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Highlights of imaging heart structure and function

This issue of Acta Cardiologica is dedicate to imaging heart
structure and function. Over the past few decades, we have
witnessed a huge expansion in the arsenal of non-invasive
imaging technologies capable of providing detailed infor-
mation about the structure and function of the heart and
vasculature. Cardiovascular imaging has thus become
essential to achieving a better understanding of cardiovas-
cular diseases. The use of imaging in clinical practice varies,
mainly depending on the local availability of technology,
expertise and funds and clinician’s choice [1-5].

Echocardiography is routinely used in the diagnosis,
management, and follow-up of patients with any sus-
pected or known heart diseases. Echocardiography is
non-invasive, easy to use and provides high resolution
real-time imaging. Two-dimensional echocardiography
(2DE) is the most standard form of echocardiography.
2DE is particularly useful for the proper assessment of
the morphological and functional properties of the left
ventricle (LV). Three-dimensional echocardiography (3DE)
allows for a more accurate evaluation of left and right
cardiac size and function. In clinical practice echocardiog-
raphy is often complemented by cardiac magnetic reson-
ance, cardiac computed tomography (CT), nuclear
cardiology (single-photon emission tomography and posi-
tron emission tomography) to improve patient care [5-7].

Cardiovascular disease and cancer represent the two
main causes of death in industrialised countries. In cancer
patients, multimodality cardiac imaging is of paramount
for the pre-therapy screening and risk stratification, as
well as during therapy surveillance of cancer treatment-
related cardiotoxicity [8]. Multiple imaging tools are also
employed in the evaluation of cardiac masses [9-11] and
to detect occult cancer as associated with cardiac and
vascular diseases (e.g. atrial fibrillation, superficial or deep
venous thromboembolism, pulmonary embolism, splanch-
nic vein thrombosis and infective endocarditis) [12].

Integrated multimodality approach is also required for
the evaluation and management of complex congenital
heart disease (Figure 1) [13,14].

Cardiac hypertrophy plays a vital role in cardiac
remodelling. It is a critical stage in the development of
cardiac structure and function from compensation to
decompensation, as well as an independent risk factor
for the increased prevalence and mortality of cardiovas-
cular diseases. Early detection of the causes of cardiac
hypertrophy using multimodality imaging is critical, con-
sidering the availability of the new treatment options in
various cardiomyopathies [15]. In their editorial related to
the paper of Kis et al. Luchian et al. reported that in

56.6% of the cases the aetiology of LV hypertrophy could
be attributed to isolated arterial hypertension, followed
by valvular heart diseases in 10.2% and hypertrophic car-
diomyopathy in 9.2% of the patients [16,17]. Inhibition of
Rho/ROCK signalling pathway related proteins can allevi-
ate LV hypertrophy. In a rat model of myocardial hyper-
trophy, Kou et al. showed that berberine hydrochloride, a
natural plant alkaloid, might inhibit pathological cardiac
hypertrophy by regulating the Rho/ROCK signalling path-
way [18]. Cardiac amyloidosis is a progressive infiltrative
disease that causes myocardial thickening and dysfunc-
tion [2]. Tafamidis, which prevents the deposition of
amyloid by stabilising transthyretin, is available for the
treatment of neuropathy and cardiomyopathy of trans-
thyretin amyloidosis (ATTR-CM). Tafamidis delays myocar-
dial amyloid progression in ATTR-CM patients, resulting
in structural, functional, and clinical benefits compared to
the natural course [15,19]. Cardiac involvement is a major
cause of mortality in sarcoidosis. Both size and function
of the left atrium (LA) are powerful prognostic markers in
a variety of clinical conditions. 3D echocardiography can
better define the complex anatomy of LA with less geo-
metric assumptions than 2D approach. Solmaz et al.
showed that 3D-echocardiography derived LA function
parameters were significantly impaired in patients with
cardiac sarcoidosis [20]. In their editorial commentary,
Asteggiano et al. pointed out that although these data
need to be validated, the analysis of LA function could
be integrated into the diagnostic work-up of patients
with cardiac sarcoidosis [21].

Echocardiographic  strain imaging can quantify
regional and global myocardial function (longitudinal,
radial, circumferential). Today, strain imaging, particularly
global longitudinal strain, is an integral part of our rou-
tine clinical practice. Right ventricular longitudinal strain
(RV-GLS) has recently demonstrated prognostic value in
various cardiovascular diseases. In patients hospitalised
for non-severe COVID-19 pneumonia, RV-GLS has been
shown to improve significantly between acute disease
and six-month after discharge. Interestingly, right atrial
reservoir strain also improved in these patients [22]. RV
myocardial work (MW) is a novel indicator to quantita-
tively analyse RV function. RVMW indices are acquired by
integrating the RV-GLS, pulmonary artery pressures, and
tricuspid and pulmonic valvular events by specific soft-
ware. In their study, Wu et al. assessed the physiological
determinants of RVMW and the reference ranges for nor-
mal RVMW indices in 263 healthy volunteers (median
age: 34 years, males: 38%) (Figure 2) [23].
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Figure 1. Right: 3D reconstruction of the computed tomography angiography of the aortic arch and the descending aorta. Posterior view
of the right-sided aortic arch (RAA) with the origin of the right subclavian artery (RSCA) and the common origin of Kommerell diverticulum
(KD) and the aberrant retro-oesophageal left subclavian artery (LSCA) and the right- (RCA) and left carotid arteries (LCA). DAo: descending
aorta. Left: Barium swallow contrast radiography of the oesophagus showing a posterior oesophageal compression [13] (arrow).
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Figure 2. Tracing the tricuspid regurgitation velocity-time integral; (B) Analysis of speckle tracking echocardiography-derived right
ventricular global longitudinal strain; (C) Evaluation of the event timings of the tricuspid valve and pulmonic valve in the paraster-
nal short-axis views; (D) Measurement of right ventricular myocardial work by incorporating pulmonary pressures, right ventricular
strain, and cardiac cycle timings [23].
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Figure 3. Relationship between HBA1c and carotid artery plaque (CAP) incidence, intima-media thickness (CMP), and plaque echo-

genicity [32].

Coronary flow reserve (CFR) is an integrated measure
of coronary macro- and microvascular morphology and
function and is defined as the ratio of hyperaemic coron-
ary blood flow during maximum vasodilation of the cor-
onary vascular bed to resting coronary blood flow
[24,25]. Coronary flow velocity reserve is a surrogate of
coronary flow reserve and offers information additive and
complementary to standard regional wall motion analysis
[26]. In elderly patients, Doppler coronary flow velocity
scanning during routine echocardiography is a feasible
and valuable tool for assessment of short-term prognosis
[27]. The same group also showed that coronary velocity
parameters provided long-term prognostic information in
non-selected patients [28].

Improvements in ultrasound technology have enabled
direct, transthoracic visualisation of long portions of cor-
onary arteries: the left anterior descending (LAD), circum-
flex (Cx) and right coronary artery. 3DE is particularly
interesting since it offers better visualisation of cardiac
structures, which can be imaged in all dimensions as
illustrated by Sanchez et al. in an image focus [29]. 3DE
reconstruction of the atrium and valvular annulus can
also be used to localise accessory pathway along the
valvular annulus during catheter ablation [30]. Peri-coron-
ary epicardial adipose tissue is related to cardiovascular
risk factors and coronary artery calcification. In COVID-19
patients, Turker Duyuler et al. showed that epicardial and
peri-coronary adipose tissue thicknesses measured with
computed tomography were correlated to the severity of
infection, suggesting a potential link into the physiopa-
thology of COVID-19 [31]. Diabetes has been proved to
be a risk factor for atherosclerosis and carotid artery pla-
ques. HbA1c levels are positively associated with carotid
atherosclerosis, as assessed by carotid intima-media

thickness. In a large cohort of 9.275 Chinese adults with
coronary heart disease, Cheng et al. showed that HbA1c
levels were notably associated with carotid artery plaque
incidence, intima-media thickness, and plaque echogenic-
ity (Figure 3) [32].
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