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Rimodellamento Ventricolare 



1988 
W.P. 20 mmHg 
I.C. 2,2 l/m2/min 
PO2 66 mmHg 
SaO2 92,8 % 
VTDVS 220 cc 
VTSVS 140 cc 
FE 36 % 
DCO 9,6 cc/min/mmHG 
 
 
W.P. 10 mmHg 
I.C. 2,7 l/m2/min 
PO2 80 mmHg 
SaO2 95,8 % 
VTDVS 190 cc 
VTSVS 100 cc 
FE 48 % 
DCO 15,2 cc/min/mmHg 



Definition 

“Remodelling” qualifies changes that result in the 
rearangement of normally existing structures. Although 
remodelling does not necessarilly define a pathological 
condition, myocardial remodelling is usually restricted 
to deseased conditions. The above definition eliminates 
gestional and developmental aspects and also the so-
called physiological cardiac hypertrophy that follows 
intensive exercising .   



Rimodellamento Ventricolare 

•  Rimodellamento fisiologico 
         in funzione: a) entità 
                             b) durata 
                             c) tipo 
              dell’esercizio fisico 
•    Rimodellamento Patologico 
-Aumenti prevalenti di pre-carico 
    (iperafflussi, insufficienze valvolari, etc.) 
 
-Aumenti prevalenti di post-carico 
   (iperafflussi, insufficienze valvolari, etc.) 
 
-Rimodellamento ventricolare post-infartuale 
nuovo adattamento morfologico e funzionale in risposta al sovvertimento della 
normale topografia e  alla distorsione della geometria ventricolare 
 





Dilatazione ventricolare sinistra con distorsione della 
geometria ventricolare regionale e globale che si verifica dopo 
un infarto miocardico  

Qualunque modificazione architettonica o strutturale che 
avviene dopo infarto miocardico sia nelle regioni infartuate 
che non infartuate 

Rimodellamento post-infartuale 



Processo caratterizzato da: 
 
 
espansione della zona infartuata 
 
 
ipertrofia compensatoria delle regioni non 
ischemiche   

Rimodellamento post-infartuale 



LV Remodeling 
after AMI 

Definition 
> 20% End Diastolic Volume 
from day 1 to 6 months 
follow-up  





EARLY remodeling (in-hospital):                                             
from 24-48 hours to pre-
discharge 

LATE remodeling: 
  from pre-discharge to 6 months 

Timing of LV remodeling 



European Heart Journal (1995) 16 (Supplement N), 31-36 

Post-infarction myocardial remodelling: 
why does it happen? 

G.S. Franchs and C. Chu 

Cardiovascular Division of Medicine, University of Minnesota Medical School, 
Minneapolis.  
                                                 Ninnesota U.S.A. 



LV REMODELING AFTER AMI 

ACUTE MI 
LV DYSFUNCTION 

INFARCT 
EXPANSION 

EARLY 

LATE 
INCREASED WALL STRESS 

HEART FAILURE 

INCREASED 
LV VOLUME 

DISTORTED 
GEOMETRY 

PROGRESSIVE 
DILATATION 

REGIONAL 
HYPERTROPHY 



INTERACTIVE FACTORS THAT 
INFLUENCE LV REMODELING 

LV REMODELING 

INFARCT SIZE IRA PATENCY 

TIME-TO-TREAT 
TRANSMURAL EXTENT 

OF NECROSIS 

ISCHEMIC 
PRECONDITIONING LV DIASTOLIC 

FUNCTION 

MICROVASCULAR 
INTEGRITY 

COLLATERALS 

RESIDUAL 
STENOSIS 

NEUROHORMONAL  
ACTIVATION 



Segmental infarction 
                  

Decreased Systolic Ejection 

Increased Left Ventricular 
End-Diastolic Volume and Pressure 

Increased Wall Stress 

Infarcted Segment 
Infarct Expansion 

Non-Infarcted segment 
Regional Hypertrophy 

Frank- 
Starling 

Decreased Contractility 

Late Heart Failure 

Increased  
Systolic 
Ejection 

Restored 
Stroke Volume 



Variabili che condizionano entità e  
 progressività del rimodellamento ventricolare 

• Sede dell’infarto 

• Dimensioni dell’infarto 

• Modalità e tempi di cicatrizzazione dell’infarto 

• Sollecitazioni meccaniche parietali 
     (stress telediastolico e telesistolico) 



1) SEDE NECROSI 

INFARTI IN SEDE 
ANTERIORE 

Più estesa 
compromissione 

MAGGIORE 
FREQUENZA 

COMPLICANZE 

COINVOLGIMENTO 
REGIONI APICALI 

Minore 
Spessore 

pareti 

Più ampio 
Raggio di 
curvatura 

Maggiore 
stress 

Maggiore sollecitazione meccanica 

DILATAZIONE FINO 
ALL’ANEURISMA 



2D Echo 
antero-apical MI 

2D ECHO qualitative EF: 35%  



3D  ECHO:  regional  wall  motion  assessment	




CMR: FE: 38% ECHO 3D: FE: 38% 



Variabili che condizionano entità e  
 progressività del rimodellamento ventricolare 

• Sede dell’infarto 

• Dimensioni dell’infarto 

• Modalità e tempi di cicatrizzazione dell’infarto 

• Sollecitazioni meccaniche parietali 
     (stress telediastolico e telesistolico) 



Ecocardiografia nella valutazione 
dell’estensione della necrosi 

q  Inadeguatezza del parametro FE 
 
q  Inadeguatezza del parametro eco-score 
(se si prendono in considerazione le areee ipercinetiche) 
 
q  Alterazioni cinetiche non specifiche di danno ischemico 
necrotico 
 
q  Limitazioni nella valutazione dell’ispessimento sistolico 
 
q  Problematica del miocardio stunned ed ibernato 
(necessità di studi seriati) 
 
q  Impossibilità di valutare la transmuralità della necrosi 



ESTENSIONE CIRCONFERENZIALE 





Ischemic-necrotic wavefront 

From Braunwald E, Heart Disease, 6th Ed 



Acute Myocardial Infarcts 

Non-necrotic, salvaged 
myocardium 

Necrotic myocytes without 
gross microvascular 

damage 

Myocyte necrosis with  
gross microvascular 

damage 



Grade 

Total Partial 

Transmural extension 

Type 

Ischaemia 

Necrosis 

Early scar 
Late scar 



Estensione 
Circonferenziale 

Ecocardiografia 

Numero settori con 
cinesi compromessa 

Risonanza 
Magnetica 

Estensione 
Transmurale 

Caratterizzazione 
Tissutale 

Ecocardiografia 





Tissue deformation imaging: 
Strain rate-imaging quantifies both the amount of myocardial 

deformation (strain) and the rate of local myocardial deformation (strain-
rate)  

Defining the Transmurality of a Chronic Myocardial Infarction by Ultrasonic 
Strain-Rate Imaging Implications for Identifying Intramural Viability.  

An Experimental Study 
Weidemann et al, Circulation. 2003 

 



MRI TDI 
? 



Our experience:  
correlation MRI vs TDI derived strain 

MRI Study 
“On-line” analysis  

MRI SHORT AXIS BASAL-MIDWALL-APICAL VIEWS 

MRI 4-5-2 CHAMBERS  APICAL VIEW 

 

base  3 min 

Functional Study 

 20 min 

Contrast perfusional study 
(Gadolinium-
diethylenetriamine 
pentaacetic acid)(Gd-DTPA)  
 

(cine-GRE sequences) 



MRI study 
“Off-line” analysis 

% THICKENING= 
SYSTOLIC THICKENING – DIASTOLIC THICKENING 

DIASTOLIC THICKENING 
X 100 - 

LATE HYPERNHANCEMENT / WALL THICKNESS 
X 100 

EARLY HYPOENHANCEMENT/ WALL THICKNESS 

- 

40 myocardial segments showed early hypoenhancement and /or 
delayed hyperenhancement 

NON HYPOENHACEMENT (mm) - 

NON HYPERENHACEMENT (mm) - 

Our experience:  
correlation MRI vs TDI derived strain 



Materials and Methods 

Echographic study using TDI 

Velocimetric 
Study 

Velocity graphics 

Wall Strain 
Study “Strain” graphics 

“Off-line” analysis 



Non Remodelled Remodelled 
 

Patients (n) 9 3 

Strain -12.9 ± 4.4 -4.8 ± 2.8 

Hypo (mm) 0.4± 1.5 1.0 ± 2.2 

Hyper (mm) 7.3 ± 2.3 6.7± 3.8 

Non Hypo (mm) 9.5± 1.7 8.4 ± 3.8 

Non Hyper (mm) 2.6 ± 2.8 2.7 ± 2.6 

Hypo/Hyper (%) 18.6 ± 18.8 31.9 ± 39 

Ventricular remodeling 



Non Remodelled Remodelled 
 

Patients (n) 9 3 

Strain -12.9 ± 4.4 -4.8 ± 2.8 

Hypo (mm) 0.4± 1.5 1.0 ± 2.2 

Hyper (mm) 7.3 ± 2.3 6.7± 3.8 

Non Hypo (mm) 9.5± 1.7 8.4 ± 3.8 

Non Hyper (mm) 2.6 ± 2.8 2.7 ± 2.6 

Hypo/Hyper (%) 18.6 ± 18.8 31.9 ± 39 

Ventricular remodeling 



What about delayed 
hyperenhancement ? 



2 chamber view in antero-apical 
STEMI: anterior wall strain curves. 

4 chamber view in antero-apical 
STEMI: septal strain curves.  

basal segment   middle segment 

Our experience… 

MRI delayed hyperenhancement vs TDI strain 



MRI QUANTIFICATION 

Antero-apical STEMI: delayed hyperenhancement. 

90% 



Significant systolic strain-
delayed hyperenhancement 
correlation.  
(r=0.69; p<0.0001) 

RESULTS 

-

- 

- 



1. A significative INVERSE CORRELATION between the 
TRANSMURALITY of MYOCARDIAL NECROSIS and 
SYSTOLIC STRAIN was found; 

2.  In the clinical setting of ST-elevation myocardial 
infarction SYSTOLIC STRAIN may represent a 
PREDICTIVE INDEX of the TRANSMURAL EXTENSION 
of MYOCARDIAL NECROSIS. 

FINAL CONSIDERATIONS 



Multi-­‐‑dimensional  deformation    
new  models  of  myocardial  deformation	


Longitudinal:  
sub-endocardium fibers base/
apex shortening 

Radial: wall thickening 
 

Circumferential:  
circular border fibers 
shortening 



Speckle  Tracking  Echo:  	

analysis  of  strain	




J Am Soc Echocardiogr 2009;22:1232-8 

CAD-MYOCARDIAL INFARCTION

Comparison of Left Ventricular Ejection Fraction and
Left Ventricular Global Strain as Determinants of Infarct

Size in Patients with Acute Myocardial Infarction

Benthe Sjøli, MD, Stein Ørn, MD, Bjørnar Grenne, MD, Trond Vartdal, MD, Otto A. Smiseth, MD, PhD,
Thor Edvardsen, MD, PhD, and Harald Brunvand, MD, PhD, Olso, Norway

Background: The aim was to compare left ventricular ejection fraction (LVEF) and left ventricular (LV) global
strain by speckle tracking as predictors of final infarct size.

Methods: LV global strain and LVEF by echocardiography were assessed in the acute phase and after revas-
cularization in 39 patients with ST-elevation myocardial infarction treated with thrombolysis.

Results: After revascularization, global strain and LVEF correlated well with infarct size measured by contrast-
enhanced cardiac magnetic resonance. A cutoff value of!15.0% for global strain had a sensitivity of 90% and
a specificity of 86% to identify myocardial infarcts larger than 20%. Interobserver variability, expressed by
intraclass correlation coefficients, for global strain and LVEF was 0.91 and 0.72, respectively.

Conclusions: LV global strain is a more precise diagnostic predictor of large infarcts compared with LVEF and
is more reproducible. Global strain measured after revascularization demonstrates advantages over LVEF
in the evaluation of LV injury in patients with ST-elevation myocardial infarction. (J Am Soc Echocardiogr
2009;22:1232-8.)

Keywords: Cardiac magnetic resonance, Ejection fraction, Global strain, Myocardial infarction

Prognosis after acute myocardial infarction (AMI) is mainly deter-
mined by the extent of left ventricular (LV) necrosis and resulting
post-infarct LV function. LV ejection fraction (LVEF) measured by
echocardiography during initial hospitalization is a well-established
marker of LV function and predicts short- and long-term morbidity
and mortality in these patients.1 In addition, LVEF guides further treat-
ment after primary reperfusion is established.2,3 However, LVEF by
echocardiography is limited by high observer variability and poor
agreement with reference methods mainly because of load depen-
dency and technical challenges.4-6 More feasible bedside methods
should therefore be explored to estimate infarct size and describe
LV function in patients with AMI.

In recent years, other echocardiographic techniques have emerged
to evaluate myocardial function. Myocardial strain by Doppler has
been demonstrated to be superior to wall motion score index in
the diagnosis of acute myocardial ischemia.7 Longitudinal strain mea-
sured immediately after reperfusion with percutaneous coronary in-
tervention has been shown to predict infarct size, LV remodeling,
and adverse events in anterior wall AMI.8,9 We recently demonstrated

that in the acute phase of AMI, LV global strain by speckle tracking
was superior to strain by Doppler in diagnosing LV injury.10 LV global
strain by speckle tracking has also been shown to be an effective
method for evaluation of LV function compared with two-dimen-
sional LVEF by echocardiography.11 However, LV global strain and
LVEF by echocardiography has not been compared directly in pa-
tients with AMI with a focus on prediction of infarct size and LV injury.
Furthermore, it remains unclear when LV global strain should be mea-
sured after AMI to give an optimal prediction of final infarct size and
LV function.

The present study compares LV global strain by speckle tracking
and LVEF by echocardiography as predictors of infarct size in patients
with ST-elevation myocardial infarction (STEMI) treated with
thrombolysis, using contrast-enhanced cardiac magnetic resonance
(ceCMR) as the reference method. The optimal timing for assessment
of LV global strain after AMI to predict final infarct size and LV func-
tion is explored. The ability of LV global strain to describe LV function,
using LVEF by ceCMR as the reference method, is evaluated. Finally,
we compared the reproducibility of LV global strain and LVEF by
echocardiography.

MATERIALS AND METHODS

Study Population

The study group consisted of 39 patients with first-time acute
STEMI (Table 1). Twenty-nine of these patients were also included
in a recent publication from our group.10 All patients underwent con-
ventional echocardiography within 3.5 hours after treatment with
thrombolysis and after revascularization, either at discharge or the first
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visit after discharge. The mean time for this examination was 10 6 5
days after admittance. All patients received medical treatment accord-
ing to guidelines. Coronary angiography was performed 26 6 35
hours after thrombolysis. Thirty-two patients (82%) had achieved re-
perfusion of the infarct-related artery at the time of angiography, and
7 patients had an occluded artery. In all patients the infarct related ar-
tery was revascularized, either with percutaneous coronary interven-
tion (n = 38) or coronary bypass surgery (n = 1) within a few days
after treatment with thrombolysis and before discharge. In addition,
all patients were examined by ceCMR between 6 and 23 months af-
ter discharge. None of the patients experienced reinfarction between
the first event and ceCMR. Patients with significant valve disease, ar-
rhythmia, or history of myocardial infarction were excluded. The
study was approved by the Regional Committee for Medical
Research Ethics. Written informed consent was obtained from all
patients.

Echocardiography

Examinations were performed with a digital ultrasonic device sys-
tem (Vivid 7, General Electric Vingmed Ultrasound, Horten, Norway).
The patients were examined in the left supine position using standard
apical 4-chamber, 2-chamber, and long-axis views of the LV. Great
care was taken to obtain high-quality echocardiographic recordings
of all LV walls. Three cardiac cycles were stored during breath-hold.
Grayscale images were obtained at 67 6 15 frames per second. All
recordings were stored digitally.

Image Analysis

Echocardiographic recordings were analyzed with Echopac
(General Electric Vingmed Ultrasound). A 16-segment LV model
was obtained from the apical 4-chamber, 2-chamber, and long-axis
recordings.12 Peak systolic strain was defined as the peak positive or
peak negative strain value during systole. End of systole was defined
as aortic valve closure in the apical long-axis view, and peak negative
strain was the maximum negative strain value during systole or early
diastole (Figure 1). From the 16-segment LV model, territorial peak
systolic strain was defined as an average of segmental strains based
on the perfusion areas of the 3 major coronary arteries.12,13 The
angiographic culprit lesion was used to guide the culprit territorial
peak systolic strain. In addition, the peak systolic strain values from

16 apical segments were averaged to assess LV global strain. Time
to peak strain was measured from the aortic valve opening to peak
negative strain.

Measurements of longitudinal strain by speckle tracking were ob-
tained from 1 of 3 consecutive cardiac cycles and not as an average
of 3 cycles. Two-dimensional strain software identified the endocar-
dial border, and myocardial motion was automatically tracked in
each imaging view. Segmental longitudinal strain was automatically
calculated as the average strain within each segment. In segments
with poor tracking, the observer readjusted the endocardial trace
line until a better tracking score was achieved. If this was not possible,
the segment was excluded.

LVEF by echocardiography was assessed by the modified biplane
Simpson’s method from apical 4- and 2-chamber grayscale record-
ings. End-diastole was defined as the frame closest to the R-wave,
and end-systole was defined as the minimal cavity area just before mi-
tral valve opening. According to the recommendations of the Amer-
ican Society of Echocardiography, the inner contour of the LV cavity
was manually traced, leaving the papillary muscles and trabeculations
within the cavity.14

Wall motion score was visually assessed in a 16-segment model by
an experienced observer, according to the American Society of
Echocardiography criteria.15 The observer evaluated image quality,
and segments were discarded if the quality was found insufficient
for analysis. Exploration time was measured to determine the time
needed to perform the analyses of LV global strain and to assess
LVEF.

ceCMR

Patients were scanned in a supine position by a 1.5 T whole body
scanner (Intera R 10.3 Philips Medical Systems, Best, The Nether-
lands) using a dedicated cardiac coil. The images were gated by elec-
trocardiogram and obtained during breath-hold. Myocardial mass was
obtained by a steady-state free-precession technique (balanced Fast
Field Echo) covering the LV with 10 to 14 contiguous slices (8-mm
thickness, 2-mm gap). Late enhancement images were acquired 10

Table 1 Clinical characteristics of patients during acute ST-
elevation myocardial infarction (n = 39)

Parameters Results

Age (y) 62 6 9
Sex (male/female) 32 (82.1%)/7 (17.9%)
Diabetes (yes/no) 3 (7.7%)/36 (92.3%)
Hypertension (yes/no) 13 (33.3%)/26 (66.7%)
Smoking status (yes/no) 19 (48.7%)/20 (51.3%)
Anterior infarction/inferior infarction 15 (38.5%)/24 (61.5%)
Time of ischemia (min) 186 6 129
Systolic BP (mm Hg) 141 6 30
Heart rate 72 6 16
Infarct size by ceCMR (in % of left ventricle) 14 6 10
Infarct size by ceCMR (in g) 22 6 23

BP, Blood pressure; ceCMR, contrast-enhanced cardiac magnetic res-
onance; time of ischemia, time from symptom onset to start thromboly-
sis.
Continuous variables are presented as mean 6 standard deviation. Figure 1 Representative speckle strain curves. Representative

speckle strain curves from an apical 2-chamber view, showing
measurements of peak systolic and peak negative strain in seg-
ments with normal and transmural infarction. The strain curves
associated with myocardial ischemia (purple and dark blue)
are compared with a normal strain curve (light blue).
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after primary percutaneous coronary intervention. We recently con-
firmed these findings in patients with both anterior and inferior
AMI, with the best results for LV global peak systolic strain by speckle
tracking.10 The present study confirmed that LV global strain mea-
sured in the acute phase of AMI predicts infarct size better than
LVEF. After revascularization, both LV global strain and LVEF corre-
lated well with infarct size, and better than in the acute phase. This
may be due to the effect of revascularization on LV ischemia, as

well as a reduced effect of myocardial stunning. LV function at this
stage is therefore mostly affected by necrosis, and the associations be-
tween echocardiographic markers of LV function and infarct size be-
come improved. LV global strain and LVEF should therefore
preferably be measured after the patient is revascularized for optimal
prediction of infarct size and LV function in AMI.

Hoffmann et al21 demonstrated that nonenhanced echocardiogra-
phy significantly underestimates LV volumes compared with cineven-
triculography and ceCMR and is associated with a high interobserver
variability in the determination of LVEF compared with ceCMR. Jen-
kins et al22 used quantitative CMR as the gold standard to measure LV

Figure 3 Relationship between infarct size measured by ceCMR and LV global strain and LVEF in the acute phase and after revas-
cularization. These figures show that in the acute phase, LV global strain (A) correlated better with infarct size than LVEF (C). After
revascularization, the correlation with infarct size improved for both LV global strain (B) and LVEF (D). ceCMR, contrast-enhanced
cardiac magnetic resonance; LV, Left ventricular; LVEF, left ventricular ejection fraction.

Table 4 Diagnostic accuracy of left ventricular global strain
and left ventricular ejection fraction by echocardiography in
the acute phase and after revascularization

AUC Sensitivity (%) Specificity (%) Cutoff value (%)

LV global strain acute 87 90 86 !13.0
LV global strain after

revascularization
90 90 86 !15.0

LVEF acute 72 80 55 51
LVEF after

revascularization
87 90 69 52

AUC, Area under the curve; LV, left ventricular; LVEF, left ventricular
ejection fraction.
Diagnostic accuracy of LV global strain and LVEF for detection of myo-
cardial infarcts larger than 20% of the total LV mass.

Table 5 Reproducibility of left ventricular global strain and left
ventricular ejection fraction by echocardiography in the acute
phase (n = 20)

Intraobserver Interobserver

LV global strain (%) 0.91 (0.80-0.96) 0.91 (0.79-0.96)
LVEF (%) 0.92 (0.82-0.97) 0.72 (0.43-0.88)

LV, Left ventricular; LVEF, left ventricular ejection fraction.
Values are intraclass correlation coefficient (ICC). ICC was considered
as poor when ICC < 0.4, fair when ICC = 0.40-0.59, good when ICC =
0.60-0.74, and excellent when ICC $ 0.75. Numbers in parentheses
are 95% confidence intervals.
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•  LV global strain is a more precise diagnostic predictor of large infarcts compared with LVEF and is 
more reproducible.  

•  Global strain measured after revascularization demonstrates advantages over LVEF in the 
evaluation of LV injury in patients with ST-elevation myocardial infarction.  



Linear regression 
showed good correlation 
between GPLS and 
Infarct Size (assessed 
by SPECT) 

Eur J Echocardiography (2011) 12, 156–165  



Our experience: a pt with acute apical MI 



Acoustic window improved by CE 



Acoustic window improved by CE 

Wide apical WMA 





edema 

LGE  

Acute phase 

First pass 



Delayed hypertenhancement Delayed hypertenhancement 

…6 months later 





Variabili che condizionano entità e  
 progressività del rimodellamento ventricolare 

• Sede dell’infarto 

• Dimensioni dell’infarto 

• Modalità e tempi di cicatrizzazione dell’infarto 

• Sollecitazioni meccaniche parietali 
     (stress telediastolico e telesistolico) 



Effect of Infarct Artery Patency on Prognosis After 
               Acute Myocardial Infarction 

Gervasio A. Lamas, MD; Greg C. Flaker, MD; Gary Mitchell, MD; Sidney C. Smith, Jr, MD; 
Bernard J. Gersh, MD, ChB, Dphil; Chuan Chuan Wun, PhD; Lemuel Moyè, MD, PhD; Jean L.  
Rouleau, MD; John D. Rutherford, MD; Marc A. Pfeffer, MD, PhD; Eugene Braunwald, MD; 
for the Survival and Ventricular Enlargement Investigators 
                                                                                                  (Circulation, 1995;92:1101-1109) 







Clinical Implications of the 
“No Reflow” Phenomenon 

A Predictor of Complications and Left Ventricular 
            Remodelling in Reperfused Anterior 
                     Wall Myocardial Infarction 

Hiroshi Ito, MD; Atsushi Maruyama, MD; Katsuomi Iwakura, MD; Shin Takiuchi, MD; 
Torhu Masuyama, MD; Masatsugu Hori, MD; Yorihiko Higashino, MD; Kenshi Fujii, MD 
Takazo Minamino, MD. 
                                                                                            (Circulation, 1996; 93: 223-228) 



INTERACTIVE FACTORS THAT 
INFLUENCE LV REMODELING 

LV REMODELING 

INFARCT SIZE IRA PATENCY 

TIME-TO-TREAT 
TRANSMURAL EXTENT 

OF NECROSIS 

ISCHEMIC 
PRECONDITIONING LV DIASTOLIC 

FUNCTION 

MICROVASCULAR 
INTEGRITY 

COLLATERALS 

RESIDUAL 
STENOSIS 

NEUROHORMONAL  
ACTIVATION 



Epicardial Vessel Microvasculature 

Microvascular 
Plugging 

Microvascular 
Spasm or Edema 

Platelet 
Aggregation 

Oncosis  Apoptosis 

Extravascular  
Resistances 

Thromboemboli 
and  
Atheroemboli 

Myocites 



Cardioprotection in AMI 

Early reperfusion—attain and maintain coronary patency 
      Stents  > PCI > thrombolysis 
Agents to help maintain patency: 
     Aspirin 
     Low-molecular-weight heparin 
     Glycoprotein IIb/IIIa inhibitor with PCI 
     Intravenous beta-blocker (given early) 
  

Proven Benefit in AMI 

Glucose-insulin-potasium or glucose-insulin 
Adenosine (anterior wall myocardial infarctions) 
Cariporide 
Thrombectomy devices 
Hypothermia (in anterior wall AMI with temperature 35°C) 
Hyperoxemic solutions 

Possible Benefit as Early Adjunctive Therapy 

Inhibitors of neutrophil adhesion 
Calcium channel blockers 
hSOD (superoxide dismutase) 
Reothrex  
Trimetazidine (antioxidant) 
Molsidomine (nitric oxide donor)  
Fluosol  
Hyaluronidase (pre-thrombolytic study)  
Corticosteroids 
Beta blockers (given late and without reperfusion) 
Complement inhibition (no effect on infarct size) 

No Consistent Benefits as Early Adjunctive  
Therapy in Clinical Trials 

Modified from Kloner and Rezkalla, J Am Coll Cardiol 2004 



Epicardial Vessel Microvasculature 

Microvascular 
Plugging 

Microvascular 
Spasm or Edema 

Platelet 
Aggregation 

Oncosis  Apoptosis 

Extravascular  
Resistances 

Thromboemboli 
and  
Atheroemboli 

Myocites 



Ø  In STEMI the “ no-flow” phenomenon is caused  
      by the distal embolization after the IRA reopening  
                    (30% of STEMI pts) 
 
 
 

Distal Embolization as “NO-FLOW” determinant 

        ( G. Ndrepepa JACC 2010;55;2383-2389 ) 

Ø  Impact of “NR” on  
     IS and Mortality 

IS % 





 ST Segment Changes 
 TIMI grade 
 Blush grade  
 SPECT 
 MCE 
 MRI  
 2D strain     

Microvascular Flow 
Assessment in ACS: Methods 



 Speckle Tracking EXPIRA trial   
Echo sub-study 

Echocardiography. 2014 Aug;31(7):842-7 

Apical strain impairment 



Delayed  
enhancement 

Echocardiography. 2014 Aug;31(7):842-7 

2D strain correlation with MRI 



INTERACTIVE FACTORS THAT 
INFLUENCE LV REMODELING 

LV REMODELING 

INFARCT SIZE IRA PATENCY 

TIME-TO-TREAT 
TRANSMURAL EXTENT 

OF NECROSIS 

ISCHEMIC 
PRECONDITIONING LV DIASTOLIC 

FUNCTION 

MICROVASCULAR 
INTEGRITY 

COLLATERALS 

RESIDUAL 
STENOSIS 

NEUROHORMONAL  
ACTIVATION 
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L Ag Feb ‘09 



L Ag Feb ‘09 
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Early and Late Changes in Left Ventricular 
Filling After Acute Myocardial Infarction and 

The Effect of Infarct Size 

Athanase Pipilis, MD; Theo E. Meyer, FCP(SA), Dphil, Oliver Ormerod, 
DM, MRCP; Marcus Flather, MRCP and Peter Sleight, MD 

                                                            (Am J Cardiol 1992; 70:1397-1401) 





Early mild impaired relaxation 

Restrictive physiology, altered compliance  
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Calcolo dello stress circonferenziale 
mediante ecocardiografia tridimensionale 
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ecocardiografia tridimensionale 
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Cellular Mechanisms of Myocardial 
               Infarct Expansion 

Harlan F. Weisman, MD; David E. Bush, MD; John A. Mannisi, MD; Myron L. Weisfeldt,  
MD and Bernardine Healy, MD 
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Myocyte Cell Death in the 
Infarcted Heart 



Stretch-Induced Programmed                                
Myocyte Cell Death  

Wei Cheng,* Baosheng Li,* Jan Kajstura,* Peng Li,* Micheal s. Wolin,† 
Edmund H. Sonnenblick,*†Thomas H. Hintze,† Giorgio Olivetti,* and Piero Anversa*† 
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Left Ventricular Remodeling in Heart Failure:  
Current Concepts in Clinical Significance and Assessment 

J Am Coll Cardiol Img. 2011 



Prognostic Implications of Left Ventricular Mass
and Geometry Following Myocardial Infarction
The VALIANT (VALsartan In Acute myocardial iNfarcTion)
Echocardiographic Study

Anil Verma, MD,* Alessandra Meris, MD,* Hicham Skali, MD,* Jalal K. Ghali, MD,†
J. Malcolm O. Arnold, MD,‡ Mikhail Bourgoun, MD,* Eric J. Velazquez, MD,§
John J. V. McMurray, MD,! Lars Kober, MD,¶ Marc A. Pfeffer, MD, PHD,*
Robert M. Califf, MD,# Scott D. Solomon, MD*

Boston, Massachusetts; Detroit, Michigan; London, Ontario, Canada; Durham, North Carolina;
Glasgow, Scotland; and Copenhagen, Denmark

O B J E C T I V E S This study sought to understand prognostic implications of increased baseline left

ventricular (LV) mass and geometric patterns in a high risk acute myocardial infarction.

B A C K G R O U N D The LV hypertrophy and alterations in LV geometry are associated with an

increased risk of adverse cardiovascular events.

M E T H O D S Quantitative echocardiographic analyses were performed at baseline in 603 patients

from the VALIANT (VALsartan In Acute myocardial iNfarcTion) echocardiographic study. The left ventricular

mass index (LVMi) and relative wall thickness (RWT) were calculated. Patients were classified into 4 mutually

exclusive groups based on RWT and LVMi as follows: normal geometry (normal LVMi and normal RWT),

concentric remodeling (normal LVMi and increased RWT), eccentric hypertrophy (increased LVMi and normal

RWT), and concentric hypertrophy (increased LVMi and increased RWT). Cox proportional hazards models

were used to evaluate the relationships among LVMi, RWT, LV geometry, and clinical outcomes.

R E S U L T S Mean LVMi and RWT were 98.8 ! 28.4 g/m2 and 0.38 ! 0.08. The risk of death or the

composite end point of death from cardiovascular causes, reinfarction, heart failure, stroke, or

resuscitation after cardiac arrest was lowest for patients with normal geometry, and increased with

concentric remodeling (hazard ratio [HR]: 3.0; 95% confidence interval [CI]: 1.9 to 4.9), eccentric

hypertrophy (HR: 3.1; 95% CI: 1.9 to 4.8), and concentric hypertrophy (HR: 5.4; 95% CI: 3.4 to 8.5), after

adjusting for baseline covariates. Also, baseline LVMi and RWT were associated with increased mortality

and nonfatal cardiovascular outcomes (HR: 1.22 per 10 g/m2 increase in LVMi; 95% CI: 1.20 to 1.30; p "

0.001) (HR: 1.60 per 0.1-U increase in RWT; 95% CI: 1.30 to 1.90; p " 0.001). Increased risk associated with

RWT was independent of LVMi.

C O N C L U S I O N S Increased baseline LV mass and abnormal LV geometry portend an increased risk

for morbidity and mortality following high-risk myocardial infarction. Concentric LV hypertrophy carries

the greatest risk of adverse cardiovascular events including death. Higher RWT was associated with an

increased risk of cardiovascular complications after high-risk myocardial infarction. (J Am Coll Cardiol

Img 2008;1:582–91) © 2008 by the American College of Cardiology Foundation
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Functional Significance of Hypertrophy of the 
Noninfarcted Myocardium After Myocardial 

Infarction in Humans 

Leonard E. Ginzton, MD; Richard Conant, PhD, derek M. Rodrigues, MD 
and Michael M. Laks, MD 

                                                                    (Circulation 1989; 80: 816-822) 
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Relation Between Post-MI End Systolic Volume 
and Natural History Outcomes 

Migrino RO et al. Circulation. 1997;96:116-121. 
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Pathogenesis of mitral regurgitation in acute 
Myocardial infarction: importance of changes in 

Left ventricular shape and regional function 

Jan M. Van Dantzig, MD; Ben J. Delemarre, MD; Rudolph W. Koster, MD; 
Hans Bot, PhD and Cees A. Visser, MD Amsterdam, The Netherlands 

                                                                     (Am Heart J 1996; 131:865-871) 



3D Full Volume and RT3D evaluation: 
 insights on LV function and MV morphology 



 Pt with previous inferior MI 



…functional ischemic MR 



Survival (±SE) after diagnosis according to presence of IMR. 

Grigioni F et al. Circulation. 2001;103:1759-1764 

Ischemic Mitral Regurgitation
Long-Term Outcome and Prognostic Implications With Quantitative

Doppler Assessment
Francesco Grigioni, MD; Maurice Enriquez-Sarano, MD; Kenton J. Zehr, MD;

Kent R. Bailey, PhD; A. Jamil Tajik, MD

Background—Myocardial infarction (MI) can directly cause ischemic mitral regurgitation (IMR), which has been touted
as an indicator of poor prognosis in acute and early phases after MI. However, in the chronic post-MI phase, prognostic
implications of IMR presence and degree are poorly defined.

Methods and Results—We analyzed 303 patients with previous (!16 days) Q-wave MI by ECG who underwent
transthoracic echocardiography: 194 with IMR quantitatively assessed in routine practice and 109 without IMR matched
for baseline age (71"11 versus 70"9 years, P#0.20), sex, and ejection fraction (EF, 33"14% versus 34"11%,
P#0.14). In IMR patients, regurgitant volume (RVol) and effective regurgitant orifice (ERO) area were 36"24 mL/beat
and 21"12 mm2, respectively. After 5 years, total mortality and cardiac mortality for patients with IMR (62"5% and
50"6%, respectively) were higher than for those without IMR (39"6% and 30"5%, respectively) (both P$0.001). In
multivariate analysis, independently of all baseline characteristics, particularly age and EF, the adjusted relative risks
of total and cardiac mortality associated with the presence of IMR (1.88, P#0.003 and 1.83, P#0.014, respectively) and
quantified degree of IMR defined by RVol !30 mL (2.05, P#0.002 and 2.01, P#0.009) and by ERO !20 mm2 (2.23,
P#0.003 and 2.38, P#0.004) were high.

Conclusions—In the chronic phase after MI, IMR presence is associated with excess mortality independently of baseline
characteristics and degree of ventricular dysfunction. The mortality risk is related directly to the degree of IMR as
defined by ERO and RVol. Therefore, IMR detection and quantification provide major information for risk stratification
and clinical decision making in the chronic post-MI phase. (Circulation. 2001;103:1759-1764.)

Key Words: infarction ! mitral valve ! prognosis ! regurgitation

Ischemic mitral regurgitation (IMR) is mitral regurgitation(MR) due to complications of coronary artery disease, in
particular, myocardial infarction (MI), and not the fortuitous
association of coronary artery disease with intrinsic valve
disease such as rheumatic disease. In the acute phase of MI,
IMR is frequent1 and appears to carry an adverse progno-
sis.1–3 However, the prognostic implications of IMR in the
chronic post-MI phase are uncertain. In pioneering series that
underscored the potential importance of IMR, patients were
often included early after MI,4 and decreased survival of
patients with IMR may have been due to inclusion of acute
MI.2,3 Furthermore, MR angiographic grade was not indepen-
dently predictive of survival, and only a score combining MR
grade with clinical data was a weak independent predictor of
outcome.4 Therefore, the SAVE (Survival And Ventricular
Enlargement) study data proved of major interest by suggest-
ing that mild IMR was associated with high mortality.5
However, because the study design excluded MR grade 3 or

4 and limited inclusion to 16 days after MI, the prognostic
implications of IMR remain uncertain, particularly regarding
specific implications of the full range of chronic IMR.
Nevertheless, these pioneering series had the undisputed
merit of raising the hypothesis that IMR, which affects 19%
of patients after MI,4,5 may be a marker of poor outcome,
suggesting that if observed in pure, chronic, definite IMR of
all degrees, such an observation may have major prognostic
and therapeutic implications.
For diagnosing IMR, murmur is of limited value,6 and

objective methods are required. Angiography has been widely
used4,5 but may imply referral based on severity of presenta-
tion; in addition, it has technical limitations and cannot define
valvular anatomy and cause of MR. Echocardiography is
highly accurate for anatomy, but standard color flow imaging
is fraught with errors in IMR.7 However, quantitative Doppler
methods have been developed8–11 that allow quantitative
grading of MR in routine clinical practice.12
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Percutaneous Mitral Valve Repair 

Catheter Delivery System 

fibromuscular continuity that generates enough force to
counteract or constrain the distending wall stress with retar-
dation of adverse remodeling. Histopathological studies have
found progressive “healing” over the course of several months,
with eventual formation of mature collagen-rich matrix and
complete fibrous encapsulation on the outer surface of the
device that helps to maintain device integrity and stability (29).
Despite this healing process, conventional surgical MV
reconstruction can usually be done in patients who received
MitraClip as late as 5 years after the implantation. Most of
these cases have successful surgical repair (30). Due to the

fibrous tissue bridge, it is important to perform careful
dissection of and have a basic understanding of the mecha-
nism to unlock the device such that the MitraClip can
be explanted safely during surgery to preserve the mitral
leaflets (31,32). Although occasionally MV replacement is
required after MitraClip implantation due to MV injury or
difficulty in removing the clip, presence of the MitraClip
itself was not a major predictor of valve replacement, rather
replacement was strongly associated with anterior or
bi-leaflet MV pathologydalso predictors for valve replace-
ment during surgical repair (32).

Figure 1 MitraClip System

(A) The partially open MitraClip (Abbott Laboratories, Abbott Park, Illinois) device is shown without its fabric covering. A fine wire runs through the barbed “grippers,” which is
used to raise the grippers. (B) The device in closed configuration. (C) The MitraClip is attached to the clip delivery system, which protrudes from the steerable guide catheter.
(D) Control knobs allow deflection of the guide and clip delivery system to steer the system through the left atrium and position the MitraClip above the mitral orifice.

Figure 2 Introducing the Clip

To introduce the clip, the clip delivery system is advanced through the guide into the left atrium (left). Under echocardiographic and fluoroscopic guidance, the clip is aligned
perpendicular to the valve plane, with the clip arms perpendicular to the line of coaptation. It is then advanced into the left and then slowly retracted to grasp the leaflets (right).
The clip is closed (right, inset), and if reduction of mitral regurgitation is satisfactory, it is released.

JACC Vol. 63, No. 20, 2014 Feldman and Young
May 27, 2014:2057–68 Percutaneous Approaches for Mitral Regurgitation
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MitraClip: essential role of echo 

• Patient selection 
• Guidance to Procedure 
•  Identification/Assessment  

 of Complications 
• Evaluation of Final Results 
• Follow up 



Indications for Mitral clipping  Indications for Mitral clipping 

… really so effective? 



Rimodellamento  Ventricolare  
Post - Infartuale 

Trattamento   



“Prevenzione  Primaria” 

  E’  possibile  prevenire  o  minimizzare 
  il  processo  di  rimodellamento: 

●  limitando  l’insulto  iniziale  attraverso   
riperfusione  miocardica  precoce; 

●  avviando  un  trattamento  farmacologico  
precocemente  ed  estensivamente  a  tutti  i  
pazienti  dopo  IMA. 



“Prevenzione  Secondaria” 

●  Trattamento  farmacologico  avviato  più  
tardivamente  in  pazienti  selezionati  in  
base  alla  presenza  di  insufficienza  
cardiaca,  disfunzione  ventricolare  
sinistra, etc. 



Rimodellamento  Ventricolare  
Post - Infartuale 

Quale  Trattamento  
Farmacologico?  



Effetto  
 emodinamico 

Effetto  
 cardioprotettivo 

Effetti  spesso  disgiunti 



TERAPIA FARMACOLOGICA  
INSUFFICIENZA CARDIACA 

Situazione attuale 

Ace-inibitori 
Beta-bloccanti 

Diuretici 

Digitale 

Inibitori  
Recettori 

Angiotensina 

Antialdosteronici 

Statine 

Antagonisti recettoriali 
vasopressina 

Antagonisti 
dell’endotelina 
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Antagonisti  
adrenergici 



Spironolattone: potenziali meccanismi d’azione 
25 mg/die 

Diuresi e sodiuresi 

Effetto emodinamico non significativo 
(soprattutto se paragonato ai diuretici  

dell’ansa utilizzati) 

Blocco effetto aldosterone 
↓ formazione di collagene 
↓ fibrosi miocardica e vascolare 
↓ perdita di potassio 
↓ rischio morte improvvisa 

Effetto additivo a quello degli Ace-inibitori 

Weber K.T. N Engl J Med 1999, 341 
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Figure 1.2.  Types of adult (multipotent) and pluripotent stem cells for heart regeneration 

New emerging therapies:  
cardiac stem cells 
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Figure 1.3.  Overviews on the types of adult stem cells are being investigated in the treatment of acute myocardial infarction, chronic 

 myocardial ischemia and heart failure. 

Cardiac stem cells: increasing use in humans 
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