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Abstract: Aims: In the latest years an emerging interest has risen towards the role of endothelial dysfunction (ED) 
in the pathogenesis of heart failure (HF) since the very first steps of the disease. Since the prevalent etiology of HF 
is ischemic cardiomyopathy (ICM), it is still not clear whether the connection with ED is linked to HF itself or to ath-
erosclerosis. The aim is to determine the presence of ED in subjects with idiopathic dilated cardiomyopathy (IDCM) 
compared to ICM. Methods: In this observational study 107 patients were enrolled, 65 of them suffering from IDCM 
and 42 from ICM. ED was assessed as peripheral arterial tonometry by means of EndoPAT device. The Reactive 
Hyperaemia Index (RHI) was calculated, ED being established with RHI values ≤1.67 and normal endothelial func-
tion >2.00 (grey area between 1.67 and 2.00). Results: ED, expressed both as RHI ≤1.67 and RHI ≤2.00, showed a 
similar prevalence in the two groups. However, they differed as regards sex, dyslipidemia and statin use. Conclusion: 
Endothelial function, evaluated through peripheral artery tonometry, seems equally compromised in patients with 
IDCM and ICM.
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Introduction

Despite many recent improvements in therapy, 
heart failure (HF) still has high mortality and 
morbidity rates [1], and new therapeutic tar-
gets and prognostic factors are still being 
researched. In the latest years an emerging 
interest has risen towards the role of endothe-
lial dysfunction (ED) in the pathogenesis of HF. 
Chronic exposure to cardiovascular risk factors 
and the harmful circulating stimuli asso-ciat- 
ed with these conditions overwhelms the de- 
fense mechanisms of the vascular endotheli-
um, hence compromising its integrity and ulti-
mately initiating ED. ED is commonly associat-
ed with reduced nitric oxide (NO) bioavailability, 
and hence an inability of the endothelium to 
initiate vasodilation in response to vasodilatory 
stimuli such as acetylcholine or shear stress.  
It represents an initial reversible step in the 
development of atherogenesis, and for this re- 
ason, early clinical identification of ED may 
become an important tool in the prevention or 

reversal of progression to atherosclerosis and 
IHD. ED comprises a loss of balance between 
endothelial-derived vasodilatory and vasocon-
strictory factors, where the pro-vasoconstricto-
ry state becomes dominant, leading to progres-
sive pathophysiological changes. These chang-
es appear as sequentially occurring responses 
in endothelial cells, also referred to by some  
as the endothelial activation-dysfunction-injury 
triad. Collectively, these endothelial changes 
exhibit pro-inflammatory, pro-oxidant, prolifera-
tive, pro-coagulation and pro-vascular adhesion 
features [2]. Its presence in patients with chron-
ic HF was shown in peripheral and coronary 
arteries, related to an increase in morbidity and 
mortality. The prevalent etiology of HF is isch-
emic cardiomyopathy (ICM) [6], but it is still  
not clear whether the connection with ED is 
linked to HF itself or to atherosclerosis. Vice 
versa, idiopathic dilated cardiomyopathy (IDCM) 
represents the third cause of HF and one of  
the main causes of heart transplant [7]. Some 
studies claim ED might even last after a heart 
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transplant. While the precise mechanisms that 
cause abnormal vaso-motor function in heart 
failure have not been elucidated, decreased 
bioavailability of nitric oxide is likely to play an 
important role in impaired endothelium-depen-
dent vasodilation. High tissue and circulating 
levels of angiotensin II for patients with heart 
failure may promote superoxide radical forma-
tion, resulting in increased degradation of ni- 
tric oxide. Improvement of endothelial function 
after cardiac transplantation in nonischemic 
cardiomyopathy patients might, therefore, be 
related to decreased activation of the renin-
angiotensin system. However, after heart trans-
plant, for patients with a history of ischemic 
heart disease, the presence of systemic ath-
erosclerosis may lead to persistent endothelial 
dysfunction in spite of improved hemodynamic 
and neurohormonal conditions [3]. ED in coro-
nary arteries has also been reported in pati- 
ents with acute HF [4]. The link between athe- 
rosclerosis and ED has been widely explained. 
the most clearly defined and well-understood 
early precursor of atherosclerosis is ED. In fact, 
ED can be regarded as the primum movens  
of atherosclerotic disease. The healthy, intact  
endothelium is a highly selectively permeable  
barrier and does not promote leukocyte adhe-
sion and invasion, or platelet aggregation and 
adhesion. However, as the endothelium pro-
gresses to a dysfunctional state, vascular ho- 
meostasis becomes impaired, leading to redu- 
ced anti-oxidant, anti-inflammatory and anti-
thrombotic properties (due to reduced NO bio-
availability), enhanced endothelial permeability 
(barrier dysfunction), upregulated pro-inflam-
matory cytokine levels, and expression of ad- 
hesion molecules such as VCAM-1 and ICAM-1, 
which facilitate leukocyte adhesion to the en- 
dothelium. Leukocyte adhesion represents one 
of the first steps in the initiation of atheroscle-
rosis [5]. 

This study aims to evaluate ED, using peripher-
al artery tonometry, in a population of patients 
with IDCM compared with patients with ICM, 
seeking a possible relationship with ED, regard-
less of atherosclerosis.

Methods

Study design

In this observational study, prior written info- 
rmed consent, 107 patients were enrolled, 65 

of them suffering from idiopathic dilated car- 
diomyopathy and 42 from ischemic cardiomy-
opathy. Of them, 79 (74%) were men, 28 (26%) 
were women. The study was carried out in the 
Cardiology Department of Spedali Civili di Bre- 
scia, Italy, it was approved by the local Ethical 
Committee (NP 3996, 21st January 2019) and 
was conducted in compliance with the Decla- 
ration of Helsinki. The presence of dilated car-
diomyopathy or ischemic cardiomyopathy was 
assessed consulting the electronical archives 
and assuring that every patient had under- 
went at least one echocardiographic exami- 
nation and a coronary angiography to exclude 
coronary artery disease. 

Demographic, clinical, and therapeutic data 
were extracted from the hospital’s electronic 
archives.

Inclusion criteria for patients with IDCM were 
Caucasian ethnicity, age >18 years old, dilated 
cardiomyopathy with unknown etiology and 
undamaged coronary arteries. Exclusion crite-
ria were non-Caucasian ethnicity, age <18 
years old, ischemic or congenital cardiomyopa-
thy, relatives with dilated cardiomyopathy. 

Inclusion criteria for ischemic patients were 
Caucasian ethnicity, age >18 years old, pres-
ence of coronary artery disease (CAD). Exclu- 
sion criteria were non-Caucasian ethnicity, age 
<18 years old, unstable CAD or acute myocar-
dial infarction in the previous 3 months. 

During the office evaluations every patient was 
subjected to peripheral artery tonometry (PAT), 
preceded by brachial blood pressure measure-
ment, performed using aneroid sphygmoma-
nometer. The patient was let at rest for 5 min-
utes before the measurement, and subse-
quently blood pressure was measured on the 
left arm. The left arm was chosen as “control 
arm” for EndoPAT examination, according to 
Itamar Medical Ltd. product usage guidelines. 
The data were recorded from July 2018 to 
December 2018.

Peripheral arterial tonometry

Endothelial function was evaluated using Endo- 
PAT 2000 device, produced by Itamar Medical 
Ltd (Israel). EndoPAT 2000 allows a non-inva-
sive measurement of tone variations in peri- 
pheral arteries in basal conditions and during 
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reactive hyperaemia (RH). This evaluation is 
called peripheral artery tonometry. The device 
is connected to two single use probes, creat- 
ed for the distal phalanges of the second finger. 
They are composed of a rigid external structure 
internally lined with a system of inflatable neo-
prene membranes, able to produce a pressure 
of 70 mmHg. This pressure is needed to avoid 
venous stasis, which could produce a reflected 
venous-arteriolar constriction, to avoid blood 
backflow which could alter the calculation, to 
amplify volume variations and to limits arte-
facts related to finger movements. A cable 
allows a link with a PC with a software that can 
elaborate automatically all the data transmit-
ted by the device, thus making the exam com-
pletely operator-independent. The patients we- 
re in supine position in a silent room with sta- 
ble temperature to reduce vascular tone vari-
ability. On the study arm (right arm) a sphygmo-

time interval, starting 1.5 minutes after isch-
emia, divided by the average signal amplitude 
of a period of 3.5 minutes before cuff inflation. 
The ratio was normalized for patient weight and 
height and for blood pressure measurement of 
the left arm. The software is also programmed 
to communicate the endothelial condition (nor-
mal endothelial function or ED), dysfunction 
being established with RHI values ≤1.67 [Figure 
1A and 1B]. These values were selected since 
they show the endothelial inadequacy to pro-
duce vasodilating factors, related to a higher 
risk to face cardiovascular adverse events [9, 
10]. On the other hand, there are some cases  
in literature in which RHI value ≤2.00 was con-
sidered pathological. Therefore, in this study 
ED was expressed in two forms: related to RHI 
≤1.67 and to RHI ≤2.00. The main advantage of 
the EndoPAT device consists in being a simple 
and completely operator-independent instru-

Figure 1. A. Normal endothelial function. B. Endothelial dysfunction.

manometer was positioned. 
The probes were placed on 
the distal phalanx of the sec-
ond finger in both hands. 
During the first 5 minutes, 
basal signal registration was 
done. Subsequently, the sp- 
hygmomanometer cuff was 
quickly inflated at least 50 
mmHg beyond the subject’s 
systolic arterial blood pressu- 
re, preferably at 200 mmHg, 
determining downstream isch-
emia. The ischemia was ma- 
intained for 5 minutes, time 
needed to get the maximum 
response [8]. After 5 minutes 
the sphygmomanometer was 
quickly deflated causing a si- 
gnificant shear stress with 
reactive hyperaemia. Registr- 
ation was then continued for 
another 5 minutes. At the end 
of the registration all data 
were sent to the software, 
which started to calculate the 
Reactive Hyperaemia Index 
(RHI). The software process- 
ed the tracks obtained by 
EndoPAT probes and calculat-
ed RHI as the ratio between 
the average amplitude of the 
PAT signal over a one-minute 
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ment, which ensures high reproducibility with 
minimum operator-related interferences. 

Statistical analysis

Continuous variables were expressed as mean 
± standard deviation (SD) after normality test-
ing through Q-Q plots graphics. Categorical va- 
riables were expressed as frequency (n) and 
sample percentage. Welch’s t-test was used  
for independent samples to analyze the differ-
ence between the means of continuous vari-
ables. The difference between proportions was 

63.1%; P=0.002). The population also show 
comparable ejection fraction, heart rate and 
blood pressure between the IDCM group and 
the ICM group. Likewise, some of the main 
comorbidities and risk factors, such as arterial 
hypertension and diabetes, were present in a 
similar percentage of cases. As expected, dys-
lipidemia was found mostly in the ICM popula-
tion (90.5% vs. 53.8%; P≤0.001). Ischaemic 
cardiomiopathy population had higher body ma- 
ss index, diastolic blood pressure, cholesterol 
and creatinine levels compared with idiomatic 
dilated cardiomyopathy population.

Therapy influencing endothelial function was 
also considered [Table 2]. The two groups we- 
re assuming similar drugs, except for statins, 
which were more prescribed in the ICM popu- 
lation (85.7% vs. 53.8%; P=0.001). 

Endothelial dysfunction

ED, expressed as RHI value ≤1.67 and RHI 
≤2.00, showed a similar prevalence in the two 
groups [Table 3]. 

Considering that the two groups strongly dif-
fered in three relevant variables, namely sex, 
dyslipidemia and statin use, the relationship 
between these variables and ED was then  
evaluated, in order to exclude confusing values. 
No relationship between the evaluated vari-

Table 1. Clinical and demographic characteristics of the study 
population
Characteristics IDCM (n=65) ICM (n=42) p
Age (years) 65±12 68±8 0.121
Male sex 41 (63%) 38 (91%) 0.002
Height (cm) 168±9 168±5 0.981
Weight (kg) 78±18 82±19 0.279
Body mass index (kg/m2) 26±7 29±6 0.050
Systolic blood pressure (mmHg) 122±16 118±17 0.319
Diastolic blood pressure (mmHg) 75±10 72±7 0.058
Heart rate (bpm) 68±11 64±9 0.998
Hypertension 36 (55%) 30 (71%) 0.108
Dyslipidaemia 35 (54%) 38 (91%) <0.001
Chronic kidney disease 13 (20%) 16 (38%) 0.047
Atrial fibrillation 14 (21%) 14 (33%) 0.186
Diabetes mellitus 21 (32%) 18 (43%) 0.307
End-systolic volume (mL) 174±43 180±43 0.670
End-diastolic volume (mL) 119±34 123±40 0.697
Ejection fraction (%) 33±9 31±6 0.256

Table 2. Chronic therapy of the study population
Therapy IDCM (n=65) ICM (n=42) p
Furosemide 53 (81%) 40 (95%) 0.045
ACEi or ARB 57 (88%) 38 (90%) 0.761
Beta-blockers 63 (97%) 36 (86%) 0.055
MRA 49 (75%) 34 (81%) 0.636
Ivabradine 15 (23%) 10 (24%) 1.000
Statins 35 (53%) 36 (86%) 0.001
Pacemaker 6 (9%) 2 (5%) 0.477
ICD 31 (48%) 34 (81%) 0.001
CRT-P/D 32 (49%) 16 (38%) 0.321
ACEi, angiotensin-converting enzyme inhibitors; ARB, angio-
tensin receptor blockers; MRA, mineralocorticoid receptor 
antagonists; ICD, implantable cardioverter defibrillator; CRT-
P/D, cardiac resynchronization therapy-pacemaker/defibril-
lator.

studied using χ2 test. To exclude 
possible bias, we evaluated non-
parametric relationship (Spear- 
man’s) between ED and the differ-
ent variables in the two groups. 
The statistical analysis was per-
formed using IBM SPSS Statistic 
for Windows Software. Statistical 
significance was set at a p-value 
<0.05 with a two-tailed test. 

Results

Population characteristics

The study included a population  
of 107 patients. Demographic and 
clinical characteristics are shown 
in Table 1. Most of them, such as 
age, weight, height, were balanced 
in the two groups, while a higher 
prevalence of men in the ICM  
population was found (90.5% vs. 
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ables and ED was found [Table 4]. Male parti- 
cipants were 77.3%. They contributed to the  
ED population vs. normal endothelial function 
respectively for 78.4% vs. 73.9% (P=0.776)  
and 77.4% vs. 76.9% (P=1.000) for RHI values 
of ≤1.67 and ≤2.00. Patients with dyslipide- 
mia were part of the ED group in 73.0% cases. 
They contributed to the ED population vs. nor-
mal endothelial function respectively for 73.0% 
vs. 60.9% (P=0.303) and 71.4% vs. 56.5% 
(P=0.521) for RHI values of ≤1.67 and ≤2.00. 
Finally, patients on statin therapy were the 
majority (70.1% vs. 29.9%). They contributed to 
the ED population vs. normal endothelial func-
tion respectively for 74.3% vs. 56.5% (P=0.122) 
and 72.6% vs. 53.8% (P=0.199) for RHI values 
of ≤1.67 and ≤2.00.

Discussion

The aim of this study was to identify the preva-
lence of ED in patients with IDCM, defining a 
link between this specific cardiac pathology 
and endothelial function. Results revealed a 
clear relationship between ED and IDCM. The 
comparison with ICM patients supports these 
results, showing similar prevalence of altered 
endothelial cell function. In the study emerges 
a close connection between HF and ED. This 
connection is independent from HF etiology. 
The pathophysiological basis for ED in HF 
appears to be increased oxidative stress and 
chronic inflammation. Among the most impor-
tant mechanisms a reduced nitric oxide pro-
duction (NO) must be considered, with possi- 
ble genetic polymorphism on endothelial NO 
synthase (eNOS), NO oxidative inactivation, the 

and antithrombotic effect is prevalent com-
pared to damaging factors production. In con-
trast, in case of altered endothelial function  
the result turns towards reduced vasodilation 
and a proinflammatory and prothrombotic sta- 
te [12]. Thus, ED is thought to have a key role in 
HF development, taking part to the onset and 
progression of myocardial damage. In fact, it 
contributes to excessive systemic vasocon-
striction and to the consequent afterload 
increase. It was furthermore highlighted how 
altered endothelial function is crucial in vaso-
motor dysregulation of coronary circulation. 
The reduction in endothelial-dependent vaso- 
dilation damages myocardial perfusion, reduc-
es coronary flow and worsens ventricular fun- 
ction [13]. It is thus shown how in HF a vicious 
circle starts, in which HF causes the onset of 
ED, and the latter determines a worsening of 
HF. However, it is still not clear whether the 
well-known relationship between HF and ED is 
always valid, despite the etiology. 

In our study no difference was found in ED  
prevalence between IDCM and ICM. Previous 
researches in this field produced discordant 
results. Treasure et al. observed that endo- 
thelial-dependent vasodilation is compromised 
in coronary microvasculature of patients with 
IDCM [14]. A study conducted by Kubo et al. 
also showed attenuated endothelial-depen-
dent vasodilation in HF patients with non-isch-
emic etiology [15]. Both studies support the 
obtained results, but the tests performed in 
such studies are difficult to execute as practi- 
cal routine, because of their invasiveness. Con- 
versely, in our research endothelial function 
evaluation was performed through a non-inva-
sive method. 

One study conducted with a non-invasive me- 
thod, evaluation of flow-mediated dilatation 
(FMD), produced results contrasting with ours 
[16]. However, the examined sample was very 
small, including only 11 ICM and 12 IDCM. 
Shah et al. found endothelial anomalies only in 
patients with ICM. Equally, in a study conduct-

Table 3. Prevalence of endothelial dysfunction in the 
two groups
Endothelial dysfunction IDCM (n=65) ICM (n=42) p
RHI ≤1.67 40 (71%) 36 (86%) 0.145
RHI ≤2.00 57 (88%) 36 (86%) 0.767
RHI, reactive hyperemia index.

Table 4. Correlation between variables signifi-
cantly different in Table 1 and RHI value

Variables
RHI ≤1.67 RHI ≤2.00

Rho p Rho p
Male sex -0.045 0.659 -0.004 0.971
Dyslipidaemia 0.112 0.273 0.074 0.474
Statin use 0.165 0.105 0.140 0.172
RHI, reactive hyperemia index.

increasing plasmatic concentration of eNOS 
endogenous inhibitor, such as asymmetric 
dimethylarginine (ADMA) and higher oxidiz- 
ed LDL in plasma [11]. Endothelial cells pro-
duce many factors implicated in cardiovas-
cular system homeostasis, with opposite 
actions. In physiological conditions, produc-
tion of protective factors with vasodilating 
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ed by Klonsinska et al. endothelial-dependent 
vasodilation was lower in patients with ICM 
than in non-ischemic patients [17]. The dispar-
ity in the results obtained with FMD method 
and our research, which uses peripheral artery 
tonometry, might be explained by the method 
itself. In fact, peripheral artery tonometry is 
more reproducible and operator-independent, 
while FMD, even if widely validated, is strongly 
operator-dependent [18]. 

From this study also comes to light that a nar-
rower or larger RHI values cut-off (respectively 
1.67 and 2.00) does not determine significant 
differences in the prevalence of ED in the ex- 
amined populations. According to literature, 
this result shows that an RHI value ≤2.00 is a 
reliable marker for ED [19]. The prevalence of 
ED in the IDCM sample is higher than in the  
ICM group, if RHI ≤2.00 cut-off is considered. 
This supports this work’s hypothesis, stating 
that IDCM has an important relationship with 
ED. It must be underlined how altered endothe-
lial function, found in both groups, might be 
linked to many cardiovascular risk factors im- 
plied in ED onset, such as diabetes and arterial 
hypertension. However, these risk factors were 
equally present in both groups. 

At the end, endothelial function, evaluated 
through peripheral artery tonometry, seems 
equally compromised in patients with IDCM 
and patients with ICM, for both RHI cut-off of 
≤1.67 and ≤2.00.

The study has several limitations. First, a small 
sample and the monocentric design. In addi-
tion, the population was representative of a 
single ethnicity. A potential limit of the pres- 
ent study could reside in the sample uneven-
ness for sex, dyslipidemia, and statin, which 
can strongly influence ED. To exclude biases 
derived from this unevenness, the variables 
were singularly evaluated in relation to RHI  
and no connection was found. Thus, we can 
affirm that these elements are not confusing 
variables. Treatments are a significant limit in 
any endothelial function study. Some drugs, 
such as ACE-inhibitors, can influence endothe-
lial function. Anyway, for ethical reasons, it is 
not possible to study HF patients without any 
ongoing treatment. Nonetheless, these treat-
ments should not be able to condition this 
study’s results, because their use is compara-
ble in both groups. At most, therapies might 

determine a global improvement in endothelial 
function in both groups, causing higher RHI val-
ues, without altering ED prevalence. 

We can conclude that our research fits the lit-
erature. Independent of etiology, HF leads to 
ED. Our results are in contrast with some works 
based on a very small population, in which 
there can be several confounders. Bigger and 
multicentre studies are needed to confirm our 
results. 
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