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Meccanismi di 
Cardiotossicità: 
DISFUNZIONE 

VENTRICOLARE 
SINISTRA



DEFINIZIONE ESMO:  

La disfunzione ventricolare sinistra è caratterizzata da almeno uno 
tra: 

 Riduzione di EF, globale o maggiore a carico del setto 
interventricolare 

 Sintomi di scompenso cardiaco 

 Segni di scompenso cardiaco come T3 o tachicardia 

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

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



• Il ventricolo “dimenticato” 

• Una stima rapida ed accurata della performance 
VDx è molto difficoltosa a causa della complessità 
della struttura e dell’anatomia VDx e della sua 
posizione sfavorevole nel torace  

• Tre componenti: “inflow”, “ouflow”, trabecole



SCOMPENSO CARDIACO

CLASSIFICAZIONE 
1. Asintomatico, con anomalie degli esami di laboratorio 

(BNP ) o anomalie alla diagnostica cardiaca per immagini 

2. Sintomi per attività o sforzo da lieve a moderato 

3. Grave, con sintomi a riposo o per attività o sforzo minimi 
—> indicato intervento 

4. Conseguenze potenzialmente letali—> indicato intervento 
urgente (ad es., terapia ev continua o supporto 
emodinamico meccanico) 

5. DECESSO



CAUSE DELL’AUMENTO DELLA 
PREVALENZA E DELL’INCIDENZA.

 Invecchiamento della popolazione 

 Riduzione della mortalità per eventi acuti cardiovascolari 

 Efficacia del trattamento di malattie croniche (aterosclerosi, 
ipertensione, diabete)

AUMENTATA SOPRAVVIVENZA PER NEOPLASIE TRATTATE CON 
CHEMIOTERAPICI POTENZIALMENTE CARDIOTOSSICI.



 FATTORI DI RISCHIO  
● GENERE FEMMINILE 
● ETÀ AVANZATA 
● IRRADIAZIONE 
● ASSOCIAZIONE AD ALTRI FARMACI 

CARDIOTOSSICI 
● SOMMINISTRAZIONE A BOLO 
● DOSE SINGOLA ELEVATA 
● DOSE CUMULATIVA



QUALI FARMACI?

Todaro MC, Int J Cardiology, 2013



Meccanismi principali di 
CARDIOTOSSICITA’ 

!  Sviluppo di stress ossidativo a livello del miocardio 

!  Sarcopenia-> ridotta sintesi accoppiata ad aumentata 
degradazione dei miofilamenti 

!  Alterato metabolismo del Ca++ 

!  Alterata attività mitocondriale 

!  Necrosi, apoptosi e senescenza cellulare dei 
cardiomiociti 



Teoria dominante:  
Specie Reattive dell’Ossigeno 
(ROS) ! 
danno DNA, proteine e lipidi 
!disfunzione cellulare ! 
morte cardiomiocita                                

 + 
Inibizione TOP2B 
 



          CELLULE BERSAGLIO 

!  Cardiomiociti 

!  Fibroblasti-> collagene patologico, con conseguenti: 

a)  fibrosi cardiaca-> alterazione diastolica 

b)  Disallineamento cardiomiociti-> alterazione sistolica 

!  Cellule endoteliali e microvascolari-> deficit di 
perfusione e disfunzione contrattile (effetti “vascolari”) 



performed 2 to 3 weeks after the baseline diagnostic study showing
the initial decrease in LVEF. LVEF decreasemay be further categorized
as symptomatic or asymptomatic, or with regard to reversibility:

! Reversible: to within 5 percentage points of baseline
! Partially reversible: improved by $10 percentage points from the nadir but
remaining >5 percentage points below baseline

! Irreversible: improved by <10 percentage points from the nadir and remain-
ing >5 percentage points below baseline

! Indeterminate: patient not available for re-evaluation

In this expert consensus document, a classification of CTRCD on
the basis of the mechanisms of toxicity of the agents is used (Table 1).

2. Classification by Mechanism of Toxicity. a. Type I CTRCD.
Doxorubicin is believed to cause dose-dependent cardiac dysfunction
through the generation of reactive oxygen species. Recently, investi-
gators using an animal model proposed that doxorubicin-induced
CTRCD ismediated by topoisomerase-IIb in cardiomyocytes through
the formation of ternary complexes (topoisomerase-IIb–anthracy-
cline–deoxyribonucleic acid). These complexes induce deoxyribonu-
cleic acid double-strand breaks and transcriptome changes
responsible for defective mitochondrial biogenesis, and reactive oxy-
gen species formation.8 The damage caused by the anthracyclines oc-
curs in a cumulative dose–dependent fashion. The expression of
damage is related to preexisting disease, the state of cardiac reserve
at the time of administration, coexisting damage, and individual vari-
ability (including genetic variability). Electron microscopy of myocar-
dial biopsies shows varying degrees of myocyte damage: vacuolar
swelling progressing tomyofibrillar disarray and ultimately cell death.9

Once myocytes undergo cell death, they have minimal potential for
replacement via regeneration. In this regard, cardiac damage at the
cellular level may be deemed irreversible, although cardiac function
may be preserved and compensation optimized through antiremod-
eling pharmacologic therapy, and/or less frequently, mechanical
intervention. Agents that are associated with type I CTRCD include
all of the anthracyclines (doxorubicin, epirubicin, and idarubicin) as
well as mitoxantrone. These agents are now considered to have
increased potential for long-term cardiac dysfunction, increased
morbidity, and mortality.10,11

b. Type II CTRCD. A number of agents do not directly cause cell
damage in a cumulative dose–dependent fashion. There is consider-
able evidence for this: first, the typical anthracycline-induced cell
damage by electron microscopy is not seen with these agents, and

second, in many instances, these agents have been continued for de-
cades, without the progressive cardiac dysfunction that would be ex-
pected with type I agents. Finally, functional recovery of myocardial
function is frequently (albeit not invariably) seen after their interrup-
tion, assuming a type I agent was not given before or at the time of
therapy.10 This document uses trastuzumab as the classical example
of type II CTRCD and presents evidence and consensus
recommendations for cardiac evaluation of patients receiving this tar-
geted therapy, primarily indicated for HER2-positive breast cancer
(summarized in Section V of this document). The role of cardiac
assessment and imaging in patients receiving this regimen is further
complicated by the fact that type I (doxorubicin) and type II agents (tras-
tuzumab), are often given sequentially or concurrently. Such sequential
or concurrent use may increase cell death indirectly by compromising
the environment of marginally compensated cells, contributing to the
concern that type II agents can still result in cell death at the time of
administration.We recognize that in the setting of a variety of predispos-
ing factors, varying cumulative dosages of recognized cardiotoxic
agents, and use of other agents that are known to increase oxidative
stress and compromise myocyte stability, the algorithm proposed in
this document cannot be based on strong clinical data.

Since the approval of trastuzumab, numerous agents have entered
the therapeutic armamentarium, including the small-molecule tyro-
sine kinase inhibitors. It is difficult to make broad generalizations
about these agents, because they often have different kinase targets.
However, it appears that the most problematic are the agents that
target vascular endothelial growth factor (VEGF) and VEGF recep-
tors. These agents typically are associated with severe systemic arterial
hypertension and ischemic events. The development of CTRCD in
these patients may be related to transient impairment of the contrac-
tile elements within the cell or to the increased afterload on a compro-
mised ventricle. The most concerning of this group are the
nonselective agents, including sunitinib and sorafenib, because these
drugs can target up to 50 different kinases, in addition to the intended
target.12 Because those ‘‘off-target’’ kinases play important roles in the
heart and vasculature, the risk for toxicity is increased. As a result of
the unspecific nature and predictability of myocardial damage, it is
difficult to provide general recommendations regarding how to
monitor patients receiving these agents. A number of attempts have
been made to unify approaches to manage these patients, all stopping
short of proposing guidelines; one attempt focused on arterial hyper-
tension13 and the other on CTRCD.14 Careful management of
comorbidities was urged in these documents.

Table 1 Characteristics of type I and II CTRCD

Type I Type II

Characteristic agent Doxorubicin Trastuzumab
Clinical course and typical response to
antiremodeling therapy (b-blockers, ACE
inhibitors)

May stabilize, but underlying damage
appears to be permanent and irreversible;
recurrence in months or years may be
related to sequential cardiac stress

High likelihood of recovery (to or near
baseline cardiac status) in 2–4 months
after interruption (reversible)

Dose effects Cumulative, dose related Not dose related
Effect of rechallenge High probability of recurrent dysfunction that

is progressive; may result in intractable
heart failure or death

Increasing evidence for the relative safety of
rechallenge (additional data needed)

Ultrastructure Vacuoles; myofibrillar disarray and dropout;
necrosis (changes resolve over time)

No apparent ultra structural abnormalities
(though not thoroughly studied)

ACE, Angiotensin-converting enzyme.
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patients in whom extracardiac masses represent a concern.225

Measurements from CMR, echocardiography and nuclear tech-
niques cannot be regarded as identical or be directly compared
from one modality to another. Ideally, a single technique should
be chosen for baseline assessment and follow-up studies during
and after cancer treatment.

Disadvantages of CMR include its lesser flexibility and availability
and higher operational cost compared with echocardiography.221 In
addition, issues with claustrophobia and hazards associated with
ferromagnetic devices need to be considered. Contraindications for
CMR imaging that may be particularly relevant in some patients
with cancer include the presence of ferromagnetic components
within some breast tissue expanders (i.e., Contour Profile Tissue
Expander [Mentor, Santa Barbara, CA], which contains a magnetic in-
jection dome) used for breast reconstruction after mastectomy.

3. Beyond the LVEF: AdvancedCMRAssessments. Contrast-
enhanced CMR offers a unique capability to assess myocardial tissue
characteristics compared with other imaging techniques. This tech-
nique has demonstrated excellent ability to outline myocardial
fibrosis and is commonly used in detection of myocardial scar and
workup of cardiomyopathies.226 All CMR contrast agents are gado-
linium based, and at the present time, contrast-enhanced CMR of
the heart represents an off-label use for all US Food and Drug
Administration–approved agents. Their main limitation is a potential
to cause nephrogenic systemic fibrosis, an exceedingly rare but
serious condition.227 The risk for nephrogenic systemic fibrosis in-
creases in patients with renal insufficiency, and contrast CMR use
should be limited to patients without significant kidney dysfunction.
Gadolinium accumulates in the normal myocardium a few seconds
after contrast injection. LGE can be observed 10 to 20 min after
contrast injection and represents myocardial fibrosis. Lack of LGE is
the most common finding in patients who develop anthracycline-
induced CTRCD (Figure 11).121,214 LGE has been the most
frequently used technique to exclude other causes of
cardiomyopathy, such as myocardial infarction, cardiac sarcoidosis,
or amyloid heart disease. The recent findings from a single center of
the presence of lateral wall LGE in patients who received HER2
therapies156 have not been reproduced. CMR may also have added
value in the evaluation of cardiac metastasis or invasion tumor to
the heart.

More recently, gadolinium-based contrast has also been used in T1
mapping, a novel, quantitative CMR technique that identifies subtle
myocardial abnormalities such as diffuse fibrosis, not visible on LGE
imaging.228,229 One recent study in a small cohort of 13 patients
after anthracycline therapy and with normal LV function
demonstrated no correlation between anthracycline dose and
myocardial fibrosis, though there was a relationship with increased
LV volume.230 Using this technique, Neilan et al.231 recently reported
increased extracellular volume as a surrogate of myocardial fibrosis in
42 patients treated with anthracyclines, compared with age- and
gender-matched controls. A positive association was found between
the extracellular volume and the left atrial volume, and a negative
association was found between the extracellular volume and LV
diastolic function. Although this technique suggests promise for future
diagnosis and possibly prediction of risk for cardiomyopathies, its
current use is limited to research studies.

C. Specific Challenges

Patients with breast cancer (the majority of patients to whom this
document applies) present specific challenges in their cardiac imaging.
The feasibility of 2DE, 3DE, and strain imaging may be limited by the
inability to obtain images of diagnostic quality because of mastec-
tomy, radiation, or the presence of breast implants. It is important
to adequately document these limitations in the report and to refrain
from reporting findings if uncomfortable with the technical quality of
the study. In these specific situations, the use of echocardiographic
contrast (please see Section II.G) may be useful for an accurate calcu-
lation of ejection fraction. If with the administration of contrast the
calculation of LVEF is still not feasible using the biplane method of
disks, CMR is recommended. It is important to inquire about the pres-
ence of ferromagnetic components, if the patient has breast tissue
expanders.

Key Points

! The calculation of LVEF by MUGA is highly reproducible. The main limita-
tions are radiation exposure and the lack of ability to report on pericardial
and valvular heart disease and RV function.

Figure 11 CMR image using LGE in four-chamber projection in
a patient with a history of anthracycline-induced cardiomyopa-
thy. The left ventricle is dilated with wall thinning. There is no ev-
idence of LGE.

Figure 12 Cancer therapeutics regimens associated with type I
and type II CTRCD.
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CLASSIFICAZIONE della CTX



Antracicline: CTX dose-dipendente 





INTERAZIONE TRA AC E FARMACI NON AC: UN CIRCOLO VIZIOSO



VALUTAZIONE BASALE

• Anamnesi - Individuazione dei FRC 

• Visita / esame obbiettivo 

• ECG 

• Troponina/BNP 

• ECHO 





ESAMI  
 ECG:  se normale, permette di escludere scompenso (VPN ≈ 95%)                           
Classe I Livello C 

 RX TORACE  Classe IIa Livello C 

 ESAMI EMATOCHIMICI  Classe I Livello C 
•Elettroliti 
•Emocromo 

•Creatininemia, azotemia (Crs) 
•Enzimi epatici 
•Glicemia 

•Esame urine 

•Ormoni tiroidei 
•Enzimi cardiaci  
•Peptidi natriuretici



ECOCARDIOGRAFIA : CLASSE 
IC
ESAME ELETTIVO PER DOCUMENTARE LA DISFUNZIONE VS  

VANTAGGI: NON INVASIVO, NON DANNOSO, DI BASSO COSTO, 
DI FACILE TRASPORTABILITÀ 

LIMITI: OPERATORE-DIPENDENTE, CARICHI DI LAVORO DEI 
LABORATORI

VOLUMETRIE, GEOMETRIA, SPESSORE, MASSA 
FUNZIONE SISTOLICA (EF, FS) E CINESI SEGMENTARIA 

FUNZIONE DIASTOLICA 
DOPPLER: VALVULOPATIA ASSOCIATA (IM) 
STIMA ACCURATA DELLE PRESSIONI POLMONARI 
VERSAMENTO PERICARDICO  
PARAMETRI EMODINAMICI QUANTITATIVI

NUOVE TECNOLOGIE   TDI, STRAIN, 3D, PERFUSIONE 

ECOSTRESS: VITALITÀ, ISCHEMIA



 RMN: Classe I-C 

 CATETERISMO: Classe I-C 
• CORONAROGRAFIA in acuto (shock cardiogeno)o per escludere 

coronaropatia (CMP dilatativa) 

• SWAN-GANZ (shock cardiogeno) 

• BIOPSIA ENDOMIOCARDICA 
 TEST da SFORZO (CARDIOPolm) : Classe IIa  Liv C  
• Picco VO2 > 18 ml/kg/min = basso rischio 

• Picco VO2 < 14 ml/kg/min = mortalità 30-50% 1 aa 

•Picco VO2 < 10 ml/kg/min = alto rischio (¨ TX) 

 SCINTIGRAFIA MIOCARDICA : Classe IIa  Liv C  
 SPIROMETRIA 

 HOLTER – HEART RATE VARIABILITY 

 6 MIN WALKING TEST



QUALI INTERVENTI? Foglietta J, AIOM Cardiooncologia, 2013



FARMACI ANTI-SCOMPENSO: 
DOBBIAMO SEGUIRE LE LINEE 
GUIDA?

Circulation. 2013;128:e240-e327



TUTTI I BETA-BLOCCANTI 
SONO UGUALMENTE EFFICACI?



RIDUZIONE EF e CARDIOPROTEZIONE
• EF > 50% e ⬇ EF ≥ 10 p.% rispetto al basale: 

proseguire CHT (antracicline) o transtuzumab
• EF < 50% : rivalutazione dopo 3 settimane --> 

se confermata, sospensione trattamento
• EF < 40%: stop CHT e considerare regimi CHT 

alternativi

In tutti iniziare CARDIOPROTEZIONE con:
- ACEinibitori (ramipril) e/o sartani (val-,telmisartan)

- Beta-bloccanti (bisoprololo, carvedilolo) 
- Cardioxane?



VALUTAZIONE BASALE 
anamnesi, EO, TnT, ECG, ECHO

RIVALUTAZIONE  
PERIODICA

Troponina 
prima di ogni ciclo CHT

ECHO 
ogni 6 mesi

Alterazioni Troponina

CENTRO RIFERIMENTO 
Molinette, Mauriziano, Candiolo, 

S.Giovanni Bosco

ECHO AVANZATO

ALTERATO

NORMALE

RIVALUTAZIONE 
CARDIOPROTEZIONE

RMN



GRAZIE 
PER 

L’ATTENZIONE 


