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BESIDES EJECTION FRACTION: 
THE ROLE OF 

ECHOCARDIOGRAPHY





LA DIAGNOSI DI CARDIOTOSSICITÀ

• ECG basale 

• ECG HOLTER - LOOP RECORDER 

• TEST ERGOMETRICO 

• SCINTIGRAFIA MIOCARDICA BASALE e SFORZO 

• CORONAROGRAFIA 

• RMN / MRI 

• MARKERS BIOCHIMICI (TnI – BNP)  

• ECOCARDIOGRAFIA

La cardiotox può interessare tutte le strutture cardiache 
(miocardio, pericardio, coronarie, tessuto di conduzione, valvole)



ECOCARDIOGRAFIA



RUOLO dell’ECOCARDIOGRAFIA

• Al giorno d’oggi è quasi inimmaginabile fare una 
diagnosi di una cardiopatia senza ricorrere all'echo 

• Capacità di misurare parametri strutturali e 
funzionali del cuore 

• L’Echo è l’esame cardine nella valutazione dei Pts 
pre, durante e dopo terapie antitumorali 

• Ampia disponibi l i tà , versat i l i tà , faci le 
ripetibilità, trasportabilità, sicurezza (assenza di 
radiazioni, IRC)



VALVULOPATIE

VERSAMENTO PERICARDICO

PRESSIONI POLMONARI



prevention of anticancer drug-induced LVD
According to the American College of Cardiology and
American Heart Association guidelines, patients receiving
chemotherapy may be considered a Stage A HF group, namely
those with an increased risk of developing cardiac dysfunction
[24]. Carvedilol may prevent cardiac damage induced by
doxorubicin due to its antioxidant activity. The effect of

carvedilol was confirmed in a randomized study in which
prophylactic use of carvedilol in a small population of patients
treated with anthracycline prevented LVD and reduced
mortality [31]. Nakamae et al. [32] have demonstrated that
valsartan, an angiotensin receptor blocker (ARB), given
concurrently to anthracycline-containing regimens, prevents
cardiac damage. Dexrazoxane, an iron-chelating agent,

Figure 1. Algorithm for the management of cardiotoxicity in patients receiving anthracyclines.

Figure 2. Algorithm for continuation and discontinuation of trastuzumab based on LVEF assessments.
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TIPO II
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TIPO I



La cardiotossicità è caratterizzata da almeno uno tra: 
-sintomi di scompenso cardiaco 

-segni clinici di scompenso cardiaco (es. T3 o 
tachicardia) 

-Riduzione di EF di almeno 5% sotto i 55% con 
sintomi o segni di scompenso 

-Riduzione di EF del 10% sotto i 55% senza segni o 
sintomi associati



Come deve essere 
valutata la frazione 

d’eiezione?





EF - m-MODE: TEICHOLZ
M-MODE



2D SIMPSON RULE

AP4 = 75 mm

AP2 = 73 mm



Opacificazione VS (Sonovue)



Settore Operativo Formazione 2017-2019 
Responsabile: Mauro GIORGI

WALL MOTION SCORE INDEX



Settore Operativo Formazione 2017-2019 
Responsabile: Mauro GIORGI



Settore Operativo Formazione 2017-2019 
Responsabile: Mauro GIORGI

WMSI E MORTALITÀ

 
 
 
LV Wall Motion after MI                                                                                                                                                    N. Salehi MD, et al. 

Killip’s class 3, and 119.43 ± 55.86 in 
patients from Killip’s class 4. 
There was a correlation between peak CPK-
MB and Killip’s class. The lower peak CPK-
MB in patients with Killip’s class 4 may be 
due to the early mortality of these patients. 
The distribution of different MI in Killip’s 
classes is depicted in Fig. 4.  
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 Fig. 4. Distribution of different types of MI in 
different Killip’s classes 
 
 
In Killip’s class 1, posterior MI was most 
prevalent, while in Killip’s classes 3 and 4, 
anterior MI was primarily seen. Therefore, the 
poorest prognosis was with anterior MI. 
The mean age of patients with anterior MI, 
posterior MI and infero-RV MI was 61.78 ± 
12.60, 61.17 ± 8.51 and 63.78 ± 13.25, 
respectively. 
No significant difference was seen in the 
mean age of different types of MI (P=0.601). 
Amongst the different types of MI in this 
study, anterior MI had the lowest ejection 
fraction. Ejection fraction in patients with 
anterior MI was 28.55% ± 10.83%, while 
mean ejection fraction in infero-RV and 
posterior MI was 37.5% ± 9.54% and 39.10% 
± 6.87%, respectively. 
There was a significant difference between 
different types of MI and ejection fraction. 

Mean WMSI in patients with anterior MI, 
infero-RV MI and posterior MI was             
2.23 ± 0.28, 1.96 ± 0.42 and 1.90 ± 0.28. A 
significant difference between different types 
of MI and WMSI was determined (P<0.0001), 
suggesting that WMSI is higher in anterior MI 
than both infero-RV MI and posterior MI. 
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Fig. 5.  Mortality in different group of WMSI 

 
 

Discussion 
 
In this study, we compared WMSI, as 
determined by echocardiography early after 
an acute coronary event, with Killip’s 
classification in order to determine patients’ 
risk following an acute MI episode.   
Even though there is a correlation between 
WMSI and Killip’s classes, we found WMSI 
to be a better predictor of patients’ risk than 
Killip’s classification. In our study, some 
patients with higher WMSIs fell within lower 
Killip’s classes and had poorer prognoses. 
Therefore, we suggest classifying patients 
with higher WMSI as ‘high risk’. 
Early mortality in patients with higher WMSI 
was higher than that in those with lower ones. 
Patients with higher Killip’s class and WMSI 
had lower ejection fractions. 
We propose calculating WMSI by 
echocardiography within the first several 
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Quali sono i limiti nella 
valutazione dell’EF?  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LIMITI dell’ECOCARDIOGRAFIA

• Al giorno d’oggi è quasi inimmaginabile fare una 
diagnosi di una cardiopatia senza ricorrere all'echo 

• Capacità di misurare parametri strutturali e 
funzionali del cuore 

• L’Echo è l’esame cardine nella valutazione dei Pts 
pre, durante e dopo terapie antitumorali 

• Ampia disponibi l i tà , versat i l i tà , faci le 
ripetibilità, trasportabilità, sicurezza (assenza di 



3D





Eco 3D vs MRI in pz con/senza anomalie del wall motion: 
Volumi e Frazione di Eiezione 

Pouleur AC  et al, Heart 2008;94:1050-1057

-20 ± 31

-12 ± 21

5 ± 10



Cardiac Imaging

Reproducibility of Echocardiographic
Techniques for Sequential Assessment of
Left Ventricular Ejection Fraction and Volumes
Application to Patients Undergoing Cancer Chemotherapy

Paaladinesh Thavendiranathan, MD, MSC, Andrew D. Grant, MD, Tomoko Negishi, MD,
Juan Carlos Plana, MD, Zoran B. Popović, MD, PHD, Thomas H. Marwick, MD, PHD, MPH

Cleveland, Ohio

Objectives The aim of this study was to identify the best echocardiographic method for sequential quantification of left ven-
tricular (LV) ejection fraction (EF) and volumes in patients undergoing cancer chemotherapy.

Background Decisions regarding cancer therapy are based on temporal changes of EF. However the method for EF measure-
ment with the lowest temporal variability is unknown.

Methods We selected patients in whom stable function in the face of chemotherapy for breast cancer was defined by sta-
bility of global longitudinal strain (GLS) at up to 5 time points (baseline, 3, 6, 9, and 12 months). In this way,
changes in EF were considered to reflect temporal variability of measurements rather than cardiotoxicity. A com-
prehensive echocardiogram consisting of 2-dimensional (2D) and 3-dimensional (3D) acquisitions with and with-
out contrast administration was performed at each time point. Stable LV function was defined as normal GLS
(!!16.0%) at each examination. The EF and volumes were measured with 2D-biplane Simpson’s method, 2D-
triplane, and 3-dimensional echocardiography (3DE) by 2 investigators blinded to any clinical data. Inter-, intra-,
and test-retest variability were assessed in a subgroup. Variability was assessed by analysis of variance and
compared with Levene’s or t test.

Results Among 56 patients (all female, 54 " 13 years of age), noncontrast 3D EF, end-diastolic volume, and end-
systolic volume had significantly lower temporal variability than all other methods. Contrast only decreased the
temporal variability of LV end-diastolic volume measurements by the 2D biplane method. Our data suggest that
a temporal variability in EF of 0.06 might occur with noncontrast 3DE due to physiological differences and mea-
surement variability, whereas this might be #0.10 with 2D methods. Overall, 3DE also had the best intra- and
inter-observer as well as test-retest variability.

Conclusions Noncontrast 3DE was the most reproducible technique for LVEF and LV volume measurements over 1 year of
follow-up. (J Am Coll Cardiol 2013;61:77–84) © 2013 by the American College of Cardiology Foundation

Sequential measurement of ejection fraction (EF) is used in
a variety of conditions, perhaps most commonly in the
assessment of potential cardiotoxicity from chemotherapy or
immune therapy in patients with malignancies (1). Cardio-
toxicity is most commonly defined as a reduction of the
left ventricular (LV) EF of "5% to $55% with symp-
toms of heart failure or an asymptomatic reduction of the
LVEF of "10% to $55% (2). Because decisions regard-
ing cessation of lifesaving therapy (3) are based on

changes in EF values (4,5), it is important that EF
measurement should not only be accurate but also have
the lowest temporal variability such that a change in EF
truly represents cardiotoxicity.

See page 85

Echocardiography remains the most common modality
for EF measurements, but the method for EF measurement
with the lowest temporal variability is unknown. Although
3-dimensional echocardiography (3DE) has been shown to
be more accurate than 2-dimensional echocardiography
(2DE) for both ventricular volume and EF measurements
when compared with cardiac magnetic resonance imaging
(6,7), no head-to-head comparison of 3DE with 2D meth-

From the Department of Cardiology, Heart and Vascular Institute, Cleveland Clinic,
Cleveland, Ohio. The authors have reported that they have no relationships relevant
to the contents of this paper to disclose.

Manuscript received June 20, 2012; revised manuscript received August 24, 2012,
accepted September 4, 2012.
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breast cancer. In addition, this work also provides an
estimate of the minimal change in EF and volumes above
which 2 measurements should be considered to significantly
differ in excess of temporal and observer variability. Non-
contrast 3DE was most consistently superior for temporal
and observer variability for both EF and volume measure-
ments. Contrast administration did not improve variability
in measurements of EF or volumes in this population. Our
data indicate that a change in EF as high as 0.05 to 0.06 can
be seen over time with noncontrast 3D EF, due physiolog-
ical changes, acquisition differences, and observer variability.
In comparison this variability can be close to 0.10 to 0.13
with 2D techniques.
Sequential follow-up by echocardiography. In patients
with cancer, multiple studies are repeated during chemo-
therapy to monitor changes in EF as a marker of cardio-
toxicity, and this and other indications for repeat testing are
considered appropriate practice (14 ). However, the wide
CIs with 2DE reported in previous studies raises concern
about erroneously stopping chemotherapy due to changes in
EF that occur only due to variability on repeat testing.
Indeed, the utility of 2DE for sequential follow-up of
patients for LV volumes and function has been disappoint-
ing, with 11% being the smallest change in EF that can be
recognized with 95% confidence (15). A significant propor-
tion of this variability has been attributed to test-retest
variability (15).

The recommendation to perform sequential echocardio-
grams in these patients would be strengthened if measures
of LV function were sufficiently robust to more faithfully

reflect variations in physiological differences between the
repeated studies. Cross-sectional studies have shown 3DE
to have less variation between studies than 2DE in com-
parison with magnetic resonance imaging (6,7). Only 1
study has illustrated more reproducible LV measurements
with 3DE on temporal follow-up on the basis of 2 time
points in patients with coronary artery disease (16). To
our knowledge, this is the first study to compare 2D and
3D methods with and without contrast administration in
a longitudinal study with multiple repeated echocardio-
grams to determine the method with the lowest temporal
variability.

In this study, controlling for nonphysiological changes in
EF and volumes with strain and clinical parameters, non-
contrast 3DE was superior to 2DE methods and contrast
3DE with respect to temporal variability in EF and vol-
umes. The superiority compared with 2DE methods is a
reflection that 3DE does not make any geometric assump-
tions for EF and volume measurements and is less affected
by acquisition differences from 1 scan to the next, as often
seen with 2DE (7,17). In addition noncontrast 3DE vol-
umes and EF were measured with a semi-automated
method where automatically generated contours are only
modified if necessary. This is in contrast to manual endo-
cardial contouring in all other methods where there can be
significant differences in the interpretation of endocardial
borders. The improved reproducibility of semi-automated
versus manual contouring has been previously illustrated by
others both with 2DE and 3DE (18,19). Specifically, this
latter reason likely accounts for the higher variability of

Interobserver and Intraobserver Variability and Minimal Detectable Change for EF Measurements by All 6 TechniquesTable 2 Interobserver and Intraobserver Variability and Minimal Detectable Change for EF Measurements by All 6 Techniques

Bi Bi ! Co Tri Tri ! Co 3D 3D ! Co

Intraobserver 0.033* 0.035* 0.038* 0.037* 0.017 0.026

Min ! detectable 0.090 0.098 0.104 0.102 0.048 0.072

Interobserver 0.040 0.051* 0.049* 0.048* 0.027 0.038

Min ! detectable 0.111 0.142 0.135 0.133 0.075 0.100

Interobserver test-retest 0.047* 0.055* 0.058* 0.069* 0.022 0.042*

Min ! detectable 0.013 0.152 0.162 0.192 0.060 0.115

Noncontrast 3D had the lowest intraobserver and interobserver test-retest observer variability and the smallest minimal detectable change. An ejection fraction (EF) of 0.033 corresponds to 3.3%. *p "
0.01 t test compared with noncontrast 3D.

Bi # biplane Simpson’s; BP $ Co # biplane Simpson’s with contrast; Tri # triplane; Tri $ Co # triplane $ contrast; 3D # 3-dimensional; 3D $ Co # 3-dimensional with contrast.

Interobserver and Intraobserver Variability for EDV and ESV Measurements and Minimal Detectable Change byAll 6 TechniquesTable 3 Interobserver and Intraobserver Variability for EDV and ESV Measurements and Minimal Detectable Change by
All 6 Techniques

Bi Bi ! Co Tri Tri ! Co 3D 3D ! Co

EDV ESV EDV ESV EDV ESV EDV ESV EDV ESV EDV ESV

Intraobserver 8.4 5.3* 6.5 3.7 7.8 3.8 5.7 3.8 5.1 2.9 6.1 4.7

Min ! detectable 23.2 14.7 18.0 10.4 21.5 10.5 15.9 10.4 14.3 8.1 16.8 13.0

Interobserver 16.5† 7.4* 8.7 4.1 15.1† 9.2* 10.2 5.2 9.0 4.4 10.0 4.9

Min ! detectable 45.7 22.9 24.2 11.4 41.9 25.4 28.3 14.5 25.0 12.2 27.6 13.5

Test re-test 21.4† 10.3 13.8 6.9 13.8 8.7 12.6 6.9 12.6 5.0 10.9 6.9

Min ! detectable 59.3 28.8 37.6 19.2 38.3 24.1 35.0 19.0 34.8 13.9 30.1 19.1

Interobserver and intraobserver variability for end-diastolic volume (EDV) and end-systolic volume (ESV) measurements (ml) and minimal detectable change (ml) by all 6 techniques. *p " 0.01 t test
compared with noncontrast 3D ESV; †p " 0.01 t test compared with noncontrast 3D EDV.

Abbreviations as in Table 2.
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bserver variability, but this was not seen with the 3D
technique.
Test-retest variability. The overall interobserver test-
retest variability for EF and volumes for each method is also
summarized in Tables 2 and 3, respectively. For EF and
ESV measurements, noncontrast 3DE had the lowest vari-
ability, with minimal detectable EF and ESV differences of
0.060 and 14 ml, respectively. For EDV measurement, 3D
with contrast had the lowest variability followed by 3D

without contrast. The minimal detectable changes for EDV
with these methods were 30.1 and 34.8 ml, respectively.

Discussion

This study provides a comparison of temporal and observer
variability in EF and volume measurements with commonly
used echocardiographic methods in patients with stable
ventricular systolic function undergoing chemotherapy for

Figure 4 Temporal Variability in EDV and ESV

Temporal variability is defined as the SEM and 95% CIs for each technique for
the entire follow-up period. Noncontrast 3D had the lowest temporal variability
and 95% CI for EDV and ESV measurements (lower panel) compared with all
methods (p ! 0.01 for all comparisons against noncontrast 3D). *p ! 0.05
for comparison of contrast enhanced to noncontrast acquisition for the respec-
tive technique. Abbreviations as in Figures 1 and 3.

Figure 2 Mean EF and Volumes for Each Time Point

For each method compared, the EF, EDV, and ESV at each time point is the mean for all patients with available data at that time point.
Error bars illustrate 1 SD. Abbreviations as in Figure 1.

Figure 3 Temporal Variability in EF

The temporal variability is defined as the standard error of measurement (SEM)
and 95% confidence intervals (CIs) for each technique for the entire follow-up
period. Noncontrast 3D had the lowest temporal variability and 95% CI for EF
measurements (lower panel) compared with all methods (p ! 0.01 for all com-
parisons against noncontrast 3D). *p ! 0.05 for comparison of contrast
enhanced to noncontrast acquisition for the respective technique. Abbrevia-
tions as in Figure 1.
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Reproducibility of Echocardiographic
Techniques for Sequential Assessment of
Left Ventricular Ejection Fraction and Volumes
Application to Patients Undergoing Cancer Chemotherapy

Paaladinesh Thavendiranathan, MD, MSC, Andrew D. Grant, MD, Tomoko Negishi, MD,
Juan Carlos Plana, MD, Zoran B. Popović, MD, PHD, Thomas H. Marwick, MD, PHD, MPH

Cleveland, Ohio

Objectives The aim of this study was to identify the best echocardiographic method for sequential quantification of left ven-
tricular (LV) ejection fraction (EF) and volumes in patients undergoing cancer chemotherapy.

Background Decisions regarding cancer therapy are based on temporal changes of EF. However the method for EF measure-
ment with the lowest temporal variability is unknown.

Methods We selected patients in whom stable function in the face of chemotherapy for breast cancer was defined by sta-
bility of global longitudinal strain (GLS) at up to 5 time points (baseline, 3, 6, 9, and 12 months). In this way,
changes in EF were considered to reflect temporal variability of measurements rather than cardiotoxicity. A com-
prehensive echocardiogram consisting of 2-dimensional (2D) and 3-dimensional (3D) acquisitions with and with-
out contrast administration was performed at each time point. Stable LV function was defined as normal GLS
(!!16.0%) at each examination. The EF and volumes were measured with 2D-biplane Simpson’s method, 2D-
triplane, and 3-dimensional echocardiography (3DE) by 2 investigators blinded to any clinical data. Inter-, intra-,
and test-retest variability were assessed in a subgroup. Variability was assessed by analysis of variance and
compared with Levene’s or t test.

Results Among 56 patients (all female, 54 " 13 years of age), noncontrast 3D EF, end-diastolic volume, and end-
systolic volume had significantly lower temporal variability than all other methods. Contrast only decreased the
temporal variability of LV end-diastolic volume measurements by the 2D biplane method. Our data suggest that
a temporal variability in EF of 0.06 might occur with noncontrast 3DE due to physiological differences and mea-
surement variability, whereas this might be #0.10 with 2D methods. Overall, 3DE also had the best intra- and
inter-observer as well as test-retest variability.

Conclusions Noncontrast 3DE was the most reproducible technique for LVEF and LV volume measurements over 1 year of
follow-up. (J Am Coll Cardiol 2013;61:77–84) © 2013 by the American College of Cardiology Foundation

Sequential measurement of ejection fraction (EF) is used in
a variety of conditions, perhaps most commonly in the
assessment of potential cardiotoxicity from chemotherapy or
immune therapy in patients with malignancies (1). Cardio-
toxicity is most commonly defined as a reduction of the
left ventricular (LV) EF of "5% to $55% with symp-
toms of heart failure or an asymptomatic reduction of the
LVEF of "10% to $55% (2). Because decisions regard-
ing cessation of lifesaving therapy (3) are based on

changes in EF values (4,5), it is important that EF
measurement should not only be accurate but also have
the lowest temporal variability such that a change in EF
truly represents cardiotoxicity.

See page 85

Echocardiography remains the most common modality
for EF measurements, but the method for EF measurement
with the lowest temporal variability is unknown. Although
3-dimensional echocardiography (3DE) has been shown to
be more accurate than 2-dimensional echocardiography
(2DE) for both ventricular volume and EF measurements
when compared with cardiac magnetic resonance imaging
(6,7), no head-to-head comparison of 3DE with 2D meth-
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to the contents of this paper to disclose.
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Accurate calculation of LVEF should be done 
with the best method available in the echo 
laboratory (ideally 3DE)



EF e PITFALLS
• Ogni Pt è caratterizzato da condizioni funzionali ed 

emodinamiche diverse 

• L’EF non riflette accuratamente lo stato contrattile del 
miocardio, essendo influenzata dalle condizioni di 
carico (      annotare FC e PAO durante gli esami!) 

• L’EF non sempre riflette la portata cardiaca, che può: 
– essere conservata in Pts con bassa EF, ma VS di 

volumetria aumentata 

– essere ridotta in Pts con EF normale, ma piccola 
volumetria ventricolare / ipertrofia o insufficienza 
mitralica severa o compromissione della funzione 
diastolica



•↓ EF = perdita di cardiomiociti (danno irreversibile)

• EF normale anche con alterazioni cinesi segmentaria

EF = indice tardivo, poco sensibile e poco 
specifico, con bassa accuratezza diagnostica e 
scarso potere predittivo 

VALUTAZIONE dell’EF: LIMITI

OBIETTIVO DEL CARDIONCOLOGO:
identificazione precoce dei Pts a rischio di sviluppare 
una disfunzione VS ➙ personalizzazione del 
programma terapeutico cht e cardioprotezione

(= identificazione del danno in fase pre-clinica)



Esistono altre tecnologie 
per evidenziare una CTX, 

prima della riduzione 
dell’EF?



MAPSE
V.N. > 12 mm

MAPSE = “Mitral Annular Plane Systolic Excursion"



DOPPLER TISSUTALE

S2 ≧ 8 cm/s

s

S1: evidente in ipertensione, 
ipertrofia, anziani, CMP 

ipocinetica, CAD



FUNZIONE DIASTOLICA

Quinones ASE Review 2007



PW: E/A

TDI: E/E’

PW: E/A

PW: vv polmonari

PW: E/A

Color m-mode: 
VP





Valutazione sisto-diastolica: durata del periodo di contrazione 
isovolumetrica (IVCT) e di rilasciamento isovolumetrico (IVRT) su 
eiezione ao (ET) = TEI Index

Index of Myocardial Performance (IMP)

V.N.  
< 0.4 (PW) 

< 0.55 (TDI)



39 ♀, liposomal-doxo, 4 f.u.: fine, 6, 12, 18-24 m
EF e funzione diastolica



E/A ratio

EF

Onda E

E/E’ ratio

Onda E

CONCLUSIONI: 
- EF con V-shaped trend
- Onde E ed E’lat/sett con L-shaped trend
➜ recupero EF, ma persistente disfunzione diastolica



Tissue Doppler imaging  may be more sensitive  than ECG, 
conventional  ECHO  and  Doppler  for  determining  the 
subclinical cardiac damage.



Nelle ultime Linee 
Guida si dà molta 

rilevanza allo STRAIN  



LO STRAIN 



Il cuore: i fasci muscolari



Le FIBRE MIOCARDICHE

‣Subendocardio: longitudinali

‣Midwall: circonferenziali

‣Subepicardio: longitudinali (radiali)

L’EF valuta solo  
l’accorciamento radiale, 

ma l’accorciamento 
longitudinale contribuisce 
al 60% della contrazione !



SPECKLE TRACKING

• The random distribution of the speckles ensures that each region of the myocardium has an unique 
pattern, a fingerprint.   

•The speckles follow the motion of the myocardium so when the myocardium moves from one frame to 
the next, the position of this fingerprint will shift slightly, remaining fairly constant.  

•Thus, if a region (kernel) is defined in one frame, a search algorithm will be able to recognise the lie 
sized and shaped area with the most similar speckle pattern in the next frame, within a defined search 
area and hence, to find the new position of the kernel 

KERNEL

Lo speckle è una 
nuova metodica in 
grado di valutare lo 

strain tramite 
un’acquisizione 

standard 2D



2D STRAIN: AFI



2D STRAIN: AFI - BULL’S EYE

GLPS
Global
Longitudinal
Peak
Systolic

V.N. <  -18%



K mammella: PRE / POST CT-RT

PRE F.U. 6 mesi



PRE

POST 

LINFOMA

EF 59%

EF 56%





4D STRAIN



LONGITUDINALE

CIRCONFERENZIALE RADIALE

STRAIN



4D STRAIN

Long Circ

Long

Area

Long

Rad



Table 4 Clinical studies using STE-derived deformation indices during or early after cancer treatment

Study

Echocar-
diographic
method Cancer type n Age, yrs

Female,
% Treatment

Echocardiography
timing Pre-echo Post-echo

Cardiotoxicity
Rate (%)

Thresholds
for Toxicity
Prediction Vendor, Reproducibility

Mornos
et al.
(2013)234

STE Breast
lymphoma,
ALL, AML,
osteosarcoma

74 & 37
controls

51 611 58 Anthracyclines Pre, post, and
6, 12, 24 and
52 weeks

GLS -21.2 6 2.5%
GRS 47.8 6 5.3%

GLS -19.0 6 2.4%
GRS 41.1 6 5.4%
(6 weeks)

13 DGLS 2.8% (13.1%
relative),
sensitivity 79%
and specificity
73% at 6 weeks
for toxicity at 24
-52 weeks

GE, intraobserver
ICC for GLS 0.95,
interobserver 0.91

Negishi
et al.
(2013)155

STE Breast 81 50 6 11 100 Trastuzumab,
doxorubicin 46%
RT 62%

Pre-trastuzumab,
and 6 and
12 months later

GLS -20.7 6 2.6%
GLSR -1.17 6
0.24/s GLSR-E
1.36 6 0.28/s

GLS -18.3 6 2.1%
GLSR -1.00 6
0.15/s GLSR-E
1.20 6 0.28/s (at 6
months in patients
who later had
toxicity)

30 GLS change $11%
between pre-
treatment and 6
months, sensitivity
65%, spec 95% or
absolute GLS
>-20.5 at 6
months, sensitivity
96%, spec 66%
for toxicity at 12
months

GE, intraobserver
ICC (95% CI) for
GLS 0.85 (0.54%-
0.96%), GSLR
0.91 (0.70-0.98/s),
GLSR-E 0.90
(0.66-0.97/s),
Interobserver 0.71
(0.23%-0.92%),
0.85 (0.28-0.97/s),
0.87 (0.56-0.97/s)

Baratta
et al.
(2013)235

STE Breast 36 47 6 16 58 Doxorubicin 58%
trastuzumab 22%

Pre- and 2,3,4,
and 6 months
after start
of therapy

GLS -20.3 6 2.7%
GRS 53.1 6 4%

GLS -18.9 6 2.5% (3
months) GRS 50
6 3.9% (4 months)

19.4 GLS fall $ 15% at 3
months, sensitivity
86%, spec 86%.
GRS fall $ 10% at
4 months,
sensitivity 86%
spec 69%

GE, mean (SD)
absolute
difference inter/
intraobserver GLS
0.6 (1.4%)/0.2 (1/
1%), GRS 3.4
(7.1%)/3.2 (6.6%)

Sawaya
et al.
(2012)160

STE Breast 81 50 6 10 100 Doxorubicin,
epirubicin,
trastuzumab, RT
60%

Pre-anthracycline
and at 3, 6, 9,
12, and 15 months

GLS -21 6 2%
GRS 53 6 15%
GCS -18 6 4%

GLS -19 6 2% GRS
50 6 17% GCS
-16 6 4% at 3
months

32 Absolute GLS <
-19% at 3 months,
sensitivity 74%,
spec 73% for
subsequent
toxicity

GE, same variability
as in previous
study (153)

Sawaya
et al.
(2011)153

STE Breast 43 49 6 10 100 Doxorubicin,
epirubicin,
trastuzumab, RT
11.6%

Pre-anthracycline
and at 3 and
6 months

GLS -20.5 6 2.2%
GCS 18 6 4%

GLS -19.3 6 2.4%
GCS 15 6 4%

21 GLS fall > 10% at 3
months, sensitivity
78%, spec 79%
for toxicity at 6
months

GE, intraobserver as
absolute mean
error (SD) GLS
-0.14 (1.1%),
interobserver 0.5
(1.5%)

Fallah-Rad
et al.
(2011)156

STE Breast 42 47 6 9 100 Epirubicin,
doxorubicin,
trastuzumab, RT
98%

Pre-anthracycline,
Pre-trastuzumab
and at 3, 6, 9,
and 12 months

GLS -19.8 6 1.8%
GLS 41.4 6
15.2%

GLS -16.4 6 1.1%
GRS 34.5 6
15.2% (3 months
into trastuzumab)

24 Absolute GLS fall of
2.0%, sensitivity
79%, spec 82%.
Absolute GRS fall
of 0.8%, sensitivity
86%, spec 81%
for subsequent
toxicity

GE, intraobserver as
ICC (COV) GLS
0.94 (3.5%), GRS
0.91 (3.2%).
Interobserver 0.90
(5.2%), 0.82
(5.4%)

Hare
et al.
(2009)162

TDI and
STE

Breast 35 51 6 8 100 Doxorubicin,
epirubicin,
trastuzumab, RT
77%

Pre- and/or
post-
anthracycline
and at 3-month

STE GLSR -1.30 6
0.21/s STE RSR
2.02 6 0.61/s

STE GLSR -1.24 6
0.18/s (by 3
months) STE RSR
1.75 6 0.41/s (by

14 A >1 SD drop in
GLSR (toxicity at
mean follow-up of
22 6 6 months)

GE, intra/
interobserver as
ICC for 2D GLS
0.94/0.91, GLSR

(Continued )
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CONCLUSIONI :
- 3D-strain area e circonferenziale significativamente ridotti
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Cardio-Oncology: Role of Echocardiography

Hector R. Villarraga⁎, Joerg Herrmann, Vuyisile T. Nkomo
Division of Cardiovascular Diseases, Mayo Clinic, Rochester, MN, United States

A R T I C L E I N F O A B S T R A C T

Current therapies for cancer have improved life expectancy of patients. Breast cancer and
lymphoma survivors in up to 26% of cases can develop complications as a consequence of the
chemotherapeutic and radiotherapeutic treatments. Echocardiography is a noninvasivemethod
that can in all stages of cancer treatment perform a comprehensive evaluation and detect
coronary, myocardial, valve and pericardial disease complications secondary to the therapeutic
regimen used (radiotherapy and/or chemotherapy). Three-dimensional echocardiography
derived left ventricular ejection fraction (LVEF) has an excellent correlation with cardiac
magnetic resonance imaging and can be used to monitor LVEF; 2-dimensional speckle tracking
echocardiography (2D-STE) derived strain and strain rate can detect changes in myocardial
mechanics before changes in LVEF occur and can predict a future decrease in ejection fraction to
less than 50% or of greater than 10% indicative of cardiotoxicity. Echocardiography should be
used as themethod of choice to evaluate serial changes in heart function, detect late side effects
of treatment, and to identify patients at risk of a future decrease in LVEF.

© 2014 Elsevier Inc. All rights reserved.
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Cardio-oncology
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Breast cancer
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Modern-day cancer treatment can induce a number of cardiovas-
cular (CV) complications. As the population ages and cancer
survival rates improve, CV complications related to cancer
treatment are becoming more prevalent. The specifics of these
complications vary by the types of therapies utilized. Up to 26% of
breast cancer and leukemia/lymphoma survivors experience
cardiotoxicity or overt heart failure (HF) later in life due to the
cardiotoxic effects of therapeutic agents used in chemotherapy.1,2

Additionally, radiation therapy (RT) has been linked to valvular
heart disease (VHD), constrictive pericarditis, and early coronary
artery disease (CAD), and the likelihood of developing HF can
increaseby14%when the left chest is irradiatedwithconcomitant
use of an anthracycline agent.3

Therefore, when evaluating patients with a history of
oncological treatment, it becomes imperative to obtain a
comprehensive history of the modes of therapy employed. In
regards to chemotherapy, there are agents that primarily

affect cardiac function (e.g. anthracyclines and Herceptin),
vascular function (e.g. 5-FU and capecitabine), or both (e.g.
bevacizumab and sunitinib). RT leads to an all-encompassing
form of injury to the myocardium, the pericardium, the valvular
apparatus, and the coronary vasculature—from epicardial to
microvascular level.

In this review article, we outline the pathophysiologic
changes affecting the heart after chemotherapy and RT and
the different echocardiographic findings associated with
these two treatment modalities.

Chemotherapy

An operational classification has been introduced to organize
the broad spectrum of cardiotoxicity observed with numerous
chemotherapeutics.4 Accordingly, the distinction has been
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stress test and overall 23% of the patients developed CAD
events during 6.5 years of follow up.64 The positive predic-
tive values for stress echocardiography were 80% for
detecting ≥70 and 87% to detect > 50% coronary stenosis,
respectively. The mean age of the patients studied was
42 years arguing that CAD is common following mediasti-
nal RT. The patients were at high risk of acute coronary
syndromes or sudden death and these events were predict-
ed by resting regional wall motion abnormalities or an
abnormal stress test.64

Valvular heart disease

Radiation-induced VHD may be characterized by thickening,
fibrosis, and calcification of the leaflets65–68 (Fig 2). These

changes may be contiguous or discrete and include the aortic
root, aortic valve annulus, aortic valve leaflets, aortic–mitral
inter-valvular fibrosa, mitral valve annulus, and the base and
mid-portions of the mitral valve leaflets, but the mitral valve
tips and commissures are typically spared, a distinction from
rheumatic valve disease.66

Echocardiography is sensitive and superior to physical
examination in detecting valve disease. RT-induced VHD is
typically left sided and is not uncommon in the first 10 years
following chest RTwhere it typicallymanifests asmildmitral or
aortic valve regurgitation.63,69,70 More significant ≥ moderate
VHD is more common after 10 years of RT71 and it is not
uncommon for the valve disease to be mixed (i.e. both stenotic
and regurgitant) and for multiple valves to be affected. Mitral
stenosis is particularly challenging to quantitate because of
associated mitral annulus calcification and underlying DD and
direct simultaneous cardiac catheterization of the left atrium
and ventricle is often useful in hemodynamic assessment of
severity of mitral inflow gradient and degree of DD. Extensive
mitral annulus calcification may also obscure mitral regurgita-
tion because of shadowing artifact during echocardiography
and use of transesophageal echocardiography is recommended
in those situations.

Screening for radiation-induced heart disease

Recommendations for monitoring patients following RT
were recently published in the joint report by the European
Association of Cardiovascular Imaging and the ASE.72 A yearly
targeted clinical examination including history and physical
examination is recommended. Findings suspicious for CV

Fig 1 – Graph illustrating the dynamic changes in LVEF (blue), GLS% (red) and GLSRs sec-1 (green) at different time points during
chemotherapy treatment. Notice the changes in GLS and GLSRs before a significant drop in LVEF.

Table 3 – Risk factors for radiation-induced heart disease
(with permission72).

Anterior or left chest irradiation location
High cumulative dose of radiation (> 30 Gy)
Younger patients (< 50 years)
High dose of radiation fractions (> 2 Gy/day)
Presence and extent of tumor in or next to the heart
Lack of shielding
Concomitant chemotherapy (anthracyclines increase the risk)
Cardiovascular risk factors (i.e. diabetes, smoking, overweight,
≥moderate hypertension, hypercholesterolemia)
Pre-existing cardiovascular disease

High-risk patients definition: anterior or left side chest irradiation
with ≥ 1 risk factors for radiation-induced heart disease.
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Use of Myocardial Strain Imaging by
Echocardiography for the Early Detection
of Cardiotoxicity in Patients During and
After Cancer Chemotherapy
A Systematic Review

Paaladinesh Thavendiranathan, MD,*y Frédéric Poulin, MD,* Ki-Dong Lim, MD,*
Juan Carlos Plana, MD,z Anna Woo, MD,* Thomas H. Marwick, MDx
Toronto, Ontario, Canada; Cleveland, Ohio; and Hobart, Australia

The literature exploring the utility of advanced echocardiographic techniques (such as deformation imaging) in the
diagnosis and prognostication of patients receiving potentially cardiotoxic cancer therapy has involved relatively
small trials in the research setting. In this systematic review of the current literature, we describe echocardiographic
myocardial deformation parameters in 1,504 patients during or after cancer chemotherapy for 3 clinically-relevant
scenarios. The systematic review was performed following the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines using the EMBASE (1974 to November 2013) and MEDLINE (1946 to
November 2013) databases. All studies of early myocardial changes with chemotherapy demonstrate that
alterations of myocardial deformation precede significant change in left ventricular ejection fraction (LVEF). Using
tissue Doppler-based strain imaging, peak systolic longitudinal strain rate has most consistently detected early
myocardial changes during therapy, whereas with speckle tracking echocardiography (STE), peak systolic global
longitudinal strain (GLS) appears to be the best measure. A 10% to 15% early reduction in GLS by STE during
therapy appears to be the most useful parameter for the prediction of cardiotoxicity, defined as a drop in LVEF
or heart failure. In late survivors of cancer, measures of global radial and circumferential strain are consistently
abnormal, even in the context of normal LVEF, but their clinical value in predicting subsequent ventricular
dysfunction or heart failure has not been explored. Thus, this systematic review confirms the value of
echocardiographic myocardial deformation parameters for the early detection of myocardial changes and prediction
of cardiotoxicity in patients receiving cancer therapy. (J Am Coll Cardiol 2014;63:2751–68) ª 2014 by the
American College of Cardiology Foundation

The mortality rate among patients with cancer has decreased
over the past 20 to 30 years (1,2). However, cardiac toxicity
(cardiotoxicity) from cancer therapy has become a leading
cause of morbidity and mortality in survivors (3,4). In
patients who develop heart failure (HF) from cancer therapy,
the mortality rate is as high as 60% by 2 years (5). Therefore,
contemporary management of patients with cancer should
include careful consideration of potential cardiotoxicity

during therapy, with a focus on early detection and inter-
vention (6).

Historically, several definitions of cardiotoxicity have been
proposed (7). The most commonly used definition is a
!5% reduction in symptomatic patients (or !10% reduction
in asymptomatic patients) in the left ventricular ejection
fraction (LVEF) from baseline to an LVEF <55% (8).
Early detection of cardiotoxicity has predominantly relied
upon serial cardiac imaging to identify a reduction in left
ventricular (LV) function without signs or symptoms of
heart failure (stage B HF) (9). The use of LVEF has
important limitations. First, the measurement of LVEF is
subject to technique-related variability, which can be higher
than the thresholds used to define cardiotoxicity (8,10).
Second, the reduction in LVEF is often a late phenomenon,
with failure to recover systolic function in up to 58% of pa-
tients despite intervention (11–15). Hence, there has been a
growing interest in markers of early myocardial changes (i.e.,
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and computed tomography or MRI IS superior in imaging for
pericardial thickening, inflammation, or calcification and
imaging the pericardium in its entirety.54 Pericarditis may
also be delayed and occurs either several months or years
following RT and manifest clinically as symptomatic pericar-
ditis or asymptomatic pericardial effusion of varying size with
or without tamponade, or as calcific or non-calcific constric-
tive pericarditis. Echocardiography is useful in the quantita-
tion of size of pericardial effusion and in the assessment of
tamponade or constrictive physiology.55,56

Left ventricular systolic and diastolic dysfunction

Myocardial injury from radiation can occur as a direct of
toxic effect to myocardial cells or secondary to both small
and large vessel disease. This can manifest as varying
degrees of systolic and or diastolic dysfunction (DD) and
may be symptomatic or asymptomatic. Echocardiography
will detect either global hypokinesis or regional wall motion
abnormalities which may or may not correlate to a par-
ticular coronary distribution.

Definition of LV systolic dysfunction as a result of
cardiotoxicity due to RT varies in the literature where some
propose a drop in LVEF by 10–20% or to below 50 or 45% as
evidence57 while others support the use of more sensitive
measurements such as LV systolic strain or LV-2DE52,58–60

which can detect subtle disturbances in LV systolic function
before a visible drop in LVEF.

Changes in LV strain pattern can be seen relatively soon
after RT exposure and may be dose dependent58 and has
been studied after acute in breast cancer patients. De-
creased strain was present immediately following radiation
exposure as well as at 2 months' follow up, specifically at

the apical segments, in those who received more than 3 Gy
to the left breast.61

DD, even in the absence of systolic dysfunction, is not
uncommon in patients following RT. Heidenreich et al. deter-
mined the prevalence of DD and its association with prognosis
in 294 asymptomatic patients after at least 35 Gy ofmediastinal
RT for Hodgkin disease. The patients had no known CV disease
prior to RT. DD was found in 14% (mild in 9% and moderate in
5%). Older age and longer time after RT were associated with
higher incidentDD. The presence of anyDDwas also associated
with worse-event free survival after adjusting for other
patient and clinical factors that would impact survival.
Also, patients with DD were more likely to have an abnormal
stress echocardiography or nuclear scintigraphy.61

Advanced DD should be suspected following RT in a patient
who presents with HF with preserved LV systolic function. It is
imperative also in this particular scenario to exclude constrictive
pericarditis since this can present as severe HF with preserved
systolic function, and pericardiectomy, although high risk, may
help alleviate the HF.62,63 Constriction, however, may coexist
with myocardial disease which presents a difficult clinical
challenge both from a diagnostic and management standpoint.

Coronary artery disease

Resting or stress-induced regional wall motion abnormal-
ities are clues to underlying CAD. Resting regional wall
motion abnormalities were present in 21.4% of 294 asymp-
tomatic individuals following at least 35 Gy of chest RT for
Hodgkin disease64 and 14% develop perfusion or regional
wall motion abnormalities on stress testing.64 Subsequent
coronary angiography showed coronary artery stenosis of
more than 50% in over half of the patients with an abnormal

Table 1 – Values of strain and systolic strain rate (S and SRs) with standard deviation (SD).

Strain % Longitudinal SRs
s−1

Circumferential Strain % Circumferential SRs s−1 Radial Strain Radial SRs
s−1

GE40 −18.6 ± 5.1 −22.9 ± 4.4 54.6 ± 12.6
VVI36 −17.3 ± 2.5 −1.0 ± 0.1 −21.9 ± 4.0 1.3 ± 0.3 44.8 ± 21.7 2.3 ± 0.7
TOMTEC38

(30FPS)
−16.1 ± 4.9 −22.3 ± 7.4 30.4 ± 13.5

Toshiba41 −19.9 ± 2.4 −30.5 ± 3.8 51.4 ± 8.0
Philips41 −18.9 ± 2.5 −22.2 ± 3.2 36.3 ± 8.2

Abbreviation: SRs: systolic strain rate.

Table 2 – Dynamic changes of LVEF; GLS%; and GLSRs, s-1; and GLSRe, s-1 at different time points (T0 —T3).

T0 (n = 46) T1 (n = 26) T2 (n = 21) T3 (n = 12)

LVEF, % 65 ± 5 62 ± 5 63 ± 7 55 ± 14 ⁎⁎
GLS, % −17.5 ± 2.9 −15.3 ± 3.2 ⁎ −15.4 ± 2.8 ⁎ −12.6 ± 2.8 ⁎⁎
GLSR, s-1 −1.1 ± 0.2 −0.9 ± 0.2 ⁎⁎ −1.0 ± 0.2 ⁎ −0.8 ± 0.2 ⁎⁎
GLSRe, s-1 1.0 ± 0.3 0.9 ± 0.2 0.8 ± 0.2 ⁎⁎ 0.7 ± 0.2 ⁎⁎

Modified fromXuY,Hermann J, Pellikka PA, Ansell SM, Cha S, VillarragaHR. Can early changes in 2-dimensional speckle tracking echocardiography
predict a future decrease in left ventricular ejection fraction in lymphoma patients undergoing anthracycline chemotherapy? JASE. 2013;26:B52.
⁎ P < 0.05.
⁎⁎ P < 0.01.
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later developed HF (Figures 8a–8d). Although reductions were seen
in all three layers, neither radial nor circumferential strain was predic-
tive of subsequent CTRCD.160 A predictive value of regional strain
was also reported in smaller studies with shorter follow-up pe-
riods.153,156,159 Importantly, although the decrease in longitudinal
strain and LVEF appears to at least partially persist throughout the
duration of the treatment,160 it is unknown what their evolution
will be in subsequent years, and whether early deformation measure-
ments will predict persistent decreases in LVEF or symptomatic HF.

Negishi et al.155 recently published a study looking for the optimal
myocardial deformation index to predict CTRCD at 12 months in
81 women with breast cancer treated with trastuzumab, with or
without anthracyclines. The strongest predictor of CTRCD was
DGLS measured at the 6-month visit. An 11% reduction (95% confi-
dence interval, 8.3%–14.6%) was the optimal cutoff, with sensitivity
of 65% and specificity of 94%. Of note, DGLS was superior to
changes in the count of abnormal segments, s0 and e0 velocities.
They concluded that in patients with baseline strain measurements,
the 95% confidence interval suggests that reductions of GLS of
<8% compared with baseline appear not to be clinically meaningful,
whereas those >15% are very likely to be of clinical significance (see
Figures 9a and 9b for example of calculation). They confirmed the
findings of Sawaya et al.,160 this time using the conventional calcula-
tion of GLS averaging the 18 segments from the three apical views.
They showed that in patients without baseline strain measurements,
the proposed cutoff of !19% conforms to the confidence interval
around !20.5% found in their study. Nevertheless the area under
the curve for absolute strain value is less, making the change in strain
the preferable approach.

Finally, four studies evaluated the deformation parameters in
long-term cancer survivors (range, 2–30 years after treat-
ment).150,154,163,164 In two of the studies with longer follow-up
and/or higher doses of anthracyclines, the LVEF (or fractional short-
ening) was slightly decreased.163,164 In contrast, all four studies
detected decreases in longitudinal and radial (and circumferential
when studied) parameters compared with age-matched control
patients, underlining the sensitivity of these parameters in the detec-
tion of subclinical LV dysfunction. STE appears therefore as the imag-
ing technique of choice for detection of subclinical LV dysfunction.
Normal values for GLS depend on the measurement position in
the myocardium, the vendor, and the version of the analysis software,
resulting in considerable heterogeneity in the published literature.
Two recently published large studies evaluating the normal ranges
of LV 2D strain have shown an effect of gender in LV myocardial
deformation.165,166 The study of Kocabay et al.165 reported a mean
normal GLS of !20.7 6 2 for men and !22.1 6 1.8 for women.
These values are almost identical to the ones reported by the
Japanese Ultrasound Speckle Tracking of the Left Ventricle
(JUSTICE) study166 for the same vendor. There is also concern that
strain values may decrease with age.166,167 As a result, it is not
possible to recommend universal normal values or lower limits of
normal. We refer the reader to Table 5, which summarizes the findings
of the Japanese Ultrasound Speckle Tracking of the Left Ventricle
study, providing mean values for GLS according to vendor, gender,
and age. Cheng et al.168 recently evaluated the reproducibility of
2D STE in the Offspring Cohort of the Framingham Heart Study.
The interobserver intraclass correlation coefficient was $0.84 for all
global strain measurements, with an average coefficient of variation
for GLS of #4%. The intraobserver intraclass correlation coefficient
was $0.91 among time points spanning a total 8-month period,
with an average of #6% for GLS. The authors concluded that 2D

STE is reproducible when performed by trained operators.
However, the technique has important limitations (Table 6). There
are no data currently available as to the reproducibility of GLS at
nonacademic centers or community hospitals. The presence of a
learning curve for sonographers and interpreting physicians makes
dedicated training and monitoring of quality (i.e., intra- and interob-
server and test-retest variability) essential. When setting a strain
program, it is recommended to initially designate one physician
and, where available, one technician to perform, interpret, and
compare studies over time. As experience is gained with the tech-
nique, the effort may be expanded to include other physicians, tech-
nicians, and trainees. Nevertheless, the most important limitation is
intervendor variability.166,169 Different echocardigoraphy machines
or software packages can in fact produce different results, in
particular for circumferential and radial strain, making problematic
intraindividual comparisons over time. Recognizing the critical need
for standardization in strain imaging, the EACVI and ASE invited
technical representatives from all interested vendors to participate
in a concerted effort to reduce intervendor variability in strain
measurement.170 Until that is achieved, it is recommended to use
the same vendor’s machine and software version to compare individ-
ual patients with cancer when using 2D STE for the serial evaluation
of systolic function.

Individual echocardiographic laboratories following patients with
cancer should strive to incorporate strain assessment in their echocar-
diography laboratory protocols.

Key Points

" Myocardial deformation (strain) can bemeasured using DTI or 2D STE. The
latter is favored because of a lack of angle dependency.

" GLS is the optimal parameter of deformation for the early detection of
subclinical LV dysfunction.

" Ideally, the measurements during chemotherapy should be compared with
the baseline value. In patients with available baseline strain measurements, a
relative percentage reduction of GLS of <8% from baseline appears not to
be meaningful, and those >15% from baseline are very likely to be
abnormal.

" When applying STE for the longitudinal follow-up of patients with cancer,
the same vendor-specific ultrasound machine should be used.

B. Detection of Subclinical LV Dysfunction Using
Biomarkers

Biomarkers have the potential to fulfill a critical unmet need as a
robust diagnostic tool for the early identification, assessment, and
monitoring of CTRCD. A biomarker approach is minimally invasive
and can be readily repeated without significant risk. Despite intrinsic
assay variability, standardized assays typically have acceptable coeffi-
cients of variation of <10%, potentially minimizing intra- and interob-
server variability.171

1. Troponins. Cardiac troponins are the gold-standard biomarkers
for the diagnosis of myocardial injury.172,173 Troponin I (TnI) is a
sensitive and specific marker for myocardial injury in adults treated
with anthracycline chemotherapy, and studies suggest that an
elevation of troponin identifies patients at risk for the subsequent
development of CTRCD.

The largest of these studies was performed in 703 patients with can-
cer, in whomTnI was determined with each cycle of high-dose chemo-
therapy and 1 month after chemotherapy.174 Patients were classified
into three subgroups on the basis of the combined presence of any
detectable TnI either within 72 hours (early) or 1 month after the last
administration of chemotherapy (late). In 495 patients, both early

924 Plana et al Journal of the American Society of Echocardiography
September 2014

STRAIN



CASISTICA MOLINETTE

• 73 pazienti ♀ 
• carcinoma mammario

• ecocardiogramma 2D 3D Doppler 
prima della CT e al F.U. 9 mesi

• valutazione EF e altri indici sisto-diast
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VARIABILITÀ INTEROPERATORE

EF t - p value

2D 2,07 0,04

3D Triplano 2,04 0,04

3D Full 2,1 0,03

L’ ECHO 3D full-volume si è dimostrata la 
metodica con maggior riproducibilità



RISULTATI

1A
1B
2
3

•	 GRUPPO 1A: 13 pazienti (18%) senza 
alterazioni dell’EF, né degli altri indici 

• GRUPPO 1B: 17 pazienti (23%) con EF 
inalterata ed alterazioni “ab initio” di altri 
indici, non progredite al follow-up 

• GRUPPO 2: 40 pazienti (55%) con EF 
inalterata ed alterazioni di altri indici al 
follow-up 

• GRUPPO 3: 3 pazienti (4%) con 
alterazioni significative dell’EF 



EF INVARIATA - ALTRI INDICI
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ANALISI della VARIANZA



CASISTICA MOLINETTE

✴ L’EF si è confermata parametro molto specifico, ma 
tardivo e poco sensibile di CTX (alterazione significativa 
solo 4%)

✴ 55% Pts ha evidenziato almeno un’alterazione di altri 
indici

✴ Le Pts con riduzione dell’EF hanno mostrato alterazione di 
tutti i nuovi indici (diastolici, sistolici e sisto-diastolici)

✴ Lo strain sistolico (2D e 4D) è un indicatore precoce di 
cardiotossicità insieme all’alterazione della funzione 
diastolica
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