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Abstract

Arterial hypertension represents an important risk factor for the development of cardiac, vascular and renal events, pre-
disposing to heart failure, acute coronary syndromes, peripheral artery disease, stroke, and chronic renal disease. Arterial
hypertension leads to the development of subclinical hypertension mediated organ damage (HMOD) which has prognostic
relevance and may influence the choice of treatment options. Alterations of cardiac structure and function represent the more
widely assessed form of HMOD. This manuscript will focus on the diagnostic opportunities, prognostic significance and

treatment of diastolic dysfunction alterations
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1 Introduction

Diastolic dysfunction is defined as an alteration of left ven-
tricular diastolic filling, due to a decrease of myocardial
relaxation and to an increase in LV stiffness. It is highly
prevalent in the aging population and in patients with hyper-
tension, diabetes and coronary artery disease. Multiple
mechanisms may influence the development of myocardial
relaxation and fibrosis, including structural and functional
changes of coronary microcirculation, even in the absence
of LVH or systolic dysfunction. Despite the increasing
availability and accuracy of imaging techniques, the diag-
nosis of diastolic dysfunction remains challenging. In the
future multimodality imaging, possibly in combination
with biomarkers, will better detect and define the presence
of diastolic dysfunction. LV diastolic dysfunction (LVDD)
is recognized as a predictor of cardiovascular (CV) events,
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and in particular of heart failure (HF). The improvement of
LVDD has been observed during antihypertensive treatment,
although the favourable effect of blood pressure (BP) con-
trol and of specific classes of antihypertensive drugs treat-
ment on LVDD improvement should be better addressed in
future studies. In addition it remains to be defined whether
improvement in diastolic dysfunction “per se” may carry a
better CV outcome in hypertensive patients.

2 Diagnosis

Echo-Doppler echocardiography is the most simple and at
the same time accurate technique for the investigation of
cardiac and vascular remodeling and diastolic dysfunction
[1,2].

The recent guidelines of the European Society of Hyper-
tension (ESH) and of the European Society of Cardiology
(ESC) [3] include echocardiography among the recom-
mended methods to be considered in hypertensive patients.

Echocardiography is a relatively easy method, is repeat-
able, is specific and more sensitive measure of left ventricu-
lar hypertrophy (LVH) than electrocardiography although
more expensive than electrocardiography. Echocardiography
provides additional information on cardiac function includ-
ing systolic, diastolic functions and cardiac mechanics. In
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addition, it can be performed before starting antihyperten-
sive therapy, but also during treatment [4].

Other advanced imaging methods, including speckle
tracking, three-dimensional (3D) echocardiography, cardiac
magnetic resonance imaging (CMR), computed tomography
(CT) and PET-computed tomography (PET-CT), can further
improve the early detection of changes in the myocardium
and in the coronary circulation induced by pressure overload
[5, 6].

In hypertensive patients, diastolic dysfunction is charac-
terized by the impairment of left ventricular (LV) relaxation
and filling and by the increase in LV stiffness [7].

LVDD may precede abnormalities of systolic function [8§]
and develops several years before the onset of symptomatic
HF [9].

The assessment of echocardiographic Doppler transmi-
tral flow velocities was initially proposed for the evalua-
tion of LV diastolic function in asymptomatic hypertensive
patients [10]. The influence of several factors such as age,
gender, heart rate and BP values on transmitral flow veloci-
ties have been extensively evaluated, in order to assess the
technical variability of Doppler flow velocities changes.

Transmitral flow velocities, evaluated by Doppler echo-
cardiography, reflect LV early filling (E wave velocity) as
well as atrial contraction and emptying (A wave velocity).
Three patterns of transmitral flow velocities can be recog-
nized, representing progressive worsening of diastolic LV
filling: (a) “slowed relaxation”, with a reversed E/A ratio,
slowed deceleration time and increased isovolumic relaxa-
tion time; (b) “pseudonormalization”, with a preserved
ratio E/A, but a shortened deceleration time due to abnor-
malities of both relaxation and compliance (analysis of the
pulmonary venous filling patterns may be indicated to this
regard); (c) “restrictive pattern” with an increase of E/A
ratio (> 1.5-2) associated to a very abrupt deceleration time,
suggestive of an elevated atrial pressure.

A systematic analysis performed by Aurigemma et al [11]
indicated that even when the acquisition and interpretation
of ultrasound images is performed by skilled and expert spe-
cialists, the assignment of LV filling patterns is not possible
in up to one-third of patients. An improvement in the study
of LV diastolic function has been provided by the simultane-
ous assessment of Doppler trans-mitral flow velocities and
by pulsed Doppler tissue imaging (DTT).

The analysis of myocardial velocities at the mitral annu-
lus may reveal an increase in LV filling pressure; in respect
to Doppler trans-mitral flow velocities, DTI velocities show
no ‘‘pseudonormalization’” pattern [12, 13]. The average
value of DTI velocities at the septal and lateral sides of the
mitral annulus should be used for the assessment of global
LV diastolic function. The E/e’ ratio represents a reliable
estimate of LV filling pressures, and different cut-off val-
ues have been proposed for the definition of normal or
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progressively higher LV filling pressure. E/e’ ratio > 14
indicates a severe increase in LV filling pressure [1, 2]. E/e’
ratio may be measured in patients in sinus rhythm, but also
in the presence of atrial fibrillation [1].

The tricuspid valve (TV) regurgitation peak velocity
(assessed from multiple windows in order to measure the
highest velocity) is used to calculate pulmonary artery sys-
tolic pressure (PAPs) [1, 2].

Left atrial (LA) size is a further parameter to be assessed
in the evaluation of diastolic function [14]. An accurate
measurement of LA size should be an integral part of the
standard echocardiogram in hypertensive patients. LA
enlargement may reflect the increase in LV filling pres-
sure; in patients with preserved systolic function, it may be
a marker of diastolic dysfunction and is predictive of an
increased risk of atrial fibrillation, stroke, HF and mortality.
This has been shown by the measurement of LA anteroposte-
rior linear dimension by M-mode from the parasternal long
axis view and by the more accurate evaluation of LA volume
from 2D images [1, 2, 6]. The measurement of LA volume
is recommended both in clinical practice and in research
studies and most guidelines recommend the biplane area-
length method. The EAE/ASE guidelines recommend a cut
off value of > 34 ml/m? for LA enlargement [1, 2]. The
2018 ESH/ESC Guidelines for the management of arterial
hypertension [3] recommend the indexation of LA volume
by the height and indicate different cut off values in men
(> 18.5 mL/m?) and women (> 16.5 mL/m?), according to
Kuznetsova et al [15].

Compared to the conventional 2-dimensional approach,
3D echocardiography appears superior in the assessment of
LA volume; at present, however, this application is limited
to research studies. Current software packages used to quan-
tify LV size and function may provide volume-time curves
and show the dynamic LV volume change throughout the
cardiac cycle; by the examination of the diastolic part of
these curves, several indices of LV filling may be measured
to differentiate patients with normal LV diastolic function
from patients with different degrees of diastolic dysfunction.
The same consideration applies to several other parameters
of LA function, based on 2D- or 3D-measures, conventional
and tissue Doppler or strain rate imaging [16, 17].

LA reservoir and conduit function are assessed by volu-
metric and strain analysis and have been reported to be sig-
nificantly impaired in hypertensive patients as compared to
normotensive controls.

Some authors have found that all LA functions are
reduced in hypertensive patients, whereas other investiga-
tors reported decreased conduit and enhanced LA reservoir
and pump function [17]. High values of LA pump strain
identified normal LV filling pressure with good accuracy in
patients with normal systolic function.
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According to Sitges et al. [18] LV global longitudinal
strain and LA strain have been more frequently selected
among the proposed additional parameters to assess LV
systolic and diastolic function and their use is considered
particularly in the “indeterminate diastolic function™ group
patients or in patients with other clinical diseases such as
atrial fibrillation and mitral regurgitation.

LA reservoir strain has been included in echocardio-
graphic estimation of LV filling pressure in the latest guide-
lines for multimodality evaluation of HF with preserved
ejection fraction (HFpEF) [19].

In conclusion, a comprehensive echocardiographic evalu-
ation of LV filling uses measurements of Doppler mitral
inflow (and pulmonary venous flow), of tissue Doppler early
diastolic mitral annular velocities, of peak velocity of tricus-
pid valve regurgitation, and of LA size (Table 1) [20].

3 Prevalence and Determinants

The reported prevalence of LVDD varies from 12 to 84%.
This wide range of prevalence is due to the use of different
recommendations [11] and methodological approaches to
grade LV diastolic function using echocardiographic indexes
in patients or cohorts’ individuals with different clinical
characteristics [21].

In consideration of the influence that several factors, such
as gender, body mass index, heart rate and BP, and in par-
ticular age, may exert on Doppler flow velocities, Klein et al

assessed normal values for Doppler parameters according to
age groups in a relatively small sample of 117 subjects [22].

In addition, the use of different standardized approaches
may identify a different number of patients with normal,
impaired or indeterminate diastolic function, as reported
by Almeida J et al [23). These authors compared the rec-
ommendations of the American Society of Echocardiogra-
phy (ASE) and European Association of Echocardiography
(EAE) in 2009 and the second set of recommendations of the
ASE and EACVI published in 2016. In this analysis, the use
of the ASE/EACVI 2016 algorithm was associated with an
increase in prevalence of patients with unclassifiable dias-
tolic function from 5 to 15%.

Diastolic dysfunction is typically observed in patients
with hypertension, mainly in the presence of LV hypertro-
phy (LVH) [24] or concentric geometry [25] and in patients
with coronary artery disease.

In fact, in patients with LV hypertrophy or remodelling,
LV relaxation is usually slowed, with a decrease in early
diastolic filling; in the presence of normal LA pressure, a
greater proportion of LV filling is shifted from early to late
diastole after atrial contraction. LVDD can also occur in
other various different clinical disorders, with a particularly
high prevalence in the elderly [25, 26].

More interestingly, the prevalence of abnormal relaxa-
tion (and of low systolic myocardial function) is greater in
patients with inappropriate LV mass, suggesting that this
condition may represent an accelerated phase of transition
from compensatory LVH towards HF [27, 28].

Table 1 Echocardiographic parameters for diastolic dysfunction evaluation

Normality reference values are derived from the ASE Committee Recommendations and ESH/ESC guidelines

Transmitral flow
Peak E velocity, cm/s
Peak A velocity, cm/s

E/A ratio, under quiet breathing and if necessary during Valsalva maneuver

E wave deceleration time, ms

LV isovolumic relaxation time, ms
Tricuspidal flow

Peak tricuspidal regurgitation velocity m/s
Tissue Doppler imaging

e’ septal, cm/s

e’ lateral, cm/s

E/e’ ratio (septal and lateral averaged)

LV ejection fraction, % > 55

Left atrial diameter, cm (normal values < 3.9 in women,< 4.1 in men)

Left atrial volume indexed by BSA, ml/m? (normal if < 34 ml/m?,according to ESH/ESC or < 29 ml/m?. according to ASE)
Left atrial volume indexed by height (men > 18.5 mL/m? and women > 16.5 mL/m?)

BSA body surface area, LA left atrium, ESH/ESC European Society Hypertension/ European Society Cardiology, ASE American Society

Echocardiography
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According to ASE/EACVI 2016 guidelines, the indi-
cators of myocardial disease embody the presence of
abnormal LV structure and/or systolic function (includ-
ing more subtle parameters of systolic function such as
global longitudinal strain), the presence of LA enlarge-
ment, the presence of coronary artery disease and/or of
multiple wall motion abnormalities. The identification of
a myocardial disease translates in a higher incidence of
diastolic dysfunction, which in all these circumstances
may be diagnosed only based on mitral inflow and mitral
annulus diastolic velocities as shown recently by Sorren-
tino et al [29].

Few studies have observed that, in the presence of dias-
tolic dysfunction, systolic function, although normal at
rest, is proportionally impaired during stress [30, 31].

A gender-related difference in normal cardiac adapta-
tion to physical activity has been observed, suggesting that
impaired diastolic relaxation should have a larger impact
on exercise capacity in hypertensive female with LVH than
in men [32]. This is in accordance with recent reports that
identify elderly women as those most candidate for HFpEF
[33].

The role of renin angiotensin system on diastolic func-
tion has been extensively evaluated in patients with sec-
ondary hypertension (primary aldosteronism and renovas-
cular hypertension) and in essential hypertensive patients
[34]. Aldosterone exerts pro-fibrotic effects directly
stimulating cardiac myocytes and fibroblast proliferation,
promoting the expression pro-fibrotic molecules such as
transforming growth factor-f1 (TDGF- B1) and endothe-
lin-1 (ET-1) [35].

Aldosterone mediated cardiac organ damage includes
impaired LV relaxation, evaluated by either tissue Doppler
imaging or speckle-tracking echocardiography. Impaired
LV relaxation results in diastolic dysfunction, reflected by a
lower e’ and a higher E/e' ratio in patients with PA compared
with those affected by essential hypertension [36, 37].

In a recent study, renin-independent aldosterone produc-
tion was associated with alterations of cardiac structure and
diastolic function, as assessed among the participants to the
ARIC (the Atherosclerosis Risk in Communities Study)
cohort. Renin suppression was associated with greater LV
mass, LV volumes, LA volume index, and a lower E/A ratio
(adjusted P < 0.001 for all), while higher aldosterone was
associated with greater LV mass, lower global longitudinal
strain and lateral E' [38].

The role of sympathetic nervous system activation on
diastolic function impairment has been highlighted by the
evaluation of patients with pheochromocytoma/paraganglio-
mas (PPGLs). Impaired baseline values in several parame-
ters of diastolic function (e.g., E/A ratio, e’ velocity, and E/e’
ratio) and improvements after curative resection of PPGLs
have been observed in some but not in all studies. In a recent
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meta-analysis of echocardiographic studies in patients with
different types of secondary hypertension, LV diastolic func-
tion was not impaired [39]. Controversial data are confirmed
when cardiac magnetic resonance was performed in patients
with PPGLs [39].

In addition, obesity, diabetes, dietary intake, inducing
myocardial and epicardial steatosis and alterations in myo-
cardial fatty acid metabolism, can affect diastolic function,
with some sex-related physiological differences [40—43].

4 Prognostic Significance

The presence of LVDD is a potential precursor to CV
events, particularly in hypertensive patients.

A significant increase in cardiac mortality and in car-
diovascular morbidity and mortality, was associated with
changes of the E/A ratio in 2 large cohort of hypertensive
patients independently of LV mass and of ambulatory BP
[44, 45].

Data from the Olmsted county epidemiological study
indicate that the grading suggested by the EAE/ASE rec-
ommendations is an important predictor of all-cause mor-
tality [46].

In hypertensive patients at high CV risk participating
into the ASCOT (Anglo-Scandinavian Cardiac Outcomes
Trial) echocardiographic sub-study, E/e’ ratio was the
strongest predictor of first cardiac events, independent of
LVM and geometry [47].

The prognostic significance of progressive impairment
of LV relaxation and filling, defined including the meas-
urements of TDI parameters [48], was confirmed in the
prediction of HF [49] and of all-cause mortality [50].

In a cohort of Chinese hypertensive patients, assessed
for a mean follow-up of 5.4 years, LVDD was a stronger
predictor of MACE (HR: 2.5; 95% CI: 1.20 to 5.25;
c- statistics 0.805) than E/e’ ratio (HR: 1.13; 95% CI: 1.04
to 1.22) [51] in multivariable Cox regression analyses.

Other studies, taking into account the presence of LVH
and/or concentric remodeling, have shown that the prog-
nostic significance of LVDD, as defined by the E/A ratio
[52] or by the ASE/EACVI 2016 recommendations [53] is
lost, when other confounders, and in particular LV mass,
are considered.

More over the role of diastolic heart dysfunction as a
novel risk factor for chronic kidney disease (CKD) was
suggested by the results of the KNOW-CKD (Korean
Cohort Study for Outcome in Patients with Chronic Kid-
ney Disease). In patients with non-dialysis renal failure,
the increment of early diastolic mitral inflow velocity/early
diastolic mitral annulus velocity ratio (E/e’ ratio) was asso-
ciated to the risk of CKD progression [54].
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Very recently, Inciardi et al have assessed LA struc-
ture (LA maximal and minimal volume indexed by body
surface area) and function (LA emptying fraction, LA
reservoir, conduit, and contraction strain) in almost 5000
participants to the ARIC (Atherosclerosis Risk In Commu-
nities) study (mean age 75 + 5 years, 81% hypertensive)
without prevalent HF. It was shown that LA measures were
associated with NT-proBNP values and were prognostic
for both incident HFpEF or death and incident HF with
reduced ejection fraction or death [55].

5 Effect of Treatment

Guidelines indicate that the choice of antihypertensive
therapy should be based on patients’ target organ dam-
age and/or comorbidities such as coronary artery disease
or diabetes. The effect of antihypertensive treatment on
diastolic function has been evaluated in several studies,
although the clinical significance remains to be established
[56]. In addition, in most cases, a combination strategy for
antihypertensive therapy may be necessary to target differ-
ing mechanisms of diastolic dysfunction [3].

Diastolic dysfunction and LA dilatation exhibit a rela-
tionship with BP and the decrease of BP values should
improve “per se” diastolic function. Accordingly, the
intensity of antihypertensive therapy and the achievement
of BP control to a lower threshold could impact cardiac
structure and function. Solomon et al showed that a more
pronounced reduction of BP values by treatment with an
ACE-inhibitor/calcium channel blocker combination was
associated with a parallel improvement in E transmitral
flow velocity [57].

Chen et al compared hypertensive patients with target
BP between 110 and 130 mmHg (intensive group) and
with BP threshold between 130 and 150 mmHg (standard
group). At 1 year, no significant difference in conventional
echocardiographic parameters of LV systolic function or
LV structure was observed but an improved E/e’ ratio and
global longitudinal strain in the intensive group was found
[58]. On the opposite, the results of the SPRINT-HEART
study suggest that antihypertensive treatment has a clear
beneficial effect on LV structural and functional abnor-
malities, and the improvement in global longitudinal strain
was mainly related to the reduction in LV mass index
rather than to the achieved level of SBP [59].

Several studies have reported an improvement of dias-
tolic function parameters (and of midwall FS) in response
to antihypertensive therapy [60, 61]. Among all these
studies two have shown no favorable changes in diastolic
filling or E/e’ ratio, despite adequate BP control; in these
studies, however, a limited, despite statistically significant,

decrease of LVM and no change in RWT were noted [62,
63].

Some investigations using speckle tracking echocardi-
ography reported significant improvement of parameters
of LV diastolic function, as well as of subclinical sys-
tolic dysfunction (measured by the LV global longitudinal
strain) in hypertensive patients followed 6 and 12 months,
respectively, after introduction of antihypertensive therapy.
Therefore a mild deterioration of LV function seems to be
reversible with appropriate and timely prescribed therapy
[64, 65]. All studies that used speckle-tracking echocar-
diography have been recently reviewed by Tadic et al in a
meta-analysis [39]. The average E/e' ratio was significantly
reduced by treatment from 8.6 + 0.4 at baseline to 8.1 +
0.4 at the end of follow-up period (P < 0.0001), although
some differences were observed among the 7 examined
studies. In more detail, one study evaluating the effect of
two different calcium-channel blockers (azelnidipine and
amlodipine) demonstrated no significant improvement in
LV structure and diastolic function (LV mass index and
E/e’) after treatment [66], while an improvement in LV
mass index and global longitudinal strain, but not E/e’ was
observed when treatment with two different combinations
of an ACE inhibitor and a diuretic (trandolapril/ hydro-
chlorothiazide or trandolapril/indapamide) were compared
in hypertensive and diabetic patients [67].

It is possible that the partial dissociation between struc-
tural and functional changes during antihypertensive treat-
ment reflect, at least in part, the effect of treatment on several
factors influencing diastolic function, including heart rate,
humoral changes and extracellular matrix composition.

Myocardial interstitial fibrosis may contribute to LVDD
and HF with preserved LV ejection fraction by directly
increasing LV stiffness and impairing LV filling during
early diastole. The deposition of perivascular and interstitial
fibrosis has been evaluated by some non-invasive ultrasound
methods, showing that drugs interfering with the renin-angi-
otensin-aldosterone system may be particularly effective in
inducing changes that might reflect a decrease of myocar-
dial tissue collagen content [68]. More recently, accurate
and non-invasive assessment of regional myocardial fibrosis
may be obtained by cardiac magnetic resonance using late
Gadolinium enhancement, and diffuse interstitial myocardial
fibrosis may be assessed with post-contrast T1 mapping [69].
However, the studies using CMR have included patients
with hypertensive heart disease. Biochemical markers of
collagen synthesis and degradation have been proposed for
the evaluation of myocardial fibrosis as reviewed [70]. The
main limitation to the use these circulating biomarkers on
a wider clinical ground is that they may reflect fibrosis in
other organs or tissues of the body, lacking of specificity for
the myocardium.
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Fig.1 Recommendations from
European Association of Car-
diovascular Imaging (EACVI)
and the American Society of
Echocardiography (ASE) for LV
diastolic function evaluation.
(Redrawn from [2] and [3])

Step 1
Diagnosis of
LV diastolic dysfunction

< 2 criteria

Normal LV
diastolic function

Step 2
Grading of
LV diastolic dysfunction

E/A<0.8 and
E <50 cm/sec

< 2 criteria

Grade |
diastolic dysfunction

In addition to pharmacological treatment, it has been
demonstrated that renal denervation may be associated to
reversal of diastolic dysfunction, as assessed by echocardi-
ography [71] or CMR [72, 73], with favorable changes in
extracellular collagen volume in only one study [72].

More recent investigations have focused on systolic
and diastolic function changes during chronic treatment
with glucagon-like peptide-1 receptor agonists (GLP-1Ra)
and sodium glucose transporter 2 inhibitors (SGLT-21i) in
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Transthoracic echocardiography

Ele' > 14
LAVi > 34 ml/m2
Septal €' < 7 cm/sec or
Lateral e’ < 10 cm/sec
Peak TR velocity > 2.8 m/sec

2 criteria > 2 criteria

LV diastolic
dysfunction

Indeterminate
group

LV diastolic
dysfunction

Mitral inflow assessment

E/A<0.8 and
E > 50 cm/sec or
E/A09-19

E/AZ22

Further criteria:
Ele’ >14
LAVi > 34 mI/m2
Peak TR velocity > 2.8 m/sec

2 2 criteria

Grade Il
diastolic dysfunction

Grade llI
diastolic dysfunction

subjects with diabetes with and without HF. Chronic treat-
ment with liraglutide in T2D subjects without established
CV disease improved diastolic function by reducing filling
pressures by 20% (reduced E-wave and E/e’ ratio), possibly
related to the decrease in body mass index (BMI) but not of
BP [74, 75].

Diastolic function improvement during treatment with
SGLT-2i was assessed in patients with diabetes mellitus type
2 and HF and/or coronary artery disease. An improvement
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around 10-15% was shown, similar among all studies,
although more pronounced in patients with lower ejection
fraction [76].

In conclusion during effective antihypertensive treatment
modifications of LV and atrial structure and function may
be observed, and the independent role of BP control, of LV
mass and geometry and LA dimensions on changes of dif-
ferent diastolic dysfunction parameters remains difficult to
establish.

6 Conclusions

LV diastolic dysfunction is highly prevalent in the aging
population and hypertensive patients. Multiple mechanisms
may have a role in influencing the development of myocar-
dial dysfunction (relaxation) and fibrosis, including struc-
tural and functional changes of coronary microcirculation,
even in the absence of LVH or systolic dysfunction. Multi-
modality imaging, possibly in combination with biomark-
ers, will better detect and define the presence of diastolic
dysfunction. The favourable effect of BP control and antihy-
pertensive drugs treatment on LVDD improvement should
be addressed in future studies, possibly defining whether
improvements in diastolic dysfunction may carry a better
cardiovascular outcome in hypertensive patients (see Fig. 1).
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