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Abstract. Cardiovascular diseases (CVDs) have been the most common cause of death worldwide for dec-
ades. Until recently the most affected patients were middle-aged and elderly, predominantly males, with more
frequent ST elevation myocardial infarction (STEMI) caused by obstructive coronary artery disease (CAD).
However, in the last two decades we have noticed an increased incidence of ischemia with non-obstructive
coronary arteries (INOCA), which includes myocardial infarction with non-obstructive coronary arteries
(MINOCA) and non-myocardial infarction syndromes, such as microvascular and vasospastic angina, con-
ditions that have been particularly pronounced in women and young adults - the population we considered
low-risky till than. Therefore, it has become apparent that for this group of patients conventional methods
of assessing the risk of future cardiovascular (CV') events are no longer specific and sensitive enough. Heart
failure with preserved ejection fraction (HFpEF) is another disease, the incidence of which has been rising
rapidly during last two decades, and predominantly affects elderly population. Although the etiology and
pathophysiology of INOCA and HFpEF are complex and not fully understood, there is no doubt that the
underlying cause of both conditions is endothelial dysfunction (ED) which further promotes the development
of left ventricular diastolic dysfunction (LVDD). Plasma biomarkers of ED, as well as natriuretic peptides
(NPs), have been intensively investigated recently, and some of them have great potential for early detection
and better assessment of CV risk in the future. (www.actabiomedica.it)

Key words: amino terminal pro brain natriuretic peptide, biomarkers, coronary artery disease, heart failure,
endothelium, microcirculation, risk assessment

Introduction

Approximately 85% cause of cardiovascular (CV)
deaths are due to myocardial infarction (MI) and stroke
(1), diseases the main cause of which is advanced ath-
erosclerosis. Atherosclerotic vascular disease begins
to develop early in life as a result of impaired nitric
oxide (NO) production caused by a dysfunctional
endothelium (2,3) and continues to progress for dec-
ades as a silent process. Until recently, coronary artery

disease (CAD) was anatomically defined by obstruc-
tive atherosclerosis of the epicardial coronary arteries.
It is now known that structural and functional dis-
orders affect the entire coronary circulation, includ-
ing microcirculation, and it is coronary microvascular
disease (CMD) that is thought to be responsible for
the sudden increase in the incidence of ischemia with
non-obstructive coronary arteries INOCA) (4,5) and
burden of heart failure with preserved ejection frac-

tion (HFpEF) (6,7). Because of the wide spectrum of
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Figure 1. Connection among risk factors (traditional and non-traditional), left ventricular diastolic dysfunction, edothelial dysfunc-

tion, coronary artery disease and heart failure
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Legend: It can be observed that traditional risk factors are more often related to the incidence of obstructive coronary artery
disease in older people, whereas in younger people, especially women, non-traditional risk factors predominate with a higher fre-
quency of non-obstructive coronary artery disease. LVDD= left ventricular diastolic dysfunction; ED=endothelial dysfunction;
CAD-=coronary artery disease, HFmrEF=heart failure with mid-range ejection fraction; HFpEF=heart failure with preserved ejec-

tion fraction; HFrEF=heart failure with reduced ejection fraction

clinical manifestation and low frequency of obstructive
CAD, many patients with CMD have normal find-
ings on physical examination that we routinely use
nowadays (8,9). In addition, the CV risk assessment
scales we most use today (10,11) are based on tradi-
tional risk factors that mainly include age, gender, sys-
tolic blood pressure, cholesterol, smoking status, prior
documented CAD, moderate to severe chronic kidney
disease, and diabetes mellitus - therefore a part of the
patients remain underestimated.

So, it is not surprising that the association of
CV risk factors with the incidence of endothelial
disfunction (ED), left ventricular diastolic dysfunc-
tion (LVDD), CAD, and heart failure (HF) has been

extensively investigated in recent decades (Fig. 1), and
the main conclusion of the studies to date is that a
comprehensive non-invasive bio signature, containing
biomarkers and integrated non-invasive imaging can

serve as a potential tool in early diagnosis and progno-
sis of CV risk (12,13).

Endothelial dysfunction
Pathophysiology

The endothelium is an unicellular layer that cov-
ers the inner surface of blood vessels, heart valves, and
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numerous body cavities. It is a complex organ with
many autocrine, paracrine and endocrine properties
which influence on vascular tone, fibrinolysis, cell
growth and inflammation. Both, traditional and novel
CV risk factors, including: smoking, aging, hypercho-
lesterolemia, hypertension, hyperglycemia, a family
history of premature atherosclerotic disease, obesity,
elevated C-reactive protein, chronic systemic infec-
tion, menopause and stress are associated with ED,
condition that is responsible for reducing NO bio-
availability (Tab. 1) resulting to oxidative stress injury
and disrupted blood rheology (14).

Today, in the era of the coronavirus disease 2019
pandemic (COVID-19), it is observed that new severe
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) also affects the endothelium in two ways:
directly through the co-factors necessary for the inter-
nalization of SARS-CoV-2 in human host cells which
are expressed on endothelial cells (e.g. angiotensin 2
converting enzyme =ACE2, neuropilin-1 and C-type
lectin transmembrane glycoprotein) and indirectly
causing a cytokine storm. The result is ED, and the
more severely affected the endothelium is, the more
serious the clinical presentation of disease is. Moreo-
ver, serious altered endothelial function increases the
risk of mortality, especially if affected individuals have
comorbidities that are often accompanied by the pre-
existence of chronic endothelial dysfunction (e.g. old
age, diabetes, hypertension and CVD) (15-19).

Impaired NO bioavailability can be the conse-
quence of either a reduced production by endothelial
nitric oxide synthesis (eNOS) or, more frequently, of
an increased breakdown by reactive oxygen species
(ROS) (20,21).

When endothelial cells lose their ability to main-
tain vascular homeostasis, it becomes susceptible to
the invasion of lipids and leukocytes that are respon-
sible for the formation of fatty streaks. If the situation
persists, fatty streaks progress to atheromatous plaque
that can rupture and set the condition for thrombo-
genesis and the vascular occlusion (22).

Diagnosis

Although there are several non-invasive tech-
niques for evaluation of systematic ED, like venous

occlusion pletysmography, peripheral artery tonom-
etry (PAT) and laser Doppler-flowmetry, flow-medi-
ated dilatation (FMD) of brachial artery is considered
as gold standard today (23). This technique consists
in causing forearm ischaemia by inflating a conven-
tional cuft for measuring blood pressure 30 mmHg
above systolic pressure for five minutes, and after that
observes the amount of post ischaemic vasodilatation
by measuring the increase of the basal values of the
brachial artery by high-resolution ultrasonography,
and it is expressed as a percentage. It can also be per-
formed on the radial and femoral arteries (24-26). The
systemic nature of atherosclerosis is reflected by the
close correlation between ED in the forearm and coro-
nary ED that could be induced with infusion of phar-
macological stimuli (e.g. acetylcholine) during invasive

coronary angiography (27).

Left ventricular diastolic dysfunction
Pathophysiology

Left ventricular (LV) cardiac function depends
mainly on the two large myocardial layers — the fibers
of the midwall, which are circumferentially oriented,
and fibers that are localized at subendocardial and epi-
cardial position, which are longitudinally aligned from
tip to base like a double helix configuration. This dis-
tribution allows the LV twist-untwist mechanism dur-
ing systole and diastole (28).

Diastole is the phase of cardiac cycle during which
the myocardium relaxes and ventricle dilates, allowing
filling with blood with adequate pressure - normally 12
mmHg at rest and 15 mmHg during exercise. While
mechanical process of diastole can be divided into only
two phases: active called relaxation and passive called
stiffness (29), physiologically diastole can be divided
into four phases: isovolumic, rapid ventricular fill-
ing, slow ventricular filling and atrial systole. The first
phase consists of isovolumic relaxation, which begins
with the aortic valve closure and ends with the mitral
valve opening when the second diastolic phase begins.
The second phase is characterized by rapid ventricu-
lar filling, which is more pronounced in young healthy
individuals, and this is correlated to the more elastic
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Table 1. Differences between healthy and dysfunctional endothelium

Healthy endothelium Dysfunctional endothelium
1. Vasodilatation 1. Vasoconstriction
NO ET-1
PGI-2 AT-IT
EDHF TXA2
PGH2
ROS
2. Anti-inflammation 2. Inflammation
1L-10 TNF-a
TGF-p IL -1p
IL-6
MCP-1
MIP-1a
ICAM-1
VCAM-1
ELAM-1 (E-selectin)
BMP-4
3. Thrombolysis 3. Thrombosis
NO vWF
PGI-2 PAF
4. Anti-coagulation 4. Coagulation
GAGs/ATIIL TF
TFPI binding sites for coagulation factors and fibrin
Thrombomodulin
EPCR
5. Fibrinolysis 5. Anti-fibrinolysis
t-PA PAI
u-PA TAFI
a plasminogen binding site
PA receptors
Annexin - II
6. Anti-proliferation 6. Proliferation

under normal conditions proliferation is stopped

Heparan sulfate proteoglycans

Integrins

Components of the extracellular matrix
Intracellular signaling molecules

Growth factors: VEGF, FGF, PDGF, TGF
Growth factor receptors

Legend: NO-=nitric oxide; PGI-2=prostacyclin; EDHF=endothelial hyperpolarizing factor; ET-1=endothelin; AT-II=angiotensin
II; TXA-2=tromboxan A2; PGH2=prostaglandin H2; ROS=reactive oxygen species; IL-10=interleukin 10; TGF-p=transforming
growth factor beta; TNF- a=tumor necrosis factor alpha; IL- 1B=interleukin 1 beta; IL-6=interleukin 6; MCP-1=monocyte chemoat-
tractant protein 1; MIP-1o=macrophage inflammatory protein 1 alpha; ICAM-1=intracellular adhesion molecule 1; VCAM-1=vascular
cell adhesion molecule 1; ELAM-1 (or E selectin)=endothelial-leukocyte adhesion molecule 1; BMP-4=bone morphogenetic protein
4; vWF=von Willebrand factor; PAF=platelet activating factor; GAGs/ATIII=glycosaminoglycans/ antithrombin III; TFPI=tissue
factor pathway inhibitor; EPCR=endothelial cell protein C receptor; TF=tissue factor; t-PA=tissue type plasminogen activator;
u-PA=urokinase type plasminogen activator; PA — receptors= plasminogen activator receptors; PAI=plasminogen activator inhib-
itor; ROS=reactive oxygen species; TAFI=thrombin activatable fibrinolysis inhibitor; VEGF=vascular endothelial growth factor;
FGF=fibroblast growth factor; PDGF=platelet-derived growth factor; TGF=tissue growth factor
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expansion of the ventricle. The third phase (diastasis)
extends between the passive and the active filling of
the ventricle, just before atrial contraction. During this
period, filling decreases due to elevation in ventricular
pressure, and therefore the flow from the atria into the
ventricle is significantly reduced or even absent. The
fourth phase is represented by active ventricular fill-
ing during atrial systole, which is more pronounced
in elderly (30,31). Left ventricular diastolic dysfunc-
tion (LVDD) occurs in many different patterns — from
simple slowing of ventricular relaxation, without sig-
nificant hemodynamic consequences (grade 1), to
elevation of LV filling pressures (grade 2) and develop-
ment of pulmonary venous congestion (grade 3) (30).

Myocardial ischemia is the main cause of the slow-
ing of relaxation by reducing adenosine triphosphate
(ATP) production and therefore reducing removal
of calcium from the cytosol (32). Changes in the
cytoskeletal protein (titin), extracellular matrix struc-
ture, imbalance of proteolytic enzymes (such as matrix
metalloproteinase), myocyte hypertrophy, interstitial
fibrosis, renin-angiotensin aldosterone system hyper-
activation, arterial vascular abnormalities (associated
with aging and inflammation) promote increased LV
stiffness (30,33).

Therefore, LVDD is the earliest change common
to many CV diseases and risk factors. Any type of heart
disease leading to structural myocardial disorders,
pericardial effusion (34-36) or abnormalities at the
cellular level that subsequently cause impaired relaxa-
tion and /or increased ventricular stiffness (30,37) will
result in LVDD. Other diseases and conditions that
have been reported in the literature to lead to LVDD
are: age, arterial hypertension, diabetes, obesity, meta-
bolic syndrome, increased sympathetic tone, renal fail-
ure and hyperinsulinemia (30,37,38). The prevalence
of LVDD in the general population is estimated to be
around 25% to 27% (33,38) and tends to worsen with
aging, even in extremely healthy individuals, predis-
posing as a risk factor for HFpEF (12).

Diagnosis
LV catheterization is the gold standard for the

diagnosis of LVDD, but it is not in routine use due
to its invasiveness. Therefore the most commonly

used method for assessing left ventricular diastolic
function (LVDF) in clinical practice is transthoracic
echocardiography (TTE). Two dimensional mode
(2D), pulsed-wave Doppler (PWD) and tissue Dop-
pler imaging (TDI) should be used for comprehensive
assessment of LVDF. The differences between LVDF
and LVDD are complicated because some of param-
eters are affected by aging as well as some of them are
preload-dependent. In 2016, the American Society of
Echocardiography (ASE) and the European Society of
Cardiovascular Imaging (EACVI) published updated
recommendations proposing the main parameters for
evaluation of LVDF (depending on the estimated left
ventricular ejection fraction =LVEF) and their cutoff
values. (Tab. 2).

For patients with preserved LVEF (= 50%)
LVDD is confirmed if three of four parameters
listed in Tab.2 meet cutoff values. Conversely, if the
three of four parameters do not meet the cutoff val-
ues, LVDF is considered to be normal. In a situation
when only two parameters meet the cutoft values,
LVDF is indeterminate and additional parameters
(like isovolumic relaxation time = IVRT, deceleration
time =DT, changes in mitral inflow velocities with
Valsalva maneuver = Valsalva A E/A, color M-mode
flow propagation velocity = CMM Vp, time difference
between atrial reversed flow wave duration and mitral
A duration = a dur — A dur and time interval between
peak R wave in QRS complex and onset of mitral E
velocity subtracted from time interval between QRS
complex and onset of E” velocity = TE-E") are needed
for its evaluation. Patients with reduced LVEF (<50%)
always have LVDD, at least grade 1, so the two main
parameters listed in Tab. 2 help to distinguish LVDD
stage 1 from LVDD stage 2 and 3, in which left atrium
pressure (LAP) is usually elevated. LAP is considered
highly elevated if E/A > 2, and then LVDD grade 3 is
confirmed. If both parameters do not meet cutoff val-
ues for indeterminate LAP, it is considered that LAP
is normal and LVDD grade 1 is confirmed. Otherwise,
additional parameters (average E/E", LAVI and TRV)
are required to assess the LAP and distinguish the
LVDD grade 1 from 2 (31,35).

Although the current recommendations are
focused on TTE, it should be noted that both nuclear
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Table 2. Cutoff values of main parameters for evaluation of left
ventricular diastolic function depending on the estimated left
ventricular ejection fraction

Cutoff values
LVEF = 50%
septal e or <7
lateral e (cm/s) <10
average E/e >14
LAVI (mL/m?) >34
TRV (m/s) >2.8
LVEF < 50%
E/A > 0.8 and < 2 (indeterminate
LAP)>2(11 LAP)
E (cm/s) > 50 (indeterminate LAP)

Legend: E= early diastolic transmitral flow velocity; E’=
early diastolic myocardial tissue velocity; E/A= ratio of early to
late diastolic filling velocity, LAVI= left atrium volume index;
TRV= tricuspid regurgitation velocity

scans and cardiac magnetic resonance (CMR) can be
used to evaluate LV filling rates and volumes also (35).

When resting TTE does not explain the symp-
toms of HF or dyspnea, especially with exertion,
stress echocardiography (SE) is indicated. It is best
performed using supine bike protocol, or as a part of
exercise treadmill testing using 2D and Doppler data at
baseline and early recovery, and not using dobutamine,
as the administration of the drug does not simulate the
day-to-day physiologic stress. When the indications
for SE are chest pain or dyspnea, considered as equiv-
alent of angina, in patients with known or suspected
CAD, it is important to prioritize the collection of 2D
images for wall motion abnormalities (WMAs). As to
the results, the test is considered definitely abnormal
indicating LVDD when all of the following three con-
ditions are met: average E/E ratio > 14 or septal E/E
ratio > 15 with exercise, TRV > 2,8 m/sec with exercise
and septal E velocity < 7 cm/sec or, if only lateral veloc-
ity is acquired, lateral E < 10 cm/sec at baseline. It has
been demonstrated that increased LV filling pressure
(demonstrated by E/E ratio) with exercise has incre-
mental prognostic power according to clinical parame-
ters, as well as 2D findings of myocardial ischemia (35).

Furthermore, there are some novel indices for

better estimation of LVDF like LV global longitudinal

strain (GLS), LV GLS rate, LV untwisting rate, left
atrial (LA) systolic strain and mean wedge, which
appears to be a promising variable, especially in dis-
tinguishing patients with HFpEF from those without
HF (35).

Asymptomatic versus symptomatic LVDD and its
progression to HF

Taking into account the symptoms and signs,
LVDD in clinical practice can be asymptomatic or
symptomatic. Asymptomatic LVDD (ALVDD), also
called pre-clinical diastolic dysfunction, is character-
ized by presence of LV hypertrophy (LVH) identified
by electrocardiography and TTE abnormalities, men-
tioned before, with LVEF > 50%, and without HF
symptoms and signs. Patients with ALVDD become
symptomatic when LV end diastolic pressure increases.
Symptomatic LVDD involves symptoms and signs of
HF such as breathlessness, orthopnoea, paroxysmal
nocturnal dyspnea, reduced exercise tolerance, fatigue,
tiredness, increased time to recovery, ankle swelling,
elevated jugular venous pressure, hepatojugular reflux,
third heart sound called gallop rhythm and laterally
displaced apical impulse.

Based on the measurement of LVEF, HF can be
divided into: 1. HF with preserved (LVEF 250%) =
HFpEF , 2. HF with reduced (LVEF <40%) = HFrEF
and 3. HF with mid-range LVEF (in the range of
40-49%) = HFmrEF. Although the diagnosis of
HEFrEF can be made in the presence of specific symp-
toms and signs of HF with a calculated LVEF <40%,
the diagnosis of HFmrEF and HFpEF is more chal-
lenging and, beside presence of LVDD, it requires
also the increased plasma levels of natriuretic peptides
(NPs): 1. B - type NP (BNP) > 35 pg/mL or 2. N ter-
minal- proBNP (NT-proBNP) >125 pg/mL, with or
without LVH and LA enlargement as sign of increased
filling pressures (39). Although significant proportion
of those with ALVDD would develop HFpEF, some
of them will progress to HFmrEF or HFrEF, while
the rest will not progress at all, and the risk of progres-
sion to different types of symptomatic HF depends of
underlying etiology, cardiovascular comorbidities and
noncardiac risk factors such as renal impairment, pul-
monary airflow limitation and anemia (36).
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Microcirculation and cell signaling pathways as a
novel bridge in understanding association between

ED and LVDD in development of CAD and HF

Although many studies supported evidence of
association between ED (diagnosed by FMD) and
CV events in patients without and with prior CAD
(40-42), some of them reported impressive overall net
correct risk re-classification with addition of FMD to
Framingham risk score (FRS) also (40), which was
particularly pronounced in low-risk populations (41).

In the last two decades there were also several
studies which investigate relationship between ED
(based on FMD), HFrEF and HFpEF. Although
there was no doubt that HFrEF caused by obstruc-
tive CAD (determined by coronary angiography)
was associated with ED, the association of HFrEF
caused by non-obstructive CAD and ED was confus-
ing (43,44). Contrary, in the studies which examined
the association between HFpEF and ED (45,46), the
main conclusion was that ED may contribute to the
pathogenesis and maintenance of HFpEF, and, what
was more important, that HFpEF patients had high
prevalence of CMD (determined by coronary flow
reserve =CFR) - even 75% (46).

Recently it has become known that LVDD occurs
early in the ischemic cascade among patients with
CMD (47) and that plasma levels of NPs, in addi-
tion to diagnosis of HF, play an important role in the
prevention of both HF and adverse CV events (48).
Moreover, it has become clear that microcirculation
and CMD are novel bridge in understanding asso-
ciation between LVDD and ED in development of
HF, predominantly with preserved ejection fraction
(47,49).

In 2013 Paulus et Tschope described a Novel
Paradigm for HFpEF (50) which presumes the fol-
lowing sequence of events: a high prevalence of
CV risk factors induce a systemic proinflammatory
state which leads to development of ED in coronary
microcirculation. Impairment of NO bioavailability
reduces cyclic guanosine monophosphate (cGMP)
content and protein kinase G (PKG) activity in adja-
cent cardiomyocytes. Low PKG activity favors hyper-
trophy development and increases resting tension
because of hypophosphorylation of titin. Both stiff

cardiomyocytes and interstitial fibrosis contribute to
high diastolic LV stiffness and HF development (Fig.
2).

So, it became clear that myocardial remodeling in
HFpEF differs from HFrEF, in which remodeling is
driven by loss of cardiomyocytes due to cell death as
a results from ischemia, infection, or toxicity (50-53).

In 2019 Giannitsi et al (23) summarize knowl-
edge of ED role in the pathogenesis and progression
of HF. They discribed that in chronic HF patients
culminates endothelial shear stress which stimulates
eNOS expression. When eNOS expression is down-
regulated, less NO is produced and vasoconstriction
appears which furthermore reduces peripheral tissue
and myocardial perfusion, reduces coronary flow and
worsens ventricular function. Moreover, neurohor-
monal activation, release of inflammatory messengers
such as prostaglandins, catecholamines and altered
local shear stress due to low cardiac output, modulate
gene expression and promote atherogenesis, increasing
oxidative stress. The result is a decrease in NO bio-
availability and a consequent progression of HF from
the asymptomatic to the symptomatic phase, charac-
terized by fluid retention, blood centralization, and
clinical decompensation.

Because function of microcirculation wasn 't avai-
ble to be determined by standard coronary angiogra-
phy, there are several new non-invasive and invasive
approaches for it’s evaluation. Non-invasive tech-
niques include dynamic myocardial perfusion CT, pos-
itron emission tomography (PET), cardiac magnetic
resonance (CMR) and Doppler echocardiography of
the left anterior descending (LAD) coronary artery
(which is diflicult to be performed and give limited
information). These diagnostic tests rely on interro-
gation of coronary vasomotor function by measuring
regional and global myocardial blood flow (MBF) at
rest and during stress, microvascular resistance, and
CFR. Invasive techniques include invasive coronary
flow reserve (iCFR), measuring index of microvascular
resistance (IMR), fractional flow reserve (FFR) and
instantaneous wave-free ratio (iFR) (54,55).
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Figure 2. Pathophysiology of HF
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Legend: CV risk factors stimulate ROS production and reduce the bioavailability of NO in the coronary arteries (both
macro- and microcirculation). Impaired NO bioavailability decreases cGMP content and PKG activity in adjacent cardio-
myocytes, leading to increased resting tension, development of LVH and LVDD, and BNP release. BNP= brain natriu-
retic peptide; cGMP= cyclic guanosine monophosphate; CV= cardiovascular; ED=endothelial dysfunction; HFmrEF=heart
failure with mid-range ejection fraction; HFpEF=heart failure with preserve ejection fraction; HFrEF=heart failure with
reduce ejection fraction; LVDD=left ventricular diastolic dysfunction; LVH=left ventricular hypertrophy; NO=nitric oxide;
PGK=protein kinase G; ROS= reactive oxygen species; sGC= soluble guanilil cyclase.

The role of biomarkers

Although there are many biomarkers of HF
which were investigated in the last decades (56), only
NPs are established in guidelines as a biomarkers of
HF, till now (36). In recent studies values of NPs
have been confirmed in screening and prevention of
HF and CAD also (48,57, 58). Gallagher et al (48)
reported that NPs are effective in refining risk predic-
tion for HF and CAD and add predictive power to

conventional risk factors. They based their conclusion
mainly on two randomized clinical trials (57,58) that
have shown NP-based screening and targeted preven-
tion can reduce HF, LV dysfunction and other major
adverse cardiovascular events (MACE). Another
large meta analysis (59) which included 40 prospec-
tive cohorts with 95,617 participants without known
CAD at the time of NT-proBNP measurement,
shown that NT-proBNP strongly predicted first-onset
HF, CAD and stroke, suggesting that NT-proBNP
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concentration assessment could be used to integrate
HF into CAD primary prevention. Their ability to
be measured rapidly through blood tests makes their
widespread use more practical. They may also aid in
the detection of a disease at an earlier stage before
structural and functional changes become apparent on
imaging, which allows time for intervention.

So far, many ED associated biomarkers have been
identified (60), but the most popular of them (23) like
asymmetrical dimethylarginine (ADMA), oxidized
low density lipoprotein (oxLDL), endothelial micro-
particles (EMPs), endothelial progenitor cells (EPCs)
and endothelial glycocalyx , were also indentified in
CVD and HF (61-67). More interestingly plasma val-
ues of ADMA were compared to the plasma values of
NT-proBNP (68), as well as to LVDD (69) and posi-
tive correlation was confirmed. The explanation is that
ADMA and NT-proBNP have common mechanism
of action via the cyclic guanosine monophosphate
(cGMP) signaling pathway (70).

Discussion

Development of CAD and HF are multifactorial,
partly genetically predetermined and largely acquired.
In the last decades it has become clear that traditional
risk factors and conventional methods of assessing the
risk of future CV events have no longer been specific
and sensitive enough, especially in the group consid-
ered to be low-risk so far. LVDD is the earliest change
common to CAD, HF, as well as to CV risk factors,
and it tends to worsen with aging, even in extremely
healthy individuals. Therefore, it is difficult to distin-
guish asymptomatic from symptomatic LVDD, and
even more difficult to determine the underlying cause
of it in otherwise structurally normal heart. By includ-
ing ED and CMD, as a new diagnosis which refers
to cardiac microcirculation, in solving this problem,
we got the answer to a part of the question. Indeed,
it is the acute event of CMD that explains the sud-
den increase in the prevalence of INOCA, with more
frequent atypical clinical presentation and worse prog-
nosis. The chronic manifestation of CMD could be
partly responsible for the increased incidence of HF,

predominantly HFpEF. Only with the introduction of

new diagnostic methods such as CFR, the function of
coronary microcirculation becomes measurable.

Conclusion

New researches in this area are oriented to
plasma biomarkers of HF and ED that could better
predict progress of LVDD and ED in CAD and HF
over time. Although there are several plasma bio-
markers of HF and ED, some of which have great
potential in elucidating this issue, a further research
is needed, not only for diagnosis and risk assessment,
but also because microvascular dysfunction may be a
promising therapeutic target, especially in HFpEF.
As we live in a COVID-19 pandemic, the biomarkers
of ED and HF, as well as non-invasive imaging, are
likely to be of interest to researchers in the coming
years to monitor recovered patients and determine

possible lasting effects of COVID-19-induced ED
on the CV system.
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