased mortality and 
frequent hospital admissions. Its pathophysiology is com-
plex, and involves central and peripheral mechanisms as 
well [1].

Arterial function, both its micro- and macrovascu-
lar component, has become a target for evaluation and 
therapy in many pathological conditions, including HF, 
vascular dysfunction having a well-known or putative role 
in cardiovascular disease mechanisms. Pulse wave velocity 
(PWV) has emerged in the last decades as a potent marker 
of arterial stiffness, a key element of macrovascular arte-
rial dysfunction. PWV has proven to be a stable and re-
productible parameter, and its increase has prognostic sig-
nificance in many cardiovascular and non-cardiovascular 
conditions, like hypertension, coronary heart disease and 
chronic kidney disease [2, 3]. Due to the commercially 
available, validated devices, the measurement of PWV has 
become reliable in the everyday practice [4].

The role of arterial stiffness in diastolic dysfunction is 
a well-studied phenomenon, however, there are only few 
data regarding the relationship of arterial stiffness and sys-

tolic dysfunction with heart failure (HFrEF). The existing 
studies found a lower pressure augmentation and a shorter 
ejection duration in this setting, however PWV was not 
different from controls in the majority of cases [5].

Based on these data, in our study, we evaluated the arte-
rial stiffness, reflected by PWV, in patients with HFrEF. 
We choose this, less studied area of HF research, keeping 
in mind the potential value of evaluating macrovascular 
dysfunction for clinical and prognostic purposes in HF pa-
tients.

Material and methods
In a prospective study we enrolled 40 patients (8 female, 
32 male, mean age 63±12,9 years) with HFrEF, hospital-
ized with acute HF during 2017-2019 in the Cardiology 
Department of the Clinical County Hospital Mures, Targu 
Mures, Romania. The diagnosis of HF was established us-
ing standard criteria, including clinical, ECG, echocar-
diographic and biomarker (NT-proBNP) data. All the 
patients were in sinus rhythm, and were included in the 
study on voluntary basis, when they reached hemodynam-
ic stability (blood pressure and heart rate in normal range, 
no signs of pulmonary or systemic congestion). In every 
patient, we recorded the most important general (e.g., 
sex, age) and clinical data (e.g., etiology of HF, underly-
ing heart diseases) and the findings of the routine cardiac 
evaluation at inclusion, consisted of clinical examination, 
electrocardiography and echocardiography. Ischemic etiol-
ogy was considered in the case of old myocardial infarction 
and/or significant stenoses on a previous coronarography. 

* Correspondence to: Attila Frigy
E-mail: afrigy68@gmail.com



87Acta Marisiensis - Seria Medica 2021;67(2)

Left ventricular ejection fraction was determined using the 
modified biplane Simpson method [6]. The results of the 
last available routine laboratory tests were also noted. For 
evaluation of the macrovascular function we measured ar-
terial stiffness, the ankle-brachial index (ABI) and the ca-
rotid intima-media thickness (IMT). 

Arterial stiffness was evaluated using the Mobil-O-
Graph NG® device (IEM GmbH, Stolberg, Germany) 
which uses a cuff-based (single point measurement – the 
dominant upper arm) oscillometric, non-invasive method 
for measuring PWV. The recorded pressure data were pro-
cessed by the HMS Client Server Hypertension Manage-
ment software (IEM GmbH, Stolberg, Germany), and 
aortic PWV was calculated. ABI and carotid IMT were 
measured according with current guidelines, using com-
mercially available devices (peripheral CW Doppler de-
vice; 7 MHz linear ultrasound probe – Aloka Prosound 
Alpha 10 machine) [ 7, 8].

The different characteristics of patient population are 
presented on Table I.

To find out the associations of increased arterial stiff-
ness, reflected by increased PWV (>10 m/s), [9] the gen-
eral, clinical, echocardiographic and vascular variables of 
the patients were correlated with PWV values using bidi-
rectional association analysis, by t-test and chi-square test 
(p<0.05 was considered statistically significant). Data pro-
cessing was performed using the Microsoft Excel v14.0.  
and the IBM SPSS Statistics V22.0 software. Data han-
dling respected all the time the Declaration of Helsinki, 
the patients signed a written informed consent, and the 
study had been approved (3865/01.03.2016) by the Ethi-
cal Committee of Clinical County Hospital Mures.

Results
The PWV values were found to be increased (> 10 m/s) 
in 16 patients (40%), the average PWV being 8.55 ± 2.2 
m/s. The bidirectional analysis of the relationship between 
the diverse patients` characterisitics and PWV values are 
presented on Table II and Table III. The PWV proved 
to be significantly higher in patients with age >65 years, 
eGFR<60 ml/min/1.73 m2 (chronic kidney disease, eGFR 
– estimated glomerular filtration rate - calculated using the 
Modification of Diet in Renal Disease, MDRD, formula), 
hypertension and increased carotid intima-media thick-
ness, and significantly lower when left ventricular ejection 
fraction (EF) was <30% (t-tests, see Table II). Further-
more, the presence of an increased PWV was significantly, 
positively, correlated with age, and (with borderline sig-
nificance) with chronic kidney disease, and, inversely, with 
lover EF (chi-square tests, see Table III). As expected, pulse 
pressure, a classical clinical measure of arterial stiffness 
[2], was significantly higher in the group of patients with 
high PWV (54.1 ± 11.1 mmHg vs. 44.3 ± 10.3 mmHg, 

Table I. The main charactersitics of study population

Characteristic Value (± SD)

Mean age (years) 62.4 ± 12.8

Female/Male (nr.) 8/32

Ischemic etiology of heart failure (%) 34.1

Diabetes (%) 19.5

eGFR<60 ml/min/1.73 m2 (%) 24.4

Hypertension (%) 46.3

Mean PWV (m/s) 8.55 ± 2.2 

PWV>10 m/s (%) 40

Left ventricular ejection fraction (EF, %) 30.7

EF<30% (%) 48.8

Carotid intima-media thickness >1 mm (%) 21.1

Ankle-brachial index<0.9 (%) 22.0
eGFR: estimated glomerular filtration rate; PWV: pulse wave velocity; EF: ejection fraction

Table II.  The PWV values in function of patients` characteristics (t-test)

Characteristics (cut-off criteria) PWV value (mean±SD) PWV value (mean±SD) p

Age (</> 65 years) 7.16 ± 0.92 10.85 ±1.33 < 0.001

Gender (female/male) 9.22 ±2.26 8.85 ± 2.18 0.685

HF etiology (ischemic/non-ischemic) 9.54 ± 2.20 8.97 ± 2.14 0.698

Diabetes (Y/N) 9.40 ±2.22 8.80 ± 2.18 0.508

eGFR <60 ml/min/1.73 m2 (Y/N) 10.86 ± 1.63 8.27 ± 1.95 <0.001

Hypertension (Y/N) 9.89 ± 2.05 8.03 ± 1.93 0.006

EF <30% (Y/N) 8.21 ± 1.99 9.56 ± 2.17 0.049

Carotid intima-media thickness >1 mm (Y/N) 10.58 ± 1.43 8.51 ± 2.18 0.016

Ankle-brachial index<0,9 (Y/N) 8.91 ± 2.48 8.92 ± 2.12 0.989
Y:yes (present); N: no (not present)

Table III. Correlations of PWV>10 m/s (chi-square test)

Characteristics (cut-off criteria) % of patients with PWV>10 m/s p

Age (</> 65 years) 0/73.7 <0.001

Gender (female/male) 57.1/ 30.3 0.186

Etiology (ischemic/non-ischemic) 35.7 / 37.1 0.434

Diabetes (Y/N) 37.5 / 34.4 0.869

eGFR <60 ml/min/1.73 m2 (Y/N) 60.0 / 26.7 0.06

Hypertension (Y/N) 47.4 / 23.8 0.117

EF <30% (Y/N) 21.1 / 47.6 0.075

Carotid intima-media thickness >1 mm (Y/N) 50.0 / 31.0 0.328

Ankle-brachial index <0,9 (Y/N) 33.3 / 35.5 0.905
Y – yes (present), N – no (not present) ; eGFR – estimated glomerular filtration rate, PWV – pulse wave velocity, EF – ejection fraction
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p=0.007), due to the higher values of systolic blood pres-
sure (129.2 ± 14.3 mmHg vs. 116.0 ± 13.1, p=0.005).

Discussion 
For methodological and clinical reasons we studied the 
prevalence and correlations of increased arterial stiffness 
(reflected by elevated PWV) in patients with systolic heart 
failure.

Increased arterial stiffness represents a major macro-
vascular involvement, with well-known consequences on 
central hemodynamics: increased central systolic blood 
pressure, increased left ventricular afterload and decreased 
diastolic coronary supply. These consequences are the re-
sults of increased PWV, which causes an early arrival (dur-
ing systole instead of diastole) of the reflected pulse wave. 
All of the above factors could influence left ventricular 
performance, contributing to the aggravation/progression 
of heart failure, independently of left ventricular ejection 
fraction [10, 11].

The development of increased arterial stiffness is related 
to arteriosclerosis, a process which is driven by endothe-
lial dysfunction (ED) and vascular ageing [12]. In systolic 
HF, due to a complex pathophysiological mechanism (e.g., 
decreased arterial wall tension, neurohormonal activation) 
there is a fall in endothelial nitric oxide (NO) synthase  ex-
pression, with low endothelium-derived NO production. 
This endothelial dysfunction has been documented both 
in the peripheral and coronary arteries in patients with 
HFrEF [13]. Furthermore, the degree of endothelial dys-
function can be used as a marker of long-term prognosis 
in these patients. It has been demonstrated that radial and 
brachial artery post-ischemic vasodilation is inversely cor-
related with mortality in patients with HF [14].

In our patient population the prevalence of increased ar-
terial stiffness was high (40%), however, due to the inverse 
relationship of EF with PWV, revealed by our study, this 
proportion could be even higher. Thus, macrovascular dys-
function seems to be an important co-factor of altered left 
ventricular hemodynamics in patients with HFrEF. On the 
other hand, increased arterial stiffness in HFrEF patients 
was correlated with the same risk factors as in the general 
population, including age, hypertension and chronic kid-
ney disease [15]. Similarly, we found a good correlation of 
increased arterial stiffness with subclinical carotid disease 
[16, 17].

Our study has a few limitations, including the relatively 
small sample size, which could serve as an explanation for 
the lack of correlations of arterial stiffness with the pres-
ence of diabetes and ischemic heart disease. Also, we do 
not performed the study of correlations of arterial stiffness 
with natriuretic peptides and medical treatment. Despite 
the fact that the patients enrolled in the study were hospi-
talized, already stabilized patients, medical treatment and 
natriuretic peptide values cannot be considered constant 
and representative in this setting. Our study, a pilot re-
search, could serve as starting point for a more complex 

evaluation of the relationship between arterial stiffness 
and systolic HF with potential therapeutic and prognos-
tic yield. For instance, the prognostic value of PWV in 
systolic HF is still controversial, as data derived from the 
Eplerenone Post-Acute Myocardial Infarction Heart Fail-
ure Efficacy and Survival Study (EPHESUS) underscores 
its importance , while other studies did not find it useful in 
prognostic stratification [18, 19].

Conclusions
Increased arterial stiffness as an expression of macrovas-
cular arterial dysfunction is frequently present in patients 
with systolic HF (HFrEF), being a sign and consequence 
of altered endothelial function and vascular ageing. In our 
patient population, increased stiffness was found to be cor-
related with the general risk factors of arterial involvement.  
Low EF, due to low stroke volume and decreased systolic 
arterial wall tension can influence the value of PWV and its 
interpretation.  Concerning the patients with low EF and 
high PWW, a recommendation of a more closed monitor-
ing could be rised, as their prognosis can be worse due to 
a higher load.  Therapeutic implications can be considered 
too: the possible, beneficial effect of vasodilators in pa-
tients with high PWV. These and other questions certainly 
warrant further research of the field.
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