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CHAPTER 1 

General introduction and outline of the thesis 

 

 
Advanced imaging tools provide detailed information about the structure and 

function of the heart and the cardiovascular system, essential in both the 

diagnostic process and patients’ management. Early diagnosis of cardiac 

modifications and arterial disease together with the identification of 

subclinical organ damage has become crucial for a timely and adequate 

treatment, aiming at not only the avoidance of irreparable organ damage but 

also trying to confine injury progression 1. 

Beyond standard echo-Doppler echocardiography, which remains among the 

most simple but accurate methods for the investigation of cardiac and vascular 

remodelling and systolic and diastolic dysfunction, advanced imaging 

techniques are emerging for their sensitive capability of recognizing early 

myocardial and vascular impairment in many cardiovascular diseases 1, 2. Those 

imaging methods, including speckle tracking and three-dimensional (3D) 

echocardiography, cardiac magnetic resonance imaging (MRI), computed 

tomography (CT) and Positron emission tomography-computed tomography 

(PET-CT), can help, in different ways, in the detection of subclinical disease 

and/or in the identification of cardiovascular changes. 

Those techniques are able to ameliorate diagnostic accuracy and provide 

markers to further improve risk prediction and optimize patient care.  In 

addition, imaging tools are easily appliable into both clinical and research 

practice thanks to novel approaches and software advancements which 

sensibly reduce the time for analyses.    

 



7 
 

 Outline of the thesis 

 
The thesis is structured in five parts: 

 
Part I. Advanced cardiac ultrasound imaging for identification of early 

impairment in Hypertensive Heart Disease 

In the first section of the thesis we report our papers published in the field of 

advanced cardiac imaging in hypertensive heart disease. We put emphasis on 

the use of advanced echocardiographic techniques such as speckle tracking 

echo and 3D echocardiography for the identification of early morphological 

and functional impairment in the hypertensive setting. Speckle tracking 

echocardiography, a simple and feasible ultrasound technique that can be 

easily performed during a standard echocardiographic exam, provides a 

quantitative analysis of left ventricular (LV) deformation in the three 

orthogonal planes (longitudinal, circumferential and radial) and left 

ventricular twisting 3-5. Among the different LV deformation components, 

global longitudinal strain (GLS) has been identified to be an earlier marker of 

subclinical cardiac impairment than left ventricular ejection fraction (LVEF) 6-

8. It is also associated with both the degree of LV filling pressures and the 

extent of myocardial fibrosis in uncomplicated hypertensive patients 9. We 

evaluated regional LV patterns of longitudinal strain and base-to-apex 

behavior in newly diagnosed, never-treated hypertensive patients without LV 

hypertrophy. We also investigated longitudinal (by GLS) and circumferential 

(by midwall fractional shortening, MFS) systolic function and correlations 

between these two functional components in early stages of arterial 

hypertension.  

On the other hand, 3D-echocardiography allows computation of LV volumes 

and LVM with an accuracy comparable with cardiac MRI 10-12. We evaluated 
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the ability of 3D- echocardiography in identifying a phenotype of LV 

concentric geometry according to LV mass/ end-diastolic volume ratio, 

possibly detecting early myocardial morphological and functional (both 

systolic by LV stroke volume and GLS and diastolic function) damage in 

native-hypertensive patients. Furthermore, we also explored possible echo 

parameters as predictors of future systolic dysfunction in patients affected 

by arterial hypertension.   

 
 

Part II. Advanced ultrasound cardiac imaging in other cardiovascular 

diseases. 

 In the second part of the thesis, we report a cluster of papers focusing 

on the role of ultrasound imaging tools for the identification of early cardiac 

impairment in several cardiovascular diseases. In particular we analyzed the 

advantage of using GLS approach for identification of subclinical cancer 

therapy related LV dysfunction and a strain guided strategy for initiation of 

cardioprotective drugs in patients experiencing cardiotoxicity and affected by 

breast cancer, undergoing potentially harmful chemotherapy. In addition, we 

evaluated the role of advanced echocardiography for detection of early LV 

dysfunction in Anderson-Fabry disease, antiphospholipid syndrome and 

mitral regurgitation, all conditions in which cardiac involvement can occur. 

Furthermore, we investigated right ventricular function by both right 

ventricular longitudinal strain and 3D- echocardiography in patients affected 

by fibrotic interstitial lung disease.     

 
 
 

Part III. Advanced imaging tools for evaluation of fibrocalcific score in aortic 

valve stenosis: the use of contrast-CT. 
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In this section of the thesis we focus on the role of contrast computed 

tomography for evaluation of the fibrocalcific volume in aortic valve stenosis. 

Guidelines recommend non-contrast CT calcium scoring of the aortic valve 

(CT-AVC) as an arbiter of aortic stenosis severity when echocardiographic 

measurements are discordant13, on the basis of data demonstrating the 

diagnostic accuracy of CT-AVC as a flow-independent measure and its 

correlation with disease progression and clinical events 14-16. However, CT-

AVC has several important limitations: it offers little detail about valve 

morphology and is unable to localise the anatomical distribution of calcium 

in the valve and surrounding structures. In addition, CT-AVC cannot quantify 

fibrosis, an important contributor to valve stenosis, and may therefore 

misclassify disease severity, particularly in young females and those with 

bicuspid valves 17, 18. On the other hand, contrast CT angiography is widely 

used to assess and quantify calcific and non-calcific plaques in the coronary 

vasculature 19. It is the gold standard method of anatomical assessment 

before transcatheter aortic valve intervention and is routinely incorporated 

into clinical workflows 20, 21. Thus, we investigated the use of contrast-

enhanced cardiac CT to evaluate aortic valve calcium volumes and also non-

calcific leaflet thickening as a marker of valve fibrosis, using also novel 

approaches as the computation of volumes according to a gaussian mixture 

model calibrated against blood pool radiodensity, reducing drastically the 

time for analysis. 

 

Part IV. Advanced molecular imaging of thoracic aorta by 18F-Sodium 

Fluoride PET-CT for identification of microcalcification activity and stroke 

risk prediction. 

18F-Sodium fluoride (18F-NaF) is a positron emitting radiotracer that allows 

the detection of microcalcification activity by positron emission tomography 
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(PET),22 providing a marker of aortic disease which might further improve risk 

prediction. Indeed, coronary 18F-NaF PET has recently demonstrated its 

ability to improve risk prediction beyond the one afforded by CT calcium 

score 23, 24. Thus, there is interest in developing summary quantitative 

methods of measuring 18F-NaF uptake in the aorta, which may provide 

similarly important prognostic information. Quantification of 18F-sodium 

fluoride uptake in the thoracic aorta currently involves labour intensive 

analysis of multiple regions of interest across sequential axial slices and 

calculating mean and maximum intensity uptake values. These values are 

then normalized to blood pool activity to generate mean (TBRmean) and 

maximum (TBRmax) tissue to background ratios respectively 25, 26. Typically, 

TBRmax values are influenced by only a small number of the most intense 

pixels within a volume of interest and may not accurately reflect the overall 

PET activity within that volume. A simple, robust and time-efficient technique 

that could provide a summary measure of PET uptake across the thoracic 

aorta would be a major advance. We, therefore, aimed to develop a novel 

method of quantifying the burden of 18F-NaF uptake across both the 

ascending aorta and aortic arch (aortic microcalcification activity, AMA) and 

to assess its repeatability, reproducibility and time-efficiency compared with 

current standard approaches. We also applied this assessment in a setting of 

patients with established cardiovascular disease in order to study AMA as a 

possible predictor of ischeamic stroke.  

 
 

Part V: Discussion and conclusions. The last section of the thesis is a 

discussion of the results obtained according to the several addressed topics 

with the conclusions. 
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Part I 

 

 

 

 
Advanced cardiac ultrasound imaging                                          

for identification of early impairment                                            

in Hypertensive Heart Disease
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CHAPTER 2 

 

Advanced imaging tools for evaluating cardiac 

morphological and functional impairment in 

hypertensive disease 

 

 

Advanced imaging techniques, such as speckle tracking and 3D 

echocardiography, cardiac MRI, CT and PET-CT, are able to identify 

cardiovascular injury at different stages of arterial hypertension, from 

subclinical alterations and overt organ damage to possible complications 

related to pressure overload 27-29, thus giving a precious contribution for 

guiding timely and appropriate management of patients and therapy, in 

order to improve diagnostic accuracy and prevent disease progression.  

The present review focuses on the peculiarity of different advanced imaging 

tools to provide information about different and multiple morphological and 

functional aspects involved in the hypertensive cardiovascular injury. This 

evaluation emphasizes the usefulness of the emerging multi-imaging 

approach for a comprehensive overview of arterial hypertension induced 

cardiovascular damage. 
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Figure 1. Example showing alterations provided by different advanced imaging tools at early stage, 

consolidated stage of arterial hypertension and complications. At early stages: (a) 2D GLS and regional 

strain impairment with predominant involvement of basal and middle longitudinal strain, (b) Myocardial 

work components alteration in hypertensive patients, (c) LV concentric geometry with increased 

LVM/EDV ratio detectable at 3D-echocardiography. At consolidated stage: (d) LVH evaluated by MRI, E) 

LGE nonischemic intramyocardial pattern (white arrow) of the basal anterior septum (left: basal short 

axis view, right: three-chamber view) in a hypertensive patient with LVH, (f) contrast-enhanced CT 

showing LA dilation. Complications: (g) Aneurism of the ascending aorta detected by contrast-CT, (h) 

Aortic valve calcification and stenosis by CT, (i) 18F-NaF PET-CT showing uptake within both the 

descending left coronary artery and the aortic valve. 18F-NaF, fluorine-18-sodium fluoride; 2D, two-

dimensional; 3D, three-dimensional; CT, computed tomography; EDV, end-diastolic volume; GLS, global 

longitudinal strain; LA, left atrial; LV, left ventricular; LVH, left ventricular hypertrophy; LVM, left 

ventricular mass; PET-CT, PET-computed tomography. 
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Figure 2. Schema depicting the advanced imaging tools useful in the cardiac and vascular damage induced 

by arterial hypertension; some evaluations are common to one or more techniques while each method 

owns its peculiarities. 18F-FDG, fluorine-18-fluorodeoxyglycose; 18F-NaF, fluorine-18-sodium fluoride; 

2D, two-dimensional; 3D, three-dimensional; CAD, coronary artery disease; CT, computed tomography; 

ECV, extracellular volume fraction; EDV, end-diastolic volume; GLS, global longitudinal strain; LA, left 

atrial; LGE, late gadolinium enhancement; LV, left ventricular; LVH, left ventricular hypertrophy; LVM, left 

ventricular mass; PET-CT, PET-computed tomography. 

 

The great advancements in imaging techniques allow the evaluation of 

arterial hypertension condition and influence on the myocardium and the 

cardiovascular system from multiple points of view, from tools bringing to 

light subclinical dysfunction as speckle tracking echocardiography, to 

instruments allowing evaluation of tissue characterization and possible 

arterial hypertension complication as MRI and CT, and molecular imaging 

highlighting active metabolism, calcification activity or microvascular 
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dysfunction. Different imaging tools are able to detect morphological and 

functional abnormalities related to arterial hypertension, but, on the 

contrary, every single technique owns its peculiarity and provides 

complementary information (Figure. 2). A multi-imaging approach thus may 

help to have a more exhaustive perspective of hypertensive-induced 

damage, thus contributing to assess an early diagnosis, avoid disease 

progression and provide appropriate treatments for patients’ optimal 

management. 
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CHAPTER 3 

 

Three-dimensional echocardiographic ventricular 
mass/end-diastolic volume ratio in native hypertensive 

patients: relation between stroke volume and geometry. 

 

Background:  Elevated left ventricular (LV) mass/end diastolic volume ratio 

(LVM/EDV) ratio by cardiac MRI is associated with higher myocardial fibrosis 

and dysfunction and even with adverse prognosis in the hypertensive setting 

28, 30. However, cardiac MRI has high costs and limited availability. Real-time 

3D echocardiography, allows calculation of LV volumes and mass (LVM) with 

an accuracy comparable with cardiac MRI 10-12. Accordingly, we designed this 

study to investigate whether a 3D echocardiographic approach could show 

similar ability of MRI in detecting LV geometry patterns by using LVM/ EDV 

ratio and identify possible 3D-echocardiographic parameters, as LV stroke 

volume, which could detect early pump dysfunction in native hypertensive 

patients. As antihypertensive therapy might positively alter and delay 

cardiac progressive remodeling and consequences on LV pump performance 

31, 32, we studied a population of newly diagnosed, never-treated 

hypertensive patients.  

Methods: One hundred and twenty-eight native hypertensive patients 

underwent two dimensional (2D) and 3D echocardiography. 3D assessment 

was performed according to a previously described methodology 33, which 

included automatic slicing of full LV volume data set, alignment by pivoting 

and translating the four-chamber plane, automated identification of 

endocardia border both at end-diastole and end-systole.  
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The population was divided into two groups, according to cut-off point 

values of 3D-LVM/EDV ratio corresponding to its upper 95% confidence 

interval in a population of 90 healthy normotensive individuals: LVM/EDV 

ratio cut-off was 1.22 in men and 1.23 in women. 

  

Figure 3. Model of three-dimensional echocardiographic assessment of left ventricular mass, volumes 

and stroke volume in a hypertensive patient of our study population with elevated left ventricular 

mass/end-diastolic volume ratio. CO, cardiac output; EDMass, left ventricular mass; EDV, left ventricular 

end-diastolic volume; EF, left ventricular ejection fraction; ESV, left ventricular end-systolic volume; HR, 

heart rate; LVM/EDV ratio, left ventricular mass/end-diastolic volume ratio; SpI, sphericity index; SV, 

stroke volume. 

Results: An increased 3D-LVM/EDV ratio identified a higher rate of LV 

concentric geometry in comparison with 2D-derived relative wall thickness 

(37 versus 24%, P=0.03). Patients with LVM/EDV ratio of 1.22 or more in men 

and 1.23 or more in women were significantly older, had smaller 3D-LV end-

diastolic and end-systolic volumes and higher LV mass index, without 

difference in ejection fraction. 3D-stroke volume (P<0.0001) was lower in 

patients with elevated LVM/EDV ratio. By a multilinear regression analysis, 

after adjusting for sex, age, heart rate, mean blood pressure and body mass 
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index, stroke volume was independently and negatively associated to 

LVM/EDV ratio (beta=0.55, P<0.0001). 

 

  

Figure 4. Scatterplot and regression line of individual values of LVM/EDV ratio (x-axis) and corresponding 

values of stroke volume (SV, y-axis) in the pooled hypertensive population. LVM/EDV ratio, left 

ventricular mass/end-diastolic volume ratio; SV, stroke volume. 

 

 

Table 1. Independent correlates of three-dimensional echocardiographic stroke volume in the pooled 

hypertensive population by multiple linear regression analysis. 
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Figure 5. Scatterplot and regression line of individual values of two-dimensional relative wall thickness 

(x-axis) and corresponding values of three-dimensional left ventricular mass/end-diastolic volume ratio 

ratio (y-axis) in the pooled hypertensive population. By using the cut-off points of normalcy of relative 

wall thickness and LVM/ EDV ratio, we identified four different LV geometric patterns: LV concentric 

geometry according to 3D-echo (LVM/EDV ratio of 1.23 or more in women and 1.22 or more in men) but 

with LV normal geometry by 2D-echo (relative wall thickness <0.41), LV concentric geometry according 

to both 3D and 2D-echo, LV normal or eccentric geometry according to both 3D and 2D-echo, LV normal 

or eccentric geometry according to LVM/EDV ratio but with LV concentric geometry according to relative 

wall thickness. 2D, two-dimensional; 3D, three-dimensional; LV, left ventricular; LVM/EDV ratio, left 

ventricular mass/end-diastolic volume ratio. 

 

Conclusions: In native hypertensive patients, 3D-echoderived LVM/EDV 

ratio identifies a higher prevalence of LV concentric geometry than 2D-

relative wall thickness. Stroke volume is independently and negatively 

associated with LVM/EDV ratio and its reduction represents an early marker 

of myocardial dysfunction in hypertensives with LV concentric geometry. 
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CHAPTER 4 

 
Impact of left ventricular mass/end-diastolic volume 

ratio by three-dimensional echocardiography 
on two-dimensional global longitudinal strain and 
diastolic function in native hypertensive patients 

 
 

 

Background: In hypertensive patients, high LVM/EDV ratio is related to LV 

dysfunction and myocardial fibrosis 30. We examined the ability of 3D-echo-

derived LVM/EDV ratio in identifying early systolic and diastolic dysfunction 

in relation with LV concentric geometry in native hypertensive patients.  

Methods: One-hundred and forty-four newly diagnosed, never treated 

hypertensive patients underwent 2D-echo, including computation of 2D-

derived global longitudinal strain (GLS), and 3D-echo.  

Speckle tracking echo of the left ventricle was recorded on 2D images of 

three consecutive cardiac cycles from the three apical views (long axis, four- 

and two- chamber) at an approximately equal heart rate. LV cavity was 

recorded with the narrowest scan and at the lowest possible depth in order 

to obtain the left ventricle as large as possible on the screen and a frame 

rate of 40–70 frames/s. The same field depth was maintained for all the 

views. An interactive software (endocardial-cavity interface traced manually 

and epicardial tracing generated automatically) rejects segments of poor 

imaging quality, allowing the observer to manual override its decision by 

visual assessment. The time of aortic valve closure was marked in the apical 

long-axis view, as the driving view, and used as reference point in all the 
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other views. Each of the three apical images was automatically divided into 

six myocardial segments. Peak negative longitudinal strain was measured 

from six segments in each of the three apical views (long-axis, four- and two-

chamber) and GLS calculated as the average of individual percentage peak 

strain before aortic valve closure. 

The study population was divided into two groups: elevated 3D-LVM/EDV 

ratio (≥1.23 in women and ≥1.22 in men), corresponding to LV concentric 

geometry (n=50), and normal ratio (<1.23 in women and <1.22 in men) 

corresponding to LV normal or eccentric geometry (n=94). 

Results: The two groups were comparable for sex, heart rate, body mass 

index, and blood pressure (BP). Patients with elevated 3D-LVM/EDV ratio 

were older and had lower GLS (P<0.001) than patients with normal LVM/EDV 

ratio. Transmitral E/A ratio (P<0.0001) and e’ velocity (P<0.0001) were 

lower, and E/e’ ratio (P<0.0001) higher in patients with elevated LVM/EDV 

ratio. In the pooled population, LVM/EDV ratio was positively correlated to 

E/e’ ratio (r=0.39, P<0.0001) and negatively to GLS (r=-0.29, P<0.001). By 

separate multilinear regression analyses, after adjusting for sex, age, heart 

rate, mean BP and BMI, LVM/EDV ratio – but not 2D-relative wall thickness 

– was independently associated with E/e’ (beta=0.304, P=0.003) and GLS 

(beta=-0.501, P<0.0001). 
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Figure 6. Univariate relation of left ventricular mass/end-diastolic volume ratio with E/e’ ratio and global 

longitudinal strain in the pooled population. On the left, scatterplot, regression line and 95% confidence 

interval of individual values of 3DLVM/ EDV ratio (x-axis) and corresponding values of 2D-E/e’ ratio (y-

axis) in the pooled hypertensive population. On the right, scatterplot, regression line and 95% confidence 

interval of individual values of 3D-LVM/EDV ratio (x-axis) and corresponding values of 2D-LV GLS (y-axis) 

in the pooled hypertensive population. 2D, two-dimensional; 3D, three-dimensional; GLS, global 

longitudinal strain; LV, left ventricular; LVM/EDV ratio, LV mass/end-diastolic volume ratio. 

 

 

Table 2. Multiple linear regression analyses 

Conclusion: 3D- echocardiographic assessment of LV concentric geometry 

allows identifying an early diastolic and longitudinal systolic dysfunction in 

native hypertensive patients. In particular, 3D-LVM/EDV ratio is 
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independently associated with both E/e’ ratio and GLS. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



24 
 

CHAPTER 5 

 
Interrelation between midwall mechanics and 

longitudinal strain in newly diagnosed and 
never-treated hypertensive patients without 

clinically defined hypertrophy 
 

 

Background:  In hypertensive patients, an impairment of midwall myocardial 

mechanics was described in presence of LV concentric geometry. Under 

these circumstances, also LV longitudinal dysfunction was found. Differently 

oriented but intimately connected myocardial layers characterize the 

architecture of LV walls 34. Midwall fractional shortening (MFS) is an index 

which was conceived to examine midwall LV circumferential fibers’ function 

35. On the other hand, GLS is a feasible echocardiographic parameter, 

quantifying the motion of LV longitudinal fibers 3. GLS has been described as 

an early marker of subclinical myocardial mechanics impairment 6. 

Our aim was to evaluate longitudinal and circumferential systolic function 

and correlations between these two functional components in newly 

diagnosed hypertensive patients without clinically defined LV hypertrophy 

(LVH).  

Methods: One hundred and thirty-eight newly diagnosed, never-treated 

hypertensive patients without LVH and a control group of 105 healthy 

normotensive individuals underwent two-dimensional and speckle tracking 

echocardiography. Global longitudinal strain (GLS) was derived (in absolute 

value) and midwall fractional shortening (MFS) computed. In addition, the 

hypertensive population was divided into two groups according to GLS: 
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normal GLS (≥20%, n=94) and reduced GLS (<20%, n=44). 

 

Figure 7. Example of a newly diagnosed, never-treated hypertensive patient of 49 years old (height¼1.67 

m, weight¼85 kg) presenting normal left ventricular geometry and an impairment in both global 

longitudinal strain and midwall fractional shortening, while left ventricular ejection fraction is still in 

normal range. Panel (a) shows M-mode-derived left ventricular quantitative analysis and computed 

midwall fractional shortening. Panel (b) displays bull’s eye of left ventricular global longitudinal strain, 

while panels (c) and (d) present the assessment of biplane left ventricular ejection fraction in both four 

chamber [panel (c)] and two-chamber [panel (d)] views in the same patient. EF, ejection fraction; GLS, 

global longitudinal strain; HR, heart rate; IVSd, interventricular septum thickness at end-diastole; IVSs, 

interventricular septum thickness at end-systole; LV, left ventricular; LVEDV, left ventricular end-diastolic 

volume; LVESV, left ventricular end-systolic volume; LVIDd, left ventricular internal diameter atend-

diastole; LVIDs, left ventricular internal diameter at end-systole; LVMi, left ventricular mass indexed for 

height powered to 2.7; LVPWTd, left ventricular posterior wall thickness at end-diastole; LVPWTs, left 

ventricular posterior wall thickness at end-systole; MFS, midwall fractional shortening. 

Results: Hypertensive patients had lower MFS (P<0.001) and GLS (P<0.0001) 

than healthy controls. By dividing hypertensive patients according to GLS 

thresholds of normalcy, MFS was lower in patients with GLS less than 20% 
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(P<0.0001) while no significant difference was found in LV geometry, 

ejection fraction and diastolic parameters in comparison with patients with 

GLS at least 20%. In the pooled hypertensive population, GLS resulted 

positively correlated to MFS (r=0.33, P<0.0001). By a multiple linear 

regression analysis, after adjusting for female sex, age, body mass index, 

circumferential end-systolic stress, average e’ velocity, ejection fraction and 

relative wall thickness, MFS remained independently associated with GLS 

(b=0.222, P<0.005). 

 

Figure 8. Univariate relation between left ventricular global longitudinal strain and midwall fractional 

shortening in the pooled population. Scatterplot, regression line and 95% confidence interval of 

individual values of left ventricular global longitudinal strain (x line) and corresponding values of midwall 

fractional shortening (y-line) in the pooled hypertensive population. GLS, global longitudinal strain; LV, 

left ventricular; MFS, midwall fractional shortening. 
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Table 3. Multiple linear regression analysis. 

Conclusion: In newly diagnosed and never-treated hypertensive patients 

without LVH, an early LV systolic dysfunction is testified by the reduction of 

both MFS and GLS. These two parameters resulted independently associated 

after adjusting for several confounders.  
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CHAPTER 6 

 
Prominent basal and middle strain longitudinal  

involvement in newly-diagnosed and  
never treated hypertensive patients 

 without clear-cut hypertrophy 

 

 

Background:  LV GLS can detect an early dysfunction in arterial 

hypertension, detectable before ejection fraction rection8. We investigated 

regional LV patterns of longitudinal strain (LS) and base-to-apex behavior in 

newly diagnosed, never-treated hypertensive patients without LV 

hypertrophy. 

Methods: 180 patients affected by arterial hypertension and 115 healthy 

controls underwent standard echocardiography, including regional LS and 

GLS assessment (in absolute values). The average LS of six basal (BLS), six 

middle (MLS), and six apical (ALS) segments and relative regional strain 

ratio= [ALS/(BLS + MLS)] were also computed. 

 

Figure 9. Schema showing an example of a hypertensive patient (Panel A) with GLS values and regional 

LS describing relatively reduced BLS and MLS and preserved ALS in comparison with an healthy control 
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subject (Panel B). ALS = apical longitudinal strain, BLS= basal longitudinal strain, GLS = global longitudinal 

strain, LS = longitudinal strain, MLS = middle longitudinal strain.  

 

Results: The two groups were comparable for sex, age and heart rate. Body 

mass index, systolic, diastolic and mean BP (all p < 0.0001) were higher in 

hypertensive patients. Despite LV ejection fraction was comparable, GLS, 

BLS and MLS resulted lower in hypertensive patients (all p b 0.0001), without 

difference in ALS. Relative regional strain ratio resulted higher in 

hypertensive patients (p < 0.001) in comparison to controls. Dividing the 

hypertensive group according to lower normal values derived from the 

controls, BLS was able to identify a higher rate of LV dysfunction than GLS. 

By a multiple linear regression analysis performed in the pooled population 

after adjusting for age, sex, body mass index, end-systolic stress, relative wall 

thickness and LV mass index, the association between BLS and mean blood 

pressure remained significant (β coefficient = −0.42, p < 0.0001), despite the 

significant impact of male sex. In a similar model, MLS and mean blood 

pressure resulted also independently associated (β = −0.21, p < 0.002). 

 

 

Figure 10. Left panel: univariate relation between mean BP and BLS in the pooled population. Scatterplot, 
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regression line and 95% confidence interval of individual values of mean BP (x-line) and corresponding 

values of BLS (y line). Right panel: univariate relation between mean BP and MLS in the pooled 

population. Scatterplot, regression line and 95% confidence interval of individual values of mean BP (x-

line) and corresponding values of MLS (y line). BLS = basal longitudinal strain, BP= blood pressure, MLS= 

middle longitudinal strain. 

 

 Table 4. Multiple linear regression analyses. 

 

Conclusions: Despite normal LV ejection fraction, LS dysfunction is 

detectable in hypertensive patients, mainly involving basal and middle 

segments, resulting in higher relative regional strain ratio.  
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CHAPTER 7 

 
Identification of cardiac organ damage in arterial 
hypertension: insights by echocardiography for a 

comprehensive assessment 

 

Arterial hypertension, a widespread disease, whose prevalence increases 

with age, represents a major risk factor for cardiovascular events, causing 

damage in several organs, including the heart. In this context, 

echocardiography has a clear and pivotal role, being able to assess cardiac 

morphology and detect haemodynamic changes induced by this disease. 

2018 European Society of Cardiology/European Society of Hypertension 

guidelines on AH identified main echo parameters such as left ventricular 

mass, relative wall thickness and left atrial volume, for detecting cardiac 

organ damage36. The present review highlights the advantage of additional 

echocardiographic parameters such as diastolic measurement and both 

thoracic and abdominal aortic dimensions. An overlook on aortic valve 

should also be suggested to detect aortic regurgitation and stenosis, both 

frequent complications in hypertensive patients. In this kind of 

comprehensive assessment, the combination of standard and advanced 

echocardiography (speckle tracking echocardiography and 3D 

echocardiography) could be considered to improve the diagnostic accuracy, 

stratify prognosis and address management in arterial hypertension.  
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Figure 11. Picture showing the echo parameters useful in the evaluation of the hypertensive patient. In 

bold letters the parameters that should always be assessed in hypertensive patients. EDV, end-diastolic 

volume; GLS, global longitudinal strain; LA, left atrium; LV, left ventricular; LVEF, left ventricular ejection 

fraction; LVM, left ventricular mass; PWV, pulsed wave velocity; RWT, relative wall thickness; TDI, tissue 

Doppler imaging; TR, tricuspid regurgitation. 

The role of echocardiography in the thorough assessment of the 

hypertensive patient is very useful, as it allows the measurement of several 

parameters that correlate with organ damage. In addition to LVH and left 

atrial enlargement identified from current ESC/ESH guidelines on AH to 

detect cardiac injury 36, multiple echocardiographic parameters, such as GLS, 

left atrial strain and diastolic evaluation could identify an early heart 

impairment 37. The evaluation of LV and left atrial function, rather than the 

simple measure of their dimensions, has given promising results in early 

detection of cardiac dysfunction, which might help identifying patients that 

can benefit from a more aggressive treatment and a closer follow-up37, 38. 

Also the evaluation of diastolic dysfunction is extremely important, because 

it can occur before the development of LV geometry changes39. Moreover, 

in a complete overview on AH-induced cardiac impairment the assessment 

of aortic dimension and aortic valve function should not be overlooked40, 41. 

In this context, the combination of standard and advanced 
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echocardiographic techniques should be carefully considered to diagnose 

subclinical cardiac organ damage, stratify prognosis and address 

management at the best. 

In this view, based on a preliminary clinical assessment, the 

echocardiographic evaluation could gather the maximum of relevant 

information on heart and aorta by influencing patients’ treatment, and also 

establishing correct timing of follow-up. Accordingly, under well-defined 

circumstances, echocardiography could present even a valuable 

cost/effectiveness ratio in hypertensive patients. 
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CHAPTER 8 

 
Mechano-energetic efficiency as a predictor  

of left ventricular systolic dysfunction in hypertensive patients  
with optimal blood pressure control 

 

Background: We aimed at analyzing possible predictors of LV ejection 

fraction (LVEF) reduction, including indexed mechano-energetic efficiency 

(MEEi), a well-recognized echo-derived parameter of LV performance42, in a 

hypertensive population with optimal blood pressure control in a long-term 

follow-up.  

Methods: The study population included 5,673 hypertensive patients, from 

The Campania Salute Network, with normal baseline LVEF (≥50%) and no 

prevalent cardiovascular disease. Patients were followed-up for about 5 

years and those developing LVEF impairment (LVEF<50% or a reduction of 

10% compared to baseline) were compared to patients with persistently 

normal LVEF. 

Results: Optimal blood pressure control was achieved in about 80% of 

patients. Patients who experienced LVEF reduction were 2.41%. They were 

older (p<0.0001), more often diabetic (p<0.001), presented higher LV mass 

index and carotid intima-media thickness (both p<0.0001), while lower 

MMEi (p=0.037) at baseline, and developed a higher prevalence of 

cardiovascular events (p<0.0001) in comparison to patients with normal 

LVEF. A logistic regression analysis, performed by excluding patients who 

experienced cardiovascular events, demonstrated that independent 

predictors of LVEF reduction were heart rate, LV mass index and the lowest 



35 
 

MMEi quartile, the latter being a stronger predictor (Odds Ratio 1.81, 

p<0.0001) than both heart rate and LV mass index. ROC curves showed that 

the model including MMEi had higher accuracy than the model without MEEi 

in predicting LVEF reduction (AUC 0.739 vs. 0.682, p<0.0001). 

 

Figure 12. ROC curves for predicted probability assessed according to two models, the first one including 

all parameters present in table 4 including MMEi and the second one including the same parameters 

without MMEi. The model including MMEi predicted LVEF reduction better than the model without this 

parameter. MEEi= indexed mechano-energetic efficiency.   

Conclusions: Lower values of MEEi at baseline identified hypertensive 

patients more liable to develop LVEF reduction. In hypertensive setting, 

MEEi evaluation improved prediction of LV systolic dysfunction during long-

term follow-up.   
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Part II 

 

 

 

 
Advanced ultrasound cardiac imaging in other 

cardiovascular diseases 
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CHAPTER 9 

Strain-oriented strategy for 
guiding cardioprotection initiation 

of breast cancer patients 
experiencing cardiac dysfunction 

 

Background:  Cancer therapy progressively prolongs survival in oncologic 

diseases. Nevertheless, it may expose patients to life-threatening 

complications involving the cardiovascular system. Thus, cardiotoxicity may 

become one of the main determinants of quality-of-life impairment and 

mortality in this specific population43, 44. Cancer therapy-related cardiac 

dysfunction (CTRCD) can be due to different kinds of treatment: 

anthracyclines provoke a dose-cumulative myocardial damage with 

irreversible cellular necrosis (Type I cardiotoxicity), while other agents, such 

as trastuzumab, lead to a non-dose-related but reversible cardiac 

impairment (Type II cardiotoxicity)44. The sequential or concurrent use of 

these two different types of agents may increase myocardial injury and 

CTRCD is often the result of the combined detrimental effect of the two 

therapies. A timely initiation of cardioprotective treatment for CTRCD is 

pivotal to continue the ongoing CT till completion and reduce the risk of 

overt heart failure45. Cardiac treatment of CTRCD is currently guided by 2D 

echocardiographic evaluation of LVEF46. However, LVEF is affected by several 

limitations including its load-dependence, the need of geometric 

assumption for its calculation and, above-all, its substantial biological (day-

to-day) variability that makes subtle changes often doubtful and 

questionable. As an alternative, GLS, easily obtainable by speckle tracking 



38 
 

echocardiography, has shown optimal feasibility and temporal 

reproducibility and its changes may precede LVEF reduction in the general 

population and in oncologic patients as well47. 

This study assessed the impact of the strain-guided therapeutic approach on 

CTRCD and rate of cancer therapy interruption in breast cancer. 

Methods: We enrolled 116 consecutive female patients with HER2-positive 

breast cancer undergoing a standard protocol by epirubicine + 

cyclophosphamide followed by paclitaxel + trastuzumab. Coronary artery, 

valvular and congenital heart disease, heart failure, primary 

cardiomyopathies, permanent or persistent atrial fibrillation, and 

inadequate echo-imaging were exclusion criteria. Patients underwent an 

echo-Doppler exam with determination of LVEF and global GLS at baseline 

and every 3 months during cancer therapy. All patients developing 

subclinical (GLS drop >15%) or overt CTRCD (LVEF reduction <50%) initiated 

cardiac treatment (ramipril + carvedilol).  

 

Figure 13. Clinical case of a patients developing subclinical CTRCD at the XI TRZ cycle but completing 

successfully TRZ thanks the timely cardioprotective treatment. Bull’s eyes of GLS at baseline (left), at the 

time of subclinical CTRCD (mid), and at cancer therapy completion (right). CTRCD, cancer therapy-related 

cardiotoxicity; EF, ejection fraction; GLS, global longitudinal strain; TRZ, trastuzumab. 
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Results: In the 99.1% (115/116) of patients successfully completing 

chemotherapy, GLS and LVEF were significantly reduced and E/e’ ratio 

increased at therapy completion. Combined subclinical and overt CTRCD was 

diagnosed in 27 patients (23.3%), 8 at the end of epirubicine + 

cyclophosphamide and 19 during trastuzumab courses. Of these, 4 (3.4%) 

developed subsequent overt CTRCD and interrupted chemotherapy. By 

cardiac treatment, complete LVEF recovery was observed in two of these 

patients and partial recovery in one. These patients with LVEF recovery re-

started and successfully completed chemotherapy. The remaining patient, 

not showing LVEF increase, permanently stopped chemotherapy. The other 

23 patients with subclinical CTRCD continued and completed chemotherapy. 

 

Figure 14. Picture of the study population. (A) Overall breast cancer population, (B) CTRCD (both 

subclinical and clinical) population, and (C) CTRCD recovery after cardioprotective regimen. CTRCD, 

cancer therapy-related cardiac dysfunction. 
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Figure 15. Behaviour of EF (A) and GLS (B) at EC end, at the time of overt CTRCD onset (during TRZ) and 

at the time of LV function recovery in the individual patients developing overt CTRCD. Solid green lines 

indicate patients with full LV function recovery thanks cardioprotective regimen (at 60 and 95 days, 

respectively); solid orange lines indicate patient with partial LV function recovery thanks cardioprotective 

regimen (at 120 days). Dotted red lines indicate patient without LV function recovery (after 51 days after 

interrupting chemotherapy) and forced to permanently stop chemotherapy. CTRCD, cancer therapy-

related cardiac dysfunction; EC, epirubicine þ cyclophosphamide; EF, ejection fraction; GLS, global 

longitudinal strain; LV, left ventricular. 

 

Conclusions: These findings highlight the usefulness of ‘strain oriented’ 

approach in reducing the rate of overt CTRCD and chemotherapy 

interruption by a timely cardioprotective treatment initiation. 
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CHAPTER 10 

Prominent longitudinal strain 
reduction of left ventricular basal 

segments in treatment-naıve 
Anderson-Fabry disease patients 

 

Background:  Anderson-Fabry disease (AFD) is a rare X-linked metabolic 

disorder due to deficiency in lysosomal enzyme activity of a-galactosidase A, 

resulting in pathological accumulation of glycosphingolipids in several 

tissues and a multi-organ progressive dysfunction48. AFD cardiomyopathy 

has been described in both genders, in a specific late-onset cardiac variant, 

and is largely associated with LV hypertrophy (LVH), impaired diastolic 

function, and late systolic dysfunction49, 50. Among the different myocardial 

deformation components, GLS has shown the best ability in detecting 

subclinical cardiac involvement. The regional distribution of LS has also 

shown typical patterns in different types of LVH, mainly in cardiac 

amyloidosis, which is characterized by a typical LS reduction in basal LV 

segments, with a relative apical sparing51, 52. A reduction of GLS has also been 

associated with myocardial fibrosis as identified by native T1 mapping in 

early AFD53, but little is known about the regional LS distribution in the 

subclinical stages of AFD cardiomyopathy. The present study was designed 

to investigate specific regional patterns of LS and base-to-apex behaviour of 

longitudinal deformation in treatment-naıve AFD patients. 

Methods: Twenty-three consecutive AFD patients at diagnosis and 23 

healthy controls without cardiovascular risk factors and matched for age and 

sex to the patients, underwent a comprehensive evaluation of target organs. 

An echo-Doppler exam, including determination of regional and global LS 
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strain (GLS) was obtained. The average LS of 6 basal (BLS), 6 middle (MLS), 

and 5 apical (ALS) segments and relative regional strain ratio [ALS/(BLS þ 

MLS)] were also calculated. 

Results: Ejection fraction and diastolic indices did not differ between the two 

groups. LV mass index was greater in AFD (P < 0.01). GLS (P = 0.006), BLS (P 

< 0.0001), and MLS (P = 0.003), but not ALS, were lower in AFD patients and 

relative regional strain ratio was higher in AFD (P < 0.01) than in controls. 

These analyses were confirmed separately in the two genders and even after 

excluding patients with wall hypertrophy. By subdividing AFD patients 

according to lysoGB3 levels, 9 patients with lysoGB3 ≥ 1.8 ng/L had lower 

ALS compared to 11 patients with lysoGB3 < 1.8 ng/L (P<0.01). 

 

Table 6. Regional and global longitudinal strain. 



43 
 

 

Figure 16. Polar maps (bull’s eyes) of regional longitudinal strain (LS) in individual AFD patients, listed in 

the same order of Table 2. Four distinct patterns are recognizable: (1) normal or near normal regional LS 

(Patients n 2, 3, 6, 10, 14, 18, and 20); (2) LS reduction in septal and anterior regions (Patients n 1, 5, 7, 

12, 13, 17 and 19); (3) LS reduction in both septal/anterior and infero-lateral regions (Patients n 4, 9, 15, 

16, 21, 22 and 23); (4) LS reduction in infero-lateral region (Patients n 8 and 11). Independent of the 

involved region, LS of basal segments appears to be more impaired in the majority of patients with 

abnormal LS patterns. 
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Figure 17. Global and regional longitudinal strain for basal, mid, and apical level according to 

lysoGP3 (values >1.80 are considered elevated). 

 

Conclusions: In naıve AFD patients, we observed an early reduction of LV LS, 

involving mainly LV basal myocardial segments. Nevertheless, the 

association found between the higher lysoGB3 levels and the lower apical 

cap LS demonstrates that apical segments LS, despite still normal, is not 

spared at diagnosis. 
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CHAPTER 11 

 
Left ventricular diastolic abnormalities  

other than valvular heart disease  
in antiphospholipid syndrome:  

An echocardiographic study 
 

Background:  Antiphospholipid syndrome (APS) can be primary or secondary 

to other autoimmune disorders54. Besides valvular heart disease and 

coronary artery disease (CAD)55, 56, little is known about the impact of APS 

on LV function. 

Methods: After excluding CAD, relevant valvular heart disease and heart 

failure, 69 patients (mean age = 43.9 years, 40 with primary and 29 with 

secondary APS) were assessed by echo-Doppler. Sixty-nine heathy controls, 

matched for age and sex, formed the control group. APS was diagnosed in 

presence of at least one clinical criteria and one confirmed laboratory 

criteria, including lupus anticoagulant titre. The adjusted global APS score 

(aGAPSS), derived from the combination of risk factors for thrombosis and 

autoimmune-antibody profile was calculated.  

Results: Patients had similar blood pressure and heart rate, but higher body 

mass index than controls. LV mass index (p = 0.007) and left atrial volume 

index (p < 0.01) were greater, while early diastolic velocity (e′) was lower 

(p=0.003) and E/e′ higher (p=0.007) in APS. Primary APS patients had lower 

E/A ratio and e′ velocity compared to both controls and secondary APS, while 

E/e′ ratio was higher in secondary APS than in controls. APS patients with 

diastolic dysfunction were older but did not differ for risk factors prevalence 

from those with normal/indeterminate diastolic function. In the pooled APS, 
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Lupus anticoagulant positivity was independently associated with e′ velocity 

and E/e′ ratio after adjusting for age, body mass index and aGAPSS in 

separate multivariate models. 

 

Table 5. ANOVA analysis among controls, primary and secondary APS. 

 

Conclusion: In APS, LV diastolic abnormalities are detectable. They are more 

pronounced in primary APS and independently associated with lupus 

anticoagulant positivity.  
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CHAPTER 12 

 
Cardiac Manifestations of Antiphospholipid 

Syndrome: Clinical Presentation, Role of Cardiac 
Imaging, and Treatment Strategies 

 

APS is an autoimmune disorder characterized by the presence of 

antiphospholipid antibodies, vascular thrombosis (venous, arterial, or small 

vessels), and/or pregnancy morbidity54. Diagnosis of APS is based on the 

presence of at least one clinical criterion (thrombotic events or 

pregnancymorbidity) and at least one of the laboratory criteria 

(persistentlymedium/high titer immunoglobulin G [IgG]/ immunoglobulinM 

[IgM] anticardiolipin antibodies, and/or medium/high titer IgG/IgM anti-β2-

glycoprotein I antibodies, and/or a positive lupus anticoagulant test), 

confirmed after repetition at least 12 weeks apart. The clinical spectrum of 

APS encompasses additional (extra criteria) clinical manifestations, including 

cardiac diseases54. 

Heart involvement may become evident as a consequence of direct 

(autoimmune-mediated) or indirect (thrombosis) mechanisms, and include 

valve heart disease (vegetations and/or thickening associated with 

functional abnormalities) and intracardiac thrombosis, coronary, and 

vascular accelerated atherosclerosis, along with ischemic heart disease. APS 

can also cause pulmonary arterial hypertension, left ventricular dysfunction, 

and heart failure55, 56. This review describes the major cardiac manifestations 

of APS and illustrates the role of cardiac imaging for diagnosing subclinical 

and overt heart involvement and addressing management of these patients. 

The possible role of therapeutic strategies in cardiac manifestations of APS 

is also discussed.  
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Figure 18. TTE of different APS patients with valvular heart disease. (A) Moderate mitral regurgitation. 

(B) Mitral valve thickening associated to mild pericardial effusion. (C and D) Calcifications on the posterior 

mitral leaflet and aortic cusps are presented. (E) Calcifications of aortic leaflets. APS, antiphospholipid 

syndrome; TTE, transthoracic echocardiography. 

 

Figure 19. TEE of a woman with SLE and APS. TEE allows identifying a Libman–Sacks endocarditis of the 

aortic valve (yellow arrow) and a thrombus in right atrial cavity (red arrow). AO, aorta; APS, 

antiphospholipid syndrome; LA, left atrium; RA, right atrium; SLE, systemic lupus erythematosus; TEE, 

transesophageal echocardiography. 

Antiphospholipid syndrome encompasses a wide spectrum of thrombotic 

and non-thrombotic cardiac manifestations. The correct diagnosis is crucial 

for adequate antithrombotic treatment, in order to avoid overtreatment and 

reduce the thrombotic burden of those patients at truly high risk. The 

mainstream role of cardiovascular imaging in this setting is recognized and 
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should be strongly promoted to identify subclinical coronary and vascular 

atherosclerosis and detect valve abnormalities, cardiac dysfunction, 

ischemic disease, and thromboembolic events. Preventive strategies should 

be balanced on the basis of global cardiovascular risk profile. 
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CHAPTER 13 

Impaired Right and Left 
Ventricular Longitudinal Function 

in Patients with Fibrotic 
Interstitial Lung Diseases 

 

Background: LV and right ventricular (RV) dysfunction is recognized in 

idiopathic pulmonary fibrosis (IPF)57. Little is known about cardiac 

involvement in non-idiopathic pulmonary fibrosis (no-IPF). This issue can be 

explored by advanced echocardiography.  

Methods: Thirty-three clinically stable and therapy-naive fibrotic IPF and 28 

no-IPF patients, and 30 healthy controls were enrolled. Exclusion criteria 

were autoimmune systemic diseases, coronary disease, heart failure, 

primary cardiomyopathies, chronic obstructive lung diseases, pulmonary 

embolism, primary pulmonary hypertension. Lung damage was evaluated by 

diffusion capacity for carbon monoxide (DLCOsb). All participants underwent 

an echo-Doppler examination including 2D GLS of both ventricles and 3D 

echocardiographic RV ejection fraction (RVEF). 

Results: We observed LV diastolic dysfunction in IPF and no-IPF, and LV GLS 

but not LV EF reduction only in IPF. RV diastolic and RV GLS abnormalities 

were observed in IPF versus both controls and no-IPF. RV EF did not differ 

significantly between IPF and no-IPF. DLCOsb and RV GLS were associated in 

the pooled pulmonary fibrosis population and in the IPF subgroup (β = 0.708, 

p < 0.001), independently on confounders including pulmonary arterial 

systolic pressure.  
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Table 7. Standard and advanced echo-Doppler parameters of the right ventricle. 

 

 

Figure 20. Behavior of RV GLS (mean ± SD) in no-IPF and IPF without and with PAH. RV GLS is significantly 

lower in IPF with or without pulmonary arterial hypertension (PAH) in comparison with both no-IPF 

groups. 
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 Figure 21. Scatterplot and regression line of the relation between DLCO and both LV GLS and RV GLS in 

the pooled interstitial lung diseases population. The relation of RV GLS—but not of LV GLS—is significant. 

 

 

Table 8. Multiple linear regression analyses. 

 

Conclusion: Our data highlight the unique diagnostic capabilities of GLS in 

distinguishing early cardiac damage of IPF from no-IPF patients.  
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CHAPTER 14 

Cardiopulmonary exercise testing 
and echocardiographic exam: a 

useful interaction 

 

Cardiopulmonary exercise test (CPET) is a functional assessment that helps 

to detect disorders affecting the system involved in oxygen transport and 

utilization through the analysis of the gas exchange during exercise. The 

clinical application of CPET is various, including training prescription, 

evaluation of treatment efficacy and outcome prediction in a broad 

spectrum of conditions58. Furthermore, in patients with shortness of breath 

it provides pivotal information to bring out an accurate differential diagnosis 

between physical deconditioning, cardiopulmonary disease and muscular 

diseases59. Modern software allows the breath-by-breath analysis of the 

volume of oxygen intake, volume of carbon dioxide output and expired air. 

Through this analysis, CPET provides a series of additional parameters (peak 

volume of oxygen intake, ventilatory threshold, volume of expired air/ 

volume of carbon dioxide output  slope, end-tidal carbon dioxide exhaled) 

that characterize different patterns, helping in diagnosis process60. 

Limitations to the routine use of CPET are mainly represented from the lack 

of measurement standardization and limited data from randomized 

multicentric studies. The integration of CPET with exercise stress 

echocardiography has been recently introduced in the clinical practice by 

integrating the diagnostic power offered by both the tools61, 62. This 

combined approach has been demonstrated to be valuable for diagnosing 

several cardiac diseases, including heart failure with preserved or reduced 

ejection fraction, cardiomyopathies, pulmonary arterial hypertension, 
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valvular heart disease and coronary artery disease63. On the grounds of 

recognized evidence, it is conceivable that CPET data combined with clinical, 

laboratory and echocardiographic measurements could very efficiently 

stratify prognosis in patients with cardiac diseases. 

 

Figure 22. Illustrative clinical case of combined CPET and stress echo approach in a patient affected by 

HFpEF. CPET analysis shows clear oscillatory patterns of minute ventilation (VE) (a) and reduced VE/VCO2 

ratio (b). Echocardiographic exam at rest shows a preserved ejection fraction (c) and an E/e’ ratio in the 

normal range (e). At peak exercise the ejection fraction is normal (d) but E/e’ appears to be pathologically 

increased (f). 
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CHAPTER 15 

Global longitudinal strain is a 
hallmark of cardiac damage in 
mitral regurgitation: the Italian 
arm of the European Registry of 

mitral regurgitation 

 

Background: The search for reliable cardiac functional parameters is crucial 

in patients with mitral regurgitation (MR). In the Italian arm of the European 

Registry of mitral regurgitation, we compared the ability of GLS and LVEF to 

detect cardiac damage in patients with MR. 

Methods: Five hundred four consecutive patients with MR underwent a 

complete echo-Doppler exam. A total of 431, 53 and 20 patients had 

degenerative, secondary and mixed MR, respectively. The main 

echocardiographic parameters, including LV and left atrial size 

measurements, pulmonary artery systolic pressure and GLS were compared 

between patients with mild MR (n = 392) vs. moderate to severe MR (n = 

112). 

Results: LVEF and GLS were related one another in the pooled population, 

and separately in patients with mild and moderate/severe MR (all p < 

0.0001). However, a certain number of patients were above the upper or 

below the lower limits of the 95% confidence interval (CI) of the normal 

relation in the pooled population and in patients with mild MR. Only 2 

patients were below the 95% CI in moderate to severe MR. After adjusting 

for confounders by separate multivariate models, LVEF and GLS were 

independently associated with LV and left atrial size in the pooled population 

and in mild and moderate/severe MR. GLS, but not LVEF, was also 
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independently associated with pulmonary artery systolic pressure in 

patients with mild and moderate to severe MR. 

 

 

Figure 23. Differences in LVEF and GLS by MR degree. 

 

Conclusions: Both LVEF and GLS are independently associated with LV and 

left atrial size, but only GLS is related to pulmonary arterial pressure. GLS is 

a powerful hallmark of cardiac damage in MR. 
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CHAPTER 16 

Practical Impact of New Diastolic 
Recommendations on Non-
invasive Estimation of Left 

Ventricular Diastolic Function and 
Filling Pressures 

 

Background: In 201664, an update of the 200965 recommendations for the 

evaluation of LV diastolic function (DF) was released by the American Society 

of Echocardiography and the European Association of Cardiovascular 

Imaging. The aims of this study were to assess the concordance between the 

2016 and 2009 recommendations and to test the impact of the 

consideration of ‘‘myocardial disease’’ recommended in the 2016 update on 

the evaluation of diastolic dysfunction and LV filling pressures in patients 

with normal and reduced LV ejection fractions referred to a general 

echocardiography laboratory. 

Methods: A total of 1,508 outpatients referred to an echocardiography 

laboratory during a predefined 5-month period were prospectively enrolled. 

All patients underwent targeted clinical history and Doppler 

echocardiographic examination. Diastolic disfunction and LV filling pressures 

were assessed according to 2009 and 2016 recommendations. Concordance 

was calculated using the k coefficient and overall proportion of agreement. 

Results: Overall proportion of agreement between the two 

recommendations was 64.7% (k = 0.43). Comparing the 2009 and 2016 

recommendations, 47.5% and 36.1% patients, respectively, had diastolic 

disfunction (P < 0.0001), and 22.7% and 12.6% had elevated LV filling 

pressures (P < 0.0001). This difference remained significant in the setting of 
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patients with normal LV ejection fractions (21.6% vs 10.7%, P < 0.0001). In 

the application of the 2016 recommendations, whether or not the presence 

of ‘‘myocardial disease’’ was considered, the prevalence of indeterminate 

diastolic function was, respectively, 7.3% versus 13.7%, while patients in 

whom the diastolic disfunction grade could not be determined were 8.1% 

versus 14.4% (P < 0.0001 for all). 

 

Figure 24. Application of the first-step work flow of the 2016 recommendations to all patients with 

normal LVEFs, considering or not considering the presence of ‘‘myocardial disease.’’ Comparison of 

estimates of DD and LVFP between the correct application of the 2016 recommendations (i.e., 

considering myocardial disease; left) versus 2016 recommendations applying the first step work flow to 

all patients with normal LVEFs (right, purple boxes). Not considering ‘‘myocardial disease’’ in the decision 

tree results in a significantly higher prevalence of patients with inconclusive diagnoses. Red arrows 

denote statistically significant differences of inconclusive diagnosis. 

Conclusions: Considering the presence of myocardial disease when applying 

the 2016 recommendations resulted in a lower prevalence of inconclusive 

diagnosis. 
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Part III 

 

 

 

 

Advanced imaging tools for evaluation of 

fibrocalcific score in aortic valve stenosis:          

the use of contrast-CT 
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CHAPTER 17 

Contrast-enhanced computed 
tomography assessment of aortic 

stenosis 

 

Background: Recent guidelines recommend non-contrast CT calcium scoring 

of the aortic valve (CT-AVC) as an arbiter of aortic stenosis severity when 

echocardiographic measurements are discordant13. This recommendation is 

based on data demonstrating the diagnostic accuracy of CT-AVC as a flow-

independent measure and its correlation with disease progression and 

clinical events14-16. However, CT-AVC has several important limitations. First, 

it offers little detail about valve morphology and is unable to localise the 

anatomical distribution of calcium in the valve and surrounding structures. 

Second, CT-AVC cannot quantify fibrosis, an important contributor to valve 

stenosis, and may therefore misclassify disease severity, particularly in 

young females and those with bicuspid valves17, 18. Thus, we assessed aortic 

valve calcific and non-calcific disease using contrast-enhanced CT. 

Methods: This was a post hoc analysis of 164 patients [median age 71 (IQR 

66–77) years, 78% male] with aortic stenosis (41 mild, 89 moderate, 34 

severe; 7% bicuspid) who underwent echocardiography and contrast-

enhanced CT as part of imaging studies. Calcific and non-calcific (fibrosis) 

valve tissue volumes were quantified and indexed to annulus area, using 

Hounsfield unit thresholds calibrated against blood pool radiodensity. The 

fibrocalcific ratio assessed the relative contributions of valve fibrosis and 

calcification. The fibrocalcific volume (sum of indexed non-calcific and 

calcific volumes) was compared with aortic valve peak velocity and, in a 

subgroup, histology and valve weight.  
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Figure 25. Indexed contrast CT leaflet volumes and aortic stenosis severity. Box plots of indexed contrast 

CT calcific (A), non-calcific (B), and fibrocalcific (C) volumes according to aortic stenosis severity. P values 

for Wilcoxon rank sum test. 

 

 

Table 9. Correlations between CT aortic valve assessments and echocardiography. 
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Figure 26. Contrast-enhanced CT and histology. Case 1: A tricuspid aortic valve from a woman with a 

large amount of fibrosis (red) compared with calcification (green) on CT. Histology confirms a 

preponderance of fibrosis in the valve consistent with the CT findings. There was no clear evidence of 

valve thrombosis or lipid infiltration. Red arrow denotes the leaflet corresponding to histology. Time from 

CT to surgery: 15 days. Masson’s trichrome staining: blue sections represent collagen; red/purple 

represents calcium. Case 2: A tricuspid aortic valve from a man with a small amount of fibrosis compared 

with calcification (from the three CT slices containing the aortic valve this one was the only one with 

significant fibrosis). This was again confirmed on histological analysis of the valve leaflet. Red arrow 

denotes the leaflet corresponding to histology. Time from CT to surgery: 15 days. Verhoeff-van Gieson 

staining: black represents elastic fibres, pink collagen fibres and yellow calcium. Case 3: A bicuspid aortic 

valve from a man with extensive fibrosis and calcification in the valve. Findings were again confirmed on 

histology with the spatial distribution of calcium and fibrosis on histology appearing similar to the calcific 

and non-calcific leaflet thickening on CT (Verhoeff-van Gieson staining). Red arrow denotes the leaflet 

corresponding to histology. Time from CT to surgery: 21 days. 

 

Results: Contrast-enhanced CT calcium volumes correlated with CT calcium 

score (r=0.80, p<0.001) and peak aortic jet velocity (r=0.55, p<0.001). The 

fibrocalcific ratio decreased with increasing aortic stenosis severity [mild: 

1.29 (0.98–2.38), moderate: 0.87 (1.48–1.72), severe: 0.47 (0.33–0.78), 

p<0.001] while the fibrocalcific volume increased [mild: 109 (75–150), 

moderate: 191 (117–253), severe: 274 (213–344) mm3/cm2]. Fibrocalcific 

volume correlated with ex vivo valve weight (r=0.72, p<0.001). Compared 
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with the Agatston calcium score, fibrocalcific volume demonstrated a better 

correlation with peak aortic jet velocity (r=0.59 and r=0.67, respectively), 

particularly in females (r=0.38 and r=0.72, respectively). 

Conclusions: Contrast-enhanced CT assessment of aortic valve calcific and 

non-calcific volumes correlates with aortic stenosis severity and may be 

preferable to non-contrast CT when fibrosis is a significant contributor to 

valve obstruction.  
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CHAPTER 18 

Gaussian mixture model for 
evaluation of fibrocalcific score in 

aortic valve stenosis 

 

Background: The evaluation of Agaston calcium score by non-contrast CT 

ignores the contribution of aortic valve fibrosis in aortic valve stenosis17, 18.  

Fibrocalcific volume assessment by contrast-CT has been demonstrated to 

be an accurate method for the measure of aortic stenosis severity that 

quantifies both calcific and non-calcific leaflet volumes66. However, currently 

used technologies for the computation of the fibrocalcific volume by 

contrast-CT are time-consuming and not easily applicable into clinical 

practice. We propose a new methodology for the assessment of the aortic 

valve fibro-calcific volume applying a gaussian mixture model for this aim. 

Methods:  A post-hoc analysis of a population including patients with aortic 

stenosis (from mild to severe) (n=136, males=107, females=29) undergoing 

contrast CT was performed. Once determined the aortic valve volume of 

interest, the software estimated the Hounsfield Units distribution of three 

populations (blood pool, non-calcific and calcific tissue) and thresholds for 

non-calcific (lower 99.7 percentile of blood pool HU) and calcific tissue 

(upper 99.7 percentile blood pool HU) were automatically generated. The 

time of analysis was less than 5 minutes for each scan. The obtained calcific 

and non-calcific volumes and the fibrocalcific volume were indexed for CT 

annulus area and compared with echocardiographic aortic valve peak 

velocity. 
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Figure 27. Upper panel: Assessment of Fibrocalcific volume by the Gaussian mixture model. Lower panel: 

Gaussian mixture model output showing the distribution of the three HU populations. According to this 

distribution thresholds for non-calcific (lower 99.7 percentile of blood pool HU) and calcific tissue (upper 

99.7 percentile blood pool HU) were automatically generated.  

Results:  Intraobserver and interoberver reproducibility for the analysis of 

fibrocalcific volume by the Gaussian mixture model were excellent (both 

intraclass correlation coefficient =0.98). Fibrocalcific volume well correlated 

with echocardiographic aortic peak velocity (rho=0.70, p<0.0001). 

Upper 99.7 
percentile of 
blood pool HU 

Lower 99.7 
percentile of 
blood pool HU 

Blood pool HU 
distribution and 

mean 

Non-calcific 
tissue HU 
distribution Calcific tissue HU 

distribution 
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Considering sex distribution, despite similar correlation coefficient in males 

(rho=0.68) and females (rho=0.71) between fibrocalcific volume and aortic 

peak velocity, the correlation was mainly driven by the calcific volume in 

males whereas by non-calcific volume in females. 

 

 

 

 

 

 

 

 

Figure 28. Scatterplots showing the correlations between the indexed fibrocalcific, calcific and non-

calcific volume with echocardiographic aortic peak velocity. 
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Table 10. Correlations according to sex.  

 

Conclusions: Gaussian mixture model application represents a valuable and 

reproducible way for the assessment of fibrocalcific volume in aortic valve 

stenosis, drastically reducing time for analysis. Further studies are needed 

for the derivation of fibrocalcific leaflet volume threshold for severe aortic 

stenosis. 
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Part IV 

 

 

 

 

Advanced molecular imaging of thoracic aorta 

by 18F-Sodium Fluoride PET-CT for 

identification of microcalcification activity                    

and stroke risk prediction 
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CHAPTER 19 

Quantifying microcalcification 
activity in the thoracic aorta 

 

Background: Standard methods for quantifying PET uptake in the aorta are 

time consuming and may not reflect overall vessel activity25, 26. We describe 

aortic microcalcification activity (AMA), a novel method for quantifying 18F-

NaF uptake in the thoracic aorta. 

Methods: Twenty patients underwent two hybrid 18F-NaF PET and CT scans 

of the thoracic aorta less than three weeks apart. AMA, as well as maximum 

(TBRmax) and mean (TBRmean) tissue to background ratios, were calculated 

by two trained operators. Intra-observer repeatability, inter-observer 

repeatability and scan-rescan reproducibility were assessed. Each 18F-NaF 

quantification method was compared to validated cardiovascular risk scores. 

 

Figure 29. 18F-Sodium fluoride positron emission tomography and computed tomography in a patient 

with marked aortic wall uptake. An illustrated representation of standard whole vessel (A) and most 

diseased segment (B) as well as novel aortic microcalcification (C) methods for quantifying uptake. 

Average time taken to complete each method is shown. AMA, aortic microcalcification activity; Asc, 

ascending aorta; CT, computed tomography; PA, pulmonary artery; PET, positron emission tomography; 
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LV, left ventricle; RA, right atrium; TBR, tissue to background ratio. 

 

 

Figure 30. AMA step by step calculation. 

 

Results: Aortic microcalcification activity demonstrated excellent intra-

observer (intraclass correlation coefficient= 0.98) and inter-observer 
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(intraclass correlation coefficient= 0.97) repeatability with very good scan-

rescan reproducibility (intraclass correlation coefficient 0.86) which were 

similar to previously described TBRmean and TBRmax methods. AMA 

analysis was much quicker to perform than standard TBR assessment 

(3.4min versus 15.1min, P<0.0001). AMA was correlated with Framingham 

stroke risk scores and Framingham risk score for hard coronary heart disease 

(r=0.50 and r=0.44 respectively, p<0.05). 

 

Figure 31. Hybrid 18F-sodium fluoride positron emission tomography and computed tomography coronal 

images of the ascending aorta and arch in four patients with varying patterns and intensity of aortic wall 

18Fsodium fluoride activity: (A) Homogenously low activity across the ascending aorta and arch; (B) 

Generally low activity with a single high intensity lesion (blue arrow); (C) Moderate activity with a high 

intensity lesion (blue arrow); (D) High and intense activity throughout ascending aorta and arch. Note 

that (B) and (C) have similar values for most diseased segment maximum tissue to background ratio 

(highlighted in yellow) despite substantially different overall activity (aortic microcalcification activity 

values highlighted in green). AscAo, ascending aorta; AMA, aortic microcalcification activity; AoArch, 

aortic arch; AoRoot, aortic root; MDS, most diseased segment; LV, left ventricle; RA, right atrium; RPA, 

pulmonary artery; SUV, standardized uptake measurement; TBR, tissue to background ratio. 

Conclusions: AMA is a simple, rapid and reproducible method of quantifying 

global 18FNaF uptake across the ascending aorta and aortic arch that 

correlates with cardiovascular risk scores. 
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CHAPTER 20 

Thoracic Aortic 18F-Sodium 
Fluoride Activity and the Risk of 

Ischaemic Stroke in Patients with 
Established Cardiovascular 

Disease 

 

Background: Aortic atherosclerosis represents an important contributor to 

ischaemic stroke risk67. We investigated whether thoracic aortic 

atherosclerotic disease activity could improve the identification of patients 

at highest risk of ischaemic stroke. 

Methods: In a post-hoc observational cohort study, we quantified thoracic 

aortic and coronary atherosclerotic disease activity in 461 patients with 

stable cardiovascular disease using thoracic 18F-sodium fluoride PET-CT. 

Progression of atherosclerosis was assessed by change in aortic and 

coronary CT calcium volume and clinical outcomes were determined by the 

occurrence of ischaemic stroke and myocardial infarction respectively. We 

compared the prognostic utility of atherosclerotic disease activity to clinical 

risk scores and CT calcium quantification using survival analysis and 

multivariable logistic regression. 

Results: After 12.7±2.7 months, progression of thoracic aortic calcium 

volume correlated with baseline aortic atherosclerotic disease activity 

(n=140, r=0.31, p=0·00016). In 461 patients, 23 (5%) patients experienced an 

ischaemic stroke and 32 (7%) myocardial infarction after 6.1±2.3 years of 

follow up. High thoracic aortic atherosclerotic disease activity was strongly 

associated with ischaemic stroke [Hazard ratio 10.3 (3.1 to 34.8), p=0.0017], 

but not myocardial infarction (p=0.40). Conversely, high coronary 
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atherosclerotic disease activity was associated with myocardial infarction 

[Hazard ratio 4.8 (1.9 to 12.2), p=0.00095] but not ischaemic stroke (p=0.39). 

In a multivariable logistic regression model including imaging and clinical risk 

factors, thoracic aortic atherosclerotic disease activity was the only variable 

associated with ischaemic stroke [Odds ratio 1.76 (1.12 to 2.78), p=0.0014]. 

 

Figure 32. Area under the curve (AUC) for (A) 10-year stroke clinical risk score, (B) thoracic aortic 

atherosclerotic disease activity, and (C) thoracic aortic calcium score for the outcome of stroke. (D) Area 

under the curve analysis comparing thoracic aortic atherosclerotic disease activity, clinical risk score and 

thoracic aortic calcium score. 
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Figure 33. Cumulative incidence curves demonstrating freedom from stroke (A and C) or myocardial 

infarction (B and D) across the combined cohort. (A) Thoracic aortic atherosclerotic disease activity 

threshold of ≥1.1 (unitless) (n=461) is strongly associated with future stroke (hazard ratio 10.3 [3.1 to 

34.8], p=0·0017), (B) but not myocardial infarction (hazard ratio 1.35 [0.67 to 2.7], p=0.4). (C) Coronary 

atherosclerotic disease activity (n=382, threshold 1.56) is not associated with future stroke (hazard ratio 

1.59 [0.56 to 4.53] p=0.39) (D) but is strongly associated with future myocardial infarction (hazard ratio 

4.8 [1.9 to 12.2], p=0.0010).  

 

Conclusions: In patients with established cardiovascular disease, aortic 
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atherosclerotic disease activity predicts progression of calcific 

atherosclerosis in the thoracic aorta as well as the subsequent risk of 

ischemic stroke. Arterial 18F-sodium fluoride uptake identifies localized 

areas of atherosclerotic disease activity that are directly linked to disease 

progression and downstream regional clinical atherothrombotic events. 
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Part V 

Discussion and conclusions 
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Discussion 
 

 
Part I. Advanced cardiac ultrasound imaging for identification of early 

impairment in Hypertensive Heart Disease 

Early identification of cardiac morphological and functional changes induced 

by arterial hypertension has become crucial for a timely and adequate 

treatment, aiming at not only the avoidance of irreparable organ damage but 

also for trying to confine injury progression, thus being relevant for defining 

patients’ outcomes and prognosis68. We have demonstrated that the use of 

advanced ultrasound imaging techniques, such as speckle tracking and 3D-

echocaridography, are precious tools in this setting for the identification of 

early LV impairment.  

Real-time 3D echocardiography allows the assessment of LV geometry and in 

particular the computation of LV mass and volumes, providing an accuracy 

that is comparable to MRI, the latter considered the gold standard for this 

evaluation10-12. The use of LVM/EDV ratio, the so-called left ventricular 

remodelling index, already validated by MRI, has been proposed for the 3D-

echocardiographic evaluation of left ventricular geometry in the 

hypertensive setting. Higher values of LVM/EDV ratio corresponded to the 

increase of left ventricular wall thickness in relation with left ventricular 

internal cavity size. Elevated values of LVM/EDV ratio by MRI were associated 

with more extended areas of left ventricular myocardial fibrosis and with 

poor prognosis in hypertensive patients 28, 30. In a population of newly 

diagnosed and never-treated hypertensive patients, using 3D-LVM/EDV ratio 

we were able to recognize a higher rate of hypertensive patients with left 
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ventricular concentric remodelling in comparison to 2D derived relative wall 

thickness; these patients also presented an impairment in stroke volume 

which is a reliable measure of LV pump performance, at least as important 

as, and perhaps more important than, LVEF. Hypertensive women, being 

more likely to develop left ventricular concentric remodelling in response to 

pressure overload, presented higher values of 3D-LVM/EDV ratio than men. 

In addition, in a subsequent study we also demonstrated that elevated 3D-

LVM/EDV ratio identifies a cluster of native hypertensive patients with LV 

concentric geometry and subclinical LV diastolic and systolic dysfunction, 3D-

LVM/EDV ratio being independently associated with both E/e’ ratio and GLS. 

Accordingly, 3D-LVM/ EDV ratio offers the possibility of identifying a group 

of hypertensive patients with LV diastolic and systolic dysfunction, and 

therefore more prone to development of overt heart failure, with a better 

accuracy than the traditionally used relative wall thickness, obtainable by 2D 

echo assessment. 3D-echocardiographic technique could represent a good 

compromise between 2D-echocardiography and MRI: it shows indeed 

advantages over standard 2D-echo, as it does not need geometrical 

assumptions and could overcome some limitations due to off-axis beam 

orientation and difficult evaluation of asymmetric LVH; it is also less 

expensive than MRI69. 

Furthermore, speckle tracking echocardiography is a simple and feasible 

technique and in particular GLS had the advantage to be able to detect an 

early systolic dysfunction, even before a drop in LVEF8. GLS was 

demonstrated to be altered even at early stages of arterial hypertension6. We 

evaluated longitudinal (by GLS) and circumferential (by MFS) systolic function 

and correlations between these two functional components in newly 

diagnosed hypertensive patients without clinically defined LVH. LV systole is 
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the result of simultaneous contraction of myocardial fibers, which are 

differently arranged in three – subendocardial, midwall and subepicardial – 

layers. Myocardial fibers, aligned longitudinally in subendocardial and 

subepicardial layers and circumferentially in the midwall one, contribute to 

global LV mechanics, including reduction of minor axis, shortening of long 

axis and apical twisting 70, 71. Myocardial layers are intimately connected in 

multiple directions with a gradual transition among different orientations, 

creating a helicoidal LV architecture72. Both GLS and MFS express intrinsic LV 

wall mechanics on different planes. MFS reflects a regional shortening 

corrected for end-diastolic and end-systolic length35. GLS expresses the 

shortening of longitudinally oriented cardiomyocytes in subendocardium and 

subepicardium3. We demonstrated that first, despite normal ejection 

fraction, newly diagnosed and never-treated hypertensive patients without 

clinically defined LVH had lower GLS and MFS than healthy normotensive 

controls; second, hypertensive patients with abnormal GLS showed also an 

impairment of midwall circumferential fibers, that is a lower MFS; third, MFS 

was positively associated with GLS independently on several confounders; 

fourth, the association between MFS and GLS remained significant even in 

hypertensive patients with normal LV geometry.  

Regional LS analysis provided further information. Previous experiences 

already reported that lower basal LS than apical LS and an exacerbation of 

base-to-apex LS gradient might be evident also in hypertensive patients with 

concentric LVH73, 74. This parallels myocardial fibrosis that is found 

predominantly in LV basal and middle segments of hypertensive concentric 

LVH by late gadolinium enhancement cardiac MRI75. We extended these 

findings to early stage of hypertensive disease without clear-cut LVH, 

demonstrating that despite normal LV EF, LS dysfunction is detectable in 
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hypertensive patients, mainly involving basal and middle segments, resulting 

in higher relative regional strain ratio.  

We also evaluated that lower values of MEEi, an echo-derived parameter of 

LV performance76, at baseline identified hypertensive patients more liable to 

develop LVEF reduction. Thus, the use of MEEi could be helpful to define the 

risk profile of hypertensive patients and could represent an important 

parameter for predicting future development of LV systolic dysfunction in 

this setting. 

All these findings demonstrated that the combination of standard and 

advanced echocardiographic techniques should be carefully considered to 

diagnose subclinical cardiac organ damage in hypertensive heart disease, 

stratify prognosis and address patients’ management. Since different imaging 

tools could provide complementary information, a multi-imaging approach 

thus may help to have a more exhaustive perspective of arterial hypertension 

induced cardiovascular damage. 

 
 

Part II. Advanced ultrasound cardiac imaging in other cardiovascular 

diseases 

Advanced ultrasound imaging tools are extremely useful for the evaluation 

of cardiac function in several different clinical settings and diseases in which 

a cardiac involvement can occur. These techniques can help in the 

identification of subclinical cardiovascular impairment and in properly and 

timely addressing patients’ care. Speckle tracking derived GLS is a sensible 

echo parameter for detection of an early LV dysfunction.  

We applied the GLS strategy suggested by the ASE/EACVI Expert Consensus 
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to identify subclinical CTRCD46 and timely started cardioprotection. The 

superior feasibility77 and reproducibility (inter-exam variability of about 6%) 

of GLS in comparison with EF (about 10%) makes this parameter suitable for 

monitoring systolic function during chemotherapy. A GLS drop >15% from 

baseline is a concrete variation to predict heart failure in cancer patients 

undergoing concurrent trastuzumab and anthracycline therapy, 

independently on baseline LVEF46.  We demonstrated that in a population of 

HER2-positive breast cancer patients undergoing adjuvant therapy: (i) the 

use of GLS allows to identify subclinical CTRCD when LVEF is still normal; (ii) 

all the patients developing subclinical CTRCD without progression towards 

overt heart failure were able to complete CT without interruption, thanks to 

cardioprotective treatment; (iii) among the four patients developing 

subsequent overt CTRCD, three could complete CT with an adequate 

cardioprotective treatment; (iv) in the subgroup of patients without CTRCD a 

reduction in LVEF and GLS and an increase in E/e’ ratio was detected at the 

end of CT in comparison with baseline.  

In addition, we demonstrated that GLS and regional LS evaluations are able 

to identify an early LV systolic impairment in patients affected by AFD.  In 

naıve AFD patients, we observed an early reduction of LV LS, involving mainly 

LV basal myocardial segments with an exacerbation of the base-to-apex 

longitudinal gradient deformation and resulting in an increase in regional 

strain ratio. Nevertheless, the association found between the higher lysoGB3 

levels and the lower apical cap LS demonstrates that apical segments LS, 

despite still normal, is not spared at diagnosis.  

GLS was demonstrated to be a sensitive parameter even for the evaluation 

of LV systolic progressive impairment in patients with MR. 
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Moreover, we investigated the evidence of LV dysfunction in APS, a 

multisystemic autoimmune disease, and we demonstrated that, in APS 

patients without CAD and hemodynamically significant valve heart disease, 

abnormalities of LV diastolic function involve not only LV filling (transmitral 

E/A ratio) but also myocardial relaxation (e′ velocity) and E/e′ ratio; LV 

diastolic abnormalities were more severe in primary than in secondary APS 

and in the pooled APS population, average e′ velocity was independently 

associated with the lupus anticoagulant positivity.   

In addition, in the evaluation of LV diastolic function according to current 

guidelines in a wide population examining outpatients affected by multiple 

diseases, we emphasized that considering the presence of myocardial 

disease when applying the 2016 recommendations for LV diastolic function 

resulted in a lower prevalence of inconclusive diagnosis. 

Furthermore, the application of speckle tracking echocardiography and 3D- 

assessment to the right ventricle could provide valuable information in 

particular clinical settings. We investigated LV and RV echocardiographic 

features of IPF and no-IPF patients without evidence of any other heart 

disease, in relation with a healthy control group. In this setting we 

demonstrated that a clear alteration of RV geometry and of both systolic (in 

RV EF by 3D-echo and GLS) and diastolic function, and a substantial 

pulmonary arterial systolic pressure increase in comparison with controls, 

whereas no-IPF patients present only an alteration of RV diastolic dysfunction 

and a lower degree of pulmonary arterial systolic pressure increase. 

Moreover, an independent association between DLCOsb and RV longitudinal 

dysfunction is found in the pooled population affected by interstitial lung 

disease, it being evident in the IPF group but not the no-IPF group. 
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All these findings corroborated the usefulness of advanced ultrasound tools 

for the evaluation of cardiac early impairment in multiple different settings. 

    

Part III. Advanced imaging tools for evaluation of fibrocalcific score 

 in aortic valve stenosis: the use of contrast-CT 

 
We evaluated a novel method of contrast-enhanced CT analysis that allows 

assessment of both aortic valve calcification and non-calcific leaflet 

thickening (fibrosis) in patients with aortic valve stenosis. We demonstrated 

the feasibility of contrast-enhanced CT assessment of aortic stenosis severity, 

with the indexed fibrocalcific volume correlating better with peak aortic jet 

velocity than CT-AVC in this cohort, particularly in females. Quantifying valve 

fibrosis, an aspect of valvular disease that cannot be assessed with non-

contrast CT, may be therefore important in particular settings. Given the 

routine use of contrast-enhanced CT in clinical workflows for transcatheter 

aortic valve implantation, fibrocalcific volumes could be readily integrated 

into clinical practice, providing an alternative assessment for patients with 

uncertain disease severity. Discordant echocardiographic measures of aortic 

stenosis severity are observed in around one-third of patients14, 78. CT-AVC 

has emerged as a useful tool in these patients, providing an anatomical, flow-

independent assessment of disease severity that is well validated in 

concordant disease and supported by international guidelines. We found 

that assessments of valve calcification on contrast-enhanced CT correlated 

well with CT-AVC. However, progressive valve stiffening and narrowing in 

aortic stenosis occurs due to both fibrosis and calcification,79, 80 and CT-AVC, 

which quantifies only the latter, may underestimate aortic stenosis severity 
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in cases where valve obstruction is predominantly due to the former. We 

found the fibrocalcific volume to be a good measure of aortic stenosis 

severity that correlated well with echocardiographic measurements of valve 

haemodynamics and compared favorably with CT-AVC. Contrast-enhanced 

CT leaflet volumes also correlated with valve weight and semiquantitative 

histological assessments of calcification and fibrosis. The novel image 

analysis protocol proposed the use of flexible thresholds for defining calcific 

and non-calcific valve thickening based on contrast attenuation in the blood 

pool, and defined the aortic valve plane and annulus sizing in a uniform 

fashion that is well established, but had the disadvantage to be very time-

consuming (about 45 minutes for each scan). 

Thus, we also proposed the introduction of a Gaussian mixture model as an 

innovative approach to contrast-CT for the evaluation of fibrocalcific volume 

in aortic valve stenosis, sensibly reducing the time for analysis and obtaining 

excellent intra and inter observer reproducibility and optimal correlation 

between valve fibrocalcific volume and echocardiographic aortic peak 

velocity. Considering sex distribution, despite similar correlation coefficient 

in males and females between fibrocalcific volume and aortic peak velocity, 

the correlation was mainly driven by the calcific volume in males whereas by 

non-calcific volume in females, corroborating previous evidence showing 

lower valve calcium load in females, even indexed for body size. Thus, the 

aortic valve fibrocalcific volume as assessed by contrast-enhanced CT is an 

accurate and reproducible measure of aortic stenosis severity that quantifies 

both calcific and non-calcific leaflet volumes.  
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Part IV. Advanced molecular imaging of thoracic aorta by  

18F-Sodium Fluoride PET-CT for identification of microcalcification activity        

and stroke risk prediction. 

 
Molecular imaging techniques are increasingly being used for investigating 

disease activity in the cardiovascular system25, 26. We describe a novel 

method, AMA, which quantifies 18F-NaF across both the ascending aorta and 

aortic arch, providing a measure of overall burden of disease activity in these 

vessels. We demonstrate this method as being highly reproducible and more 

time efficient than the whole vessel technique. Moreover, it can be 

performed with a non-contrast CT, and does not require advanced post-

processing techniques, such as motion or time-delay correction, making it 

potentially more widely applicable. Out of all methods assessed including TBR 

max, TBR mean and whole vessel analysis, AMA had the strongest correlation 

with Framingham stroke risk score.  

In addition, we applied AMA assessment together with the evaluation of 

coronary microcalcification activity by PET-CT in a population with 

established cardiovascular disease. We were able to demonstrate that 

thoracic aortic atherosclerotic disease activity was associated with both 

progression of aortic atherosclerosis and subsequent 10-fold risk of 

ischaemic stroke. Moreover, we observed that atherosclerotic 18F-NaF 

uptake was specific to the circulation being assessed, with coronary 

atherosclerotic disease activity being able to identify those at risk of 

myocardial infarction but not stroke, whereas thoracic aortic atherosclerotic 

disease activity identified ischaemic stroke risk but not the risk of myocardial 

infarction.  
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Conclusions 
 
 

During this research journey we investigated: a) the role of advanced 

ultrasound imaging tools, as speckle tracking and 3D- echocardiography, for 

the evaluation of early cardiac damage in hypertensive heart disease;  b) the 

role of advanced ultrasound techniques in detecting subclinical cardiac 

impairment in multiple different diseases, including AFD, APS, CTRCD, 

interstitial lung diseases; c) the accuracy and feasibility of contrast-CT for the 

innovative evaluation of fibrocalcific volume in aortic valve stenosis; d) the 

use of advanced molecular imaging of thoracic aorta by 18F-Sodium Fluoride 

PET-CT for identification of microcalcification activity and ischeamic stroke 

risk prediction.    

The use of advanced imaging tools, representing the common denominator 

of this research, reflects the capability of different techniques in supplying 

precious information about morphological and functional cardiac 

impairment in multiple different settings, also providing valuable parameters 

for assessing better risk stratification and appropriately and timely 

addressing patients’ management. 
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List of abbreviations 
 
 2D = two-dimensional 

 3D = three-dimensional 

 18F-NaF = 18F-sodium fluoride 

 AFD = Anderson-Fabry disease 

 aGAPSS = adjusted global antiphospholipid syndrome score 

 ALS = apical longitudinal strain 

 AMA= aortic microcalcification activity 

 APS = Antiphospholipid syndrome 

 BLS = basal longitudinal strain 

 CAD= coronary artery disease 

 CPET = Cardiopulmonary exercise test 

 CT = computed tomography 

 CT-AVC = non-contrast CT calcium scoring of the aortic valve 

 CTRCD = Cancer therapy-related cardiac dysfunction 

 DF = diastolic function 

 DLCOsb = diffusion capacity for carbon monoxide 

 EDV = end-diastolic volume  

 GLS = global longitudinal strain  

 IPF = idiopathic pulmonary fibrosis 

 LS = longitudinal strain 

 LV = left ventricular  

 LVEF = left ventricular ejection fraction 
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 LVH = left ventricular hypertrophy 

 LVM = left ventricular mass 

 LVM/EDV =left ventricular mass/end-diastolic volume ratio 

 MFS = Midwall fractional shortening 

 MLS= middle longitudinal strain 

 MEEi= indexed mechano-energetic efficiency  

 MR= mitral regurgitation 

 MRI = magnetic resonance imaging 

 PET= positron emission tomography 

 PET-CT = positron emission tomography -computed tomography 

 RV = right ventricular 

 RVEF= right ventricular ejection fraction 

 TBR= tissue to background ratio 
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between midwall mechanics and Longitudinal strain in 
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Cardiovasc Imaging. 2019 Dec 1;20(12):1345-1352. 
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14) Esposito R, Galderisi M, Santoro C, Imbriaco M, Riccio E, 

Pellegrino AM, Sorrentino R, Lembo M, Citro R, Losi MA, 

Spinelli L, Trimarco B, Pisani A. Prominent longitudinal 
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treatment-naïve Anderson-Fabry disease patients. 

Eur Heart J Cardiovasc Imaging. 2019 Apr 1;20(4):438-445. 
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Santoro C, Buonauro A, Cerbone AM, Di Minno G, Galderisi 

M. Left ventricular diastolic abnormalities other than 
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17) Cadeddu Dessalvi C, Deidda M, Mele D, Bassareo PP, 
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Chemotherapy-induced cardiotoxicity: new insights into 
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18) Lembo M, Esposito R, Santoro C, Lo Iudice F,  Schiano-
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24) Carrizzo A, Forte M, Lembo M, Formisano L, Puca AA, 

Vecchione C. Rac-1 as a new therapeutic target in cerebro- 



107 
 

and cardio-vascular diseases. Curr Drug Targets. 

2014;15(13):1231-1246. 

25)  Kisialiou A, Grella R, Carrizzo A, Pelone G, 
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communication 

14) Lembo M, Lo Iudice F, Esposito R, Santoro C, Gerardi D, 
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111 
 

Rome 16-19 December 2016, oral communication 

15) Lembo M, Tufano A, Nardo A, Buonauro A, Fazio V, Schiano 
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Galderisi M. 
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16) Lembo M, Santoro C, Esposito R, Gerardi D, Sellitto V, 
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Trimarco B, de Simone G, Galderisi M.   
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Impact of pulse pressure on global longitudinal strain in a 
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76th National Congress of the Italian Society of Cardiology, 

Rome 11-14 December 2015, oral communication. 
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identifying heart failure patients at high risk for sudden 

cardiac death: a real world single centre experience.  
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value of echocardiographic quantitative technology 

XVI National congress of coronary and cardiac multi-
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