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INTRODUCTION

Acute myocardial infarction (AMI) can be defineddiiferent ways in
relation to its clinical, elettrocardiographic, eclardiographic,
biochemical and phatologic characteristicinstead, it is widely
accepted that the term myocardial infarction reflethe death of
cardiac myocytes caused by prolonged ischaemia.

An acute coronary syndrome (ACS) is nearly alwagssed by a
sudden reduction in coronary blood flow caused therasclerosis
with trombosis superimposed with or without conciami
vasoconstrictioh

In the presence of clinically appropriate symptdwie categories of
patients may be encountered: patients with perdisf8 segment
elevation or (or so presumed) new left bundle dnavlock (STEMI)
and patients without ST segment elevation, i.es&jment depression
or T wave abnormaliti@§NSTEMI).

Persistent ST segment elevation generally refleoite total coronary

occlusion and the great majority of these patisht®v a typical rise



of myocardial necrosis biomarkers and progress tewae
myocardial infarction; the therapeutic goal is tapcomplete and
sustained recanalization of infarct vessel by fiblytic treatment or
primary percutaneous coronary intervention (PCI)
Echocardiography is a quick, repeatable, non ineagsliagnostic
technique playing a pivotal role in the diagnosml dollow-up of
ACS. Echocardiography allows to estimate severnilg axtension of
coronary artery disease and to obtain prognodficrmations that may
influence the terapheutic choices. An accurate yaisl of left
ventricular function, global and regional, is udefo evaluate the
anatomical injury and the complications of AMI.

In patients with STEMI, several randomized clinidailals have
demonstrated an improved residual left ventricdlarction and a
better clinical outcome after mechanfcal[PCl or, in a limited
number of patients, coronary artery by-pass surd@i&BG)] or
pharmachologicf (fibrinolysis) restoration of patency of the infar

vessel and myocardial tissue reperfusion.



The degree of recovery of left ventricular functiafter STEMI is
related to the quickness and effectiveness of @yoreperfusion and
consequently, to real infarct size

The necessary time for a complete functional regoveally differ
among patients and, in a single patient, is vagiai®pending on
myocardial segments. Several studies with repeatbdcardiograms
have demonstrated the restoration of left ventaictunction since 24
hours to ten days after coronary reperfusion; algihg in the presence
of stunned myocardium, three or four weeks mayedmessary.
Echocardiography is important for the evaluationledt ventricular
remodeling after ACS both during acute phase, dmwitsand long
term follow up; in fact, after effective coronargperfusion, left
ventricle dimensions are constant or reduced irfiteethree months
after STEMI, while increase in patients that hav# received an
effective myocardial tissue reperfustanThe patency of the infarct
vessel is also linked to the improvement of redidoaction and to
the reduction of dilatation of left ventricle sinome to six months

from symptoms onsEt™



Prognosis after AMI is related to the severity eft Iventricular
systolic impairment (infarct size) and to the preseand extension of
residual myocardial ischenifain facts, an infarcted area of more than
35% of whole left ventricle identifies patientshagh risk of further
events (reinfarction and death), with a percentdgaortality of 50%
in the first month after AMP.

Several multivariate analyses have demonstrated wiad motion
score index (WMSI) and left ventricle ejection fian (LVEF) are
important predictors of major adverse cardiovasoeNents (MACES)
and provide an accurate risk assessment (even ntoam
haemodinamic parameté&td%. After STEMI, high values of WMSI
identify patients at high risk of early in-hospi@dath, heart failure
and fatal arrhythmids

Left ventricle ejection fraction (LVEF), expressionf global systolic
function, is another very reliable parameter fangderm prognosis
after AMI; in a population of 512 AMI patients, esgstolic area and
left ventricle systolic function calculated on theasis of
echocardiogram performed eleven days and one yearsymptoms

onset, were the stronger predictors of death an€CE&.



Another important relief during the acute phase AWl is the
presence of hyperkinesis of myocardial segmentsrelated to the
infarct vessel; the absence of compensatory hypesis is expression
of multivessel coronary dised$&>**and is associated with an higher
incidence of death, reinfarction and heart faflure

Actually, evaluation of left ventricular functiora be performed with
several echocardiographic methods: M-mode, two dgiemal (2D)
and Doppler [pulsed-wave (PW), continuous-wave (GMWl color]
echocardiography, three dimensional (3D) echocgrdphy,
backscatter, automatic border detection (ABD) a@itl Ventricular
opacification (LVO), color kinesis and tissue dagpimaging (TDI).
Echocardiographist experience (operator-dependguandplly limits
the use of this tecnique in the diagnosis, rislkesasient and follow up
of AMI.

The increasing potentiality and flexibility of digl techniques are
only partially utilized in acquisition, recordingié off-line analysis of
echocardiographic data, but it is easy to foreeafiiture dominant

role of these methods in ultrasonic imaging.



The achievement of concrete progress in real-tio@ardiographic
imaging is due to a better comprehension of intemas between
ultrasounds and tissues and to a better knowledgéormation,

enhancement, analysis and quantification of ultragoaphic images.

The interest in the availability of a quantitatimeethod using an
echocardiogram can be attributed to three mairorsas) qualitative
methods for the appraisal of left ventricular fuoctare subjective
and difficult to reproduce, b) a wide inter-operatariability in

identifying events that materialize in a short pdriof time (< 80
msec) and finally, c) it is extremely difficult wingle out the onset
and duration of two or more occurrences that takacep

simultaneously.



AIM

Aim of the study were the validation and use of evrultrasonic
software for semi-automatic evaluation of globab amgional left
ventricular function in patients with STEMI.

Moreover, this software was used to analyze the cawybal

deformation (strain) and systolic and diastolic alowelocities at
infarcted and peri-infarcted region level; the awnthis evaluation
was to identify the most important functional paeaens for short and

long term prognosis after STEMI.



MATERIALS AND METHODS

Study population

We analyzed 39 patients (mean age 59 + 13 year89%/6nen),
admitted to the intensive coronary care unit of @adiac, Thoracic
and Vascular Department of Pisa University Hospiltigéh a diagnosis
of STEMI.

STEMI was defined according to the European Sociefy
Cardiology/American College of Cardiology and Ancen Heart
Association/American College of Cardiology critéfa

The selection did not require the approval of th&titutional Ethical
Committee because patients’ name were not reveaad
echocardiographic evaluation was performed withur standard
diagnostic method without any additional procedfmethe patient.
All patients, however, were informed about and edré¢o data
collection and study execution. All available oiai data were
collected and stored in an appropriate database.

Inclusion criteria of study patients were:
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» a prior diagnosis of STEMI;

» a TIMI-3 (angiographic evidence of grade 3 corgndlow
proposed by the Thrombolysis in Myocardial Infayatistudy group)
flow of the infarct-related coronary artery aftempary or rescue PCl,
» an adequate acoustic window.

Patients with malignancies, sepsis, immunologiealg, chronic renal
failure (serum creatinine 2.5 mg/dl), advanced liver disease, central
nervous system damage, severe anemia<{(#0 g/dl) and aged more
than 85 years were excluded.

77% (31 patients) and 13% (8 patients) were treaiddprimary and
rescue PCI respectively. Twenty-three, 5 and liepist showed one-,
two, and three-vessel coronary disease respectiveely}complete
myocardial revascularization (during the first wedter STEMI) was
performed in 9 out of 16 patients with multivessalonary disease.
After initial treatment (primary or rescue PCI), dm@al long-term
therapy was administered according to clinical ifigd and physician
judgment.

Briefly, aspirin, clopidogrel, angiotensin-convagi enzyme

inhibitors, 3-hydroxy-3-methylglutaryl coenzime A eductase
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inhibitors (statins) and3-blockers were administered as standard

therapy to all patients (except contraindications).

Study procedures

All study patients were submitted to conventionahacardiography
[M-mode, 2D and Doppler (PW, CW and color)] perfednwith a
“Sequoia” echograph equipped with “4S” transducerirdensive
coronary care unit admittance time [time O (tOhet days [time 1
(t1)] and six days [time 2 (t2)] from symptoms anse

We obtained mono dimensional echocardiographic @sday short
and long axis parasternal view and two dimensional
echocardiographic images by two, four and five apibamber views.
Left ventricular diameters, interventricular septand posterior wall
thickness were measured according to the Americaciey of
Echocardiography critedg end-diastolic and end-systolic volumes
and global ejection fraction of left ventricle weodbtained with

Simpson’s rule formuf&.
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Left ventricular mass (LVM) was calculated with [@egux’s formula
(Penn ConventioR), indexed for body surface (LVM) and height
(LVMi )33

We evaluated PW Doppler parameters of transmikoal ¥elocity: E

peak (velocity peak of transmitral flow in earlyadiole), A peak
(velocity peak of transmitral flow during atrial stgle), E/A ratio,
mitral acceleration time (from baseline to E peakifyal deceleration
time (from E peak to baseline) and isovolumetriaxation time

(IVRT).

Regional wall motion was studied after subdivisadrieft ventricle in

16 segments according to the American Society dbEardiography
Guideline§’.

We attribute to each segment a systolic wall tmakg score as
follow:

» normokinesia (point 1);

» hypokinesia (points 2);

» akinesia (points 3);

» dyskinesia (points 4).
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The degree of wall motion abnormality was categatiadding up the
score of each segment and dividing the result gl toumber of
evaluated segments [according to wall motion satex (WMSI)F-.
Two dimensional echocardiographic images, obtame@,4,5 apical
chamber views, were transferred to a personal ctenjaund analyzed
off-line with a new software “DIOGENE” (AMID techiagy, Italy).
“DIOGENE” provides global and regional LVEF evalat through
automatic border detection searching for each singbints the
maximum likelihood in the greyscale pattern overneighbourhoods
in the following frames. With “Diogene” the endode border is not
determined by software, but it's traced on a siriglene by an expert
operator and then it's followed by software duritite acquired

cardiac cycles (Figure 1).
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Figure 1: endocardial border layout on four apatember view.

Using DIOGENE software, ambiguities of a total am&bic approach
are eliminated and a more careful check is possible

Endocardial border, drawed on a sigle frame, istifled by a series
of single points and then it's followed by softwér@me by frame.
Calculation of traced points shifting, frame bynfia during cardiac

cycle, provides velocity vector data, peculiar bé tmotion of the

same point§®
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Unlike TDI, velocities calculated with “DIOGENE” arvectorial (two
components) and not dependent on the ultrasonile arigncidence.
After definition of endocardial border in every rina, left ventricular
volumes are calculated according to Simpson’s folmula®, using

64 equally-spaced disks between mitral floor anéxapwvith this

method, “DIOGENE” is able to calculate both glohad regional (16
segments) systolic funtion of left ventricle.

With the same technique it's possible to invesggahifting and
velocity vectors of points in the myocardial thielss, permitting the
evaluation of two parameters, expression of avebafpaviour of wall
thickness: strain and strain-rate, strictly linkeml intramyocardial
regional functiof"*2*

Strain can be defined the deformation of an objedexed for its
original shape. Strain of a monodimensional elementhe ratio

between change of its lenght after stress and nginal lenght:

A = (L - Lo)/Lo (Figure 2).

Strain of a two-dimensional element provides a nacred

deformation along two orthogonal directions (Figdyg) and angular

changes between these two axes (Figweg).2Strain of a two-
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dimensional element is a matrix with four indexésl@ormation: two
axial indexes and two angular indexes. This masrixamed tensor of
deformation, with dimensions 2x2.

Likewise strain of a three-dimensional elementetngated by nine
indexes of deformation: three axial indexes andasigular indexes.
Tensor of deformation have dimensions 3x3.

In this study we considered the mono-dimension&brdeation of a
segment of left ventricular wall, belonging to teedocardial border
traced point by point.

Deformation of evaluated segments depends on #ilocardial
border location and time. If we know istant by igtatart and end-
time segment deformation of the process we cameld@fistantaneous
deformation of the segment att time such as:
A(t) = [L(1) — L(to) I L(to).

Moreover, the deformation at generical instardan be expressed
referring to the deformation at the immediately nfier instant:
dA(t) = [L(t+dt) — L) I/ L(1).

In this way, total deformation of a segment betweminstantd, —t;

Is the addition of single deformations at time imgs dt, in which the

17



intervalty, —t; is resolved. Deformation so calculated is namedral
deformation. Natural deformation is the most adequate to assete
deformations like that during contraction and rateon phases of
cardiac cycle.

Strain is a measure of the evaluated segment otwitaand it is

strictly linked to tissue effective contractility.

ig
E

gure 2: strain concept illustration.

Strain rate is expression of the velocity of defation and it's
measure unit is”s strain rate is calculated with the first derivatiof

deformation (strain) in the time.
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Instantaneous strain rate is defined with the fdama(t) = L'(t)/L(t):
L'(t) is the deformation rate in the unit time andt)L{s the
instantaneous lenght of evaluated segment.

Strain rate is a measure of deformation in the tand it expresses
shortening velocity for lenght of myofibril. Mearrain rate of aAr
long segment at the instanis defined with the following formula:

g(t) = [v(r + Ar) —v()])/ Ar (Figure 3).

|: |! AT :|If:|:l.f{r+.-\r)

:I=. |:I: :I:I: __I_.-:I. vir)

Figure 3: strain rate concept illustration.

Strain rate is zero for equal velocities of defatiiora in the two
points; if the difference v§Ar) — v(r) is positive we have traction,

otherwise we have compression.
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In this way, in every patient after STEMI, we eakd (by two, four
and five apical chamber views) longitudinal strafrsome regions of

left ventricle (figure 4).

Figure 4: longitudinal strain.

In figure 5 we can observe an example of “Dioger&dboration
relative to intra-myocardial velocities and straamd strain rate
behaviour. The curves of velocities (left ordinatecm/s) and strain
(right ordinate in %) time variation are reportedtihe low diagram;
likewise the curves of velocities (left ordinateam/s) and strain rate

(right ordinate in $) time variation are reported in the high diagram.
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Figure 5: velocity, strain and strain rate timeiatons.

With “Diogene” in all study patients we obtained detfiastolic
volume (EDVc), end-systolic volume (ESVc), glob@ation fraction
(EFc) and regional ejection fraction (EFr) of theteen segments of
left ventricle at tO, t1 and t2.

In this way we identified myocardial areas withfeiient behaviour:
1- akinetic areas at t0, t1 and t2 (infarcted gréasareas in wich EFr
has improved (stunned myocardium); 3- areas in widfr has
impaired (extension of ischemia); 4- “healthy” are®t injuried by
Ischemia.

“Diogene” marks EFr with different values and cakiul- EFr > 35%
(green colour) is normal; 2- 15% < EFr < 35% (remloar) is
expression of an hypokinetic segment; EFr < 15%¢glatolour) is

expression of akinesia (Figure 6).
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We studied intra-myocardial function of four areascording to the
values obtained with the software and the infancocary vessel: 1- a

first infarcted area, akinetic or severely hypokimat all evaluation
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times; 2- a second infarcted area, akinetic orredyvéypokinetic, that
only in nine patients showed an improvement of &fin recovery of
a normal value at t2; 3- a peri-infarcted area #raiwed a variable
behaviour (improvement of EFr in 32 patients; lighbrsening in
seven patients); 4- “healthy” area not injuried isghemia, that
showed a normal EFr at all evaluation times.

In every area, “Diogene” provided strain and stnate of evaluated
segment and intra-myocardial velocities of eachmtpgselected for
vectorial analysis (three points for every segme&tpeak (systolic
peak), E peak (proto-diastolic peak), A peak (eiadtdlic peak)’*?
(Figure 5).

Patients of the study were divided onto two groapsording to LVEF
percent variation, obtained with conventional eenrdography:
group 0 (20 patients, 80% men) with improved orstant ejection
fraction and group 1 (19 patients, 74% men) wittEEMmpairment.
Inter-individual and intra-individual variability fovalues obtained

with manual and semi-automatic method was very |Bwaluated

parameters correlation was between 0.9 and 0.98riref to inter-
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individual variability values and between 0.89 @nh84 referring to

intra-individual variability values.

Statistical analysis

Continuous variables are expressed as mean vahlgsstandard
deviation. Analysis of variance for repeated measw@and Tukey test
were performed to evaluate echocardiographic paemngitudinal
differences (at t0, t1 and t2). Student’s t-testrfot-paired data was
performed for cross comparison between group Ogaodp 1. We
used analysis of variance for repeated measuresdaeg to Bland-
Altmann method to evaluate semi-automatic methpetraility, with
an intra and inter-class coefficient.

All calculation were performed using SPSS/PC+11i&tidical
software.

Linear regression method was performed to obtameardiographic
parameters correlation coefficients. The resultsreweonsidered

significant when the p value was < 0.05.
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RESULTS

Study patients were divided into two different gueun relation to
LVEF values obtained with conventional echocarcapdy at tO, tl
and t2 evaluation: group O patients showing impdowe constant

LVEF (tO vs t2: 46.88 4.26 vs 54.3& 5.85%; p < 0.05) (Figure 7),
and group 1 patients showing LVEF impairment ($0t®: 54.00+

6.48 vs 49.1% 2.57%; p < 0.01) (Figure 8)
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Figure 7: time course variation of LVEF in groupl®/EF values are expressed
as percentage.
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Figure 8: time course variation of LVEF in grouplMEF values are expressed
as percentage.

Age, body mass index (BMI), body surface, heant,raystolic and
diastolic arterial pressure, cardiac damage seruwarkems (except
Troponin | peak value significantly higher in grodp were similar
between group 0 and 1 (Table 1).

Correlations between Troponin | peak value and EE®V, EF,

EDVc, ESVc and EFc were evaluated at t0, t1 anavipbserved a
significant correlation between | Troponin peakuealand EF at t2

(p <0.02) and EFc at t2 (p < 0.05).
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The same values were compared with intra-myocainddites and
showed a significant correlation with the valuestrin peak at first
infarcted region level at t2 (p < 0.01) and withast rate at second
infarcted region level at t2 (p < 0.03).

CKMb peak values were similar between group 0 amoum 1;
nevertheless they correlated with EF at t2 (p <kPN.EFc at t2
(p < 0.05) and strain peak of first infarcted regat t2 (p < 0.01).
Coronary angiography was performed in all studyepés. In group 0
ten patients showed a single-vessel coronary adiesgase, while five
patients showed a two and three-vessel coronaeyyadisease. We
observed in 14 patients occlusion of left antedescending artery
and in six patients the occlusion of left circumfeatery. Primary PCI
of “culprit” lesion was performed in all group 0 gfatients; we
completed myocardial revascularization in eightiggas with multi-
vessel coronary artery disease during the firstknafeer AMI. In
group 1, 15 patients showed a single-vessel coyoaidery disease,
while four patients showed a three-vessel coroaaigry disease (in
these patients only PCI of “culprit lesion” was foemed). We

observed in eight patients the occlusion of lefteaar descending
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artery, in eight patients the occlusion of leftcamflex artery and in
three patients the occlusion of right coronary rart€rimary PCI of
“culprit” lesion was performed in eleven patienighile rescue PCI
was reserved for eight patients.

Left ventricular dimensions obtained in M-mode, LVMnd

trans-mitral flow velocity were similar between gm0 and group 1
at tO (Table 4).

Referring to left ventricular volumes and globakatjon fraction

obtained with conventional echocardiography (T&)leve observed:
1) EDV did not significantly differ between groupadd group 1; 2)
ESV and EF at tO were respectively higher (p < 0.82d lower

(p < 0.02) in group 0, while EF at t2 was highek(.04) in group O.

Analysis of EDV, ESV and EF at t0, t1 and t2 shoveedopposite
behaviour between group 0 and group 1.

In group 0, EDV showed a not significant reductiajle ESV was

significantly reduced (p < 0.05) and EF gradualigreased (p < 0.01).
In group 1, EDV and ESV increased (p < 0.04 and @.6l

respectively), while EF showed tl1 values signifibatower than tO

(p < 0.04) and t2 values similar to t1 (p = ns)l€a2 and table 3).
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Wall motion score index values showed a signifidane-dependent
reduction (tO vs t2; 1.64 vs 1.53; p < 0.01) inugrd®. Otherwise, in
group 1 WMSI values gradually increased from t@2t¢1.55 vs 1.62,;
p < 0.05) (Table 7 e table 8).

With “Diogene” we automatically calculated left waaular volumes
and ejection fraction (Table 5 e table 6).

EFc values at tO were significantly higher in grdugompared with
group 0. According to results obtained with conuerl
echocardiography, in group 0 EFc values gradualigreased
(p < 0.04) from tO to t2, while in group 1 EFc sheavt2 values
significantly lower than tO (p < 0.04).

Ejection  fraction  values, obtained  with conventiona
echocardiography, and EFc values, calculated wiodene”,

significantly correlate (p < 0.001) (Figure 9).
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In group 0, EDVc values were similar at all timesile ESVc values
gradually decreased (p < 0.05). In group 1, EDVd &%Vc were
increased since t0 to t2 with consequent left weultar dilatation and
dysfunction.

Correlation between EDV and ESV values, obtainedth wi
conventional echocardiography and with “Diogene’ravstatistically

significant (EDV p < 0.0001; ESV p < 0.001) (Figu@ and 11).
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Figure 10: EDV and EDVc values correlation.

Figure 11: ESV and ESVc correlation.

With “Diogene” we studied systolic and diastolidraxmyocardial
function of left ventricular four areas (two infeed areas, a peri-

infarcted area and an “healthy” area).
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All evaluated parameters showed similar values eetnwgroup 0 and
group 1.

In relation to time course variation of every smglalue, in each
group, we observed:

1- First infarcted area (Table 9 and table 10):

in group O strain and strain rate values were eonist similar. S peak
values gradually decreased (t0 vs t2; 1.87 vs 144,0.04), while E
peak showed a significant reduction at t1 (t0 vs-fl59 vs -0.7
p < 0.01) with similar values at t1 and t2 (t1 2s4.7 vs 0.78 p ns);
A peak was steady.

In group 1 strain and strain rate values showedrafieant reduction
(t0 vs t2; strain: -16.9 vs -8.74, p < 0.04; streate: 0.71 vs 0.37,
p < 0.05). S peak significantly differed with tllwas lower than tO (tO
vs tl; 1.37 vs 1.01; p < 0.05) and a small improaetat t2 (t1 vs t2;
1.01 vs 1.06; p = ns). E peak and A peak were ainat the three
evaluation times.

2- Second infarcted area (Table 11 and table 12):
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in group O strain and strain rate values were aimdt the three
evaluation times. S peak improved (t0 vs t2; 1.4@2w2; p < 0.05),
while E and A peaks were stable.

In group 1 strain and strain rate did not signiiiba differ. S peak
(t0 vs t2; 2.05 vs 1.17; p < 0.05) decreased apddk (10 vs t2; -2.32
vs -0.58; p < 0.04) gradually improved, while A pegas stable.

In this area we observed a different behaviour @am systolic
velocity between group 0 and group 1.

3- Peri-infarcted area (Table 13 and table 14):

in group O strain (t0 vs t2; -18.21 vs -21.25; 0.€5) and strain rate
(t0 vs t2; 0.56 vs 0.65; p < 0.05) values showedignificant
improvement. S peak gradually improved (p < 0.08%& observed a
normalization of diastolic parameters with increase&e peak (tO vs
t2; -1.43 vs -1.77; p < 0.05) and reduction of Aak&tO vs t2; -2.16
vs -1.28; p < 0.02).

In group 1 strain (t0 vs t2; -15.07 vs -25.58; 0.€3) and strain rate
(t0 vs t2; 0.88 vs 0.35; p < 0.05) values showedignificant
improvement. S peak gradually improved (10 vs tZ81vs 2.41; p <

0.05). E peak showed an oscillating time coursé wiitlevels lower
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than tO and a significant increase at t2 (t1 vs-21 vs -1.96;

p < 0.05), while A peak was steady: impairment w@stblic phase

persisted.

4- “Healthy” area (Table 15 and table 16):

in group O strain (t0 vs t2; -14.28 vs -21.04; f.65) and S peak (t0
vs t2; 2.39 vs 3.38; p < 0.05) values were improved

In group 1 all intra-myocardial function parameterst significant

differed at the three evaluation times.

To evaluate the prognostic burden of strain analrstiate, we studied
correlations between these values and EDV, ESV BRdvalues,

obtained with conventional echocardiography anth ltiogene”.

We observed in the first infarcted area, a sigaific correlation

between peak strain at tO and ESV value at t2 (p08) and EFc
value at t2 (p < 0.05). Another correlation wasnasn peak strain at

t2 and EF at t2 (p < 0.01).
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DISCUSSION

End-diastolic and end-systolic volumes of left vt obtained with
conventional two-dimensional echocardiography (Sioms rule
formula) are significantly correlated with the volas obtained with
ventriculography  (cardiac  catheterization) and naydl
scintigraphy.

In this study we compared left ventricular functigmarameters
obtained by an expert operator with conventionddoeardiography
and with semi-automatic “Diogene” evaluation. Wesetved a
significant correlation between values obtainedwiitese techniques,
showing the high reliability of semi-automatic medh

Preliminary partition of the patients in two groupsbtained by
strength of left ventricular ejection fraction temgdy to improve or to
decrease, was performed with conventional echongiraiphy and was
confirmed by the analysis of other important paramse commonly

employed (Troponin | peak, WMSI, ESV).

35



First of all, patients of group 0O, in those we alisd an improvement
of left ventricular ejection fraction and a redoatiof ventricular
volumes, were treated with primary PCI of the “citlpesion”. This

event can be explained with a greater effectivenégsimary PCI to
preserve or to provide a further recovery of lefntricular volumes
(especially end-systolic volume) and ejection fact

At t0 ESV and EF values significantly differ betwegroup 0 and
group 1, but they showed a following inverse tirerse.

In group 0, ESV and EF, at t0, were respectiveiyhbr and lower
than in group 1. These values inverted at t2; E2¥ lower in group
0 than in group 1, while EF was significantly higihegroup O.

The results of this study agree with other studregshose major
predictors of adverse cardiovascular events afteteamyocardial
infarction were end-systolic area and global systhinction of the
left ventriclé?,

The same data are confirmed by the analisys of WMIShows, since
t0 to t2, an important reduction in group O and ignfscant

improvement in group 1.
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The original side of the study is the possibility analyze the intra-
parietal segmental function of left ventricle witie semi-automatic
approach. It expresses the deformability of evalll@degment (strain)
and its rate of deformability (strain rate).

These parameters, calculated at the three evaluaties, are very
interesting, because they are relatively independeteft ventricular
pre-load and after-load; moreover they are independf rotation and
translation movements of the heart.

Furthermore “Diogene” provides to evaluate regiareformability of
left ventricular walls, with the aim to identifydsaemic areas and to
analyze residual function.

Semiautomatic evaluation of intra-myocardial fuotiof the left
ventricular four areas shows as following:

1- First infarcted area: in both described groupsoacillating but
substantially stable course of the variables isenkesl. In group 1
actually inferior values are recorded, with refeento the
deformability of the segment, regarding group Oe #train peak

clearly reduces.
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2- Second infarcted area (close to zone 1): os¢ differentiation in

the behaviour of the two groups is observed. Inghmup O strain
values, strain rate, E and A peak are maintainablestin the time,
while peak S, index of velocity of the movementhwofocardial fibers
in systolic phase, increases meaningfully, indigatia possible
improvement of the functionality of such segmenfuiher reduction
of peak S and E in the group 1 is observed, thexefo further
worsening of the systolic and active diastolic fimt of the

myocardium, that it could suggest an extensiorhefihfarcted zone.
3- Peri-infarcted area: in both groups an improveneé the indices of
intramyocardical function with increase of strastrain rate and S
peak, even if more emphasized in group 1. This appg

contradiction is imputable to the selection procedaf the surveying
zones; perinfarctual zones have been chosen in patiets of group
0 that seem to worse ventricular function and, h@wrealso in the
other zones EF, between t0 and t2, turns out mfarcomparison the
correspondent value in group 1. However an impramenclearly

comes true, with trend to normalization, of thestbéic phase in

group 0, while in group 1 it remains altered.
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4- “Healthy” area: also in these myocardial segmsenbt interested
from the ischemic event, the tendency to improvameh the

deformability and systolic velocity in group O i®served, while in
group 1 is recorded a substantial stability.

The more interesting potentiality of the employmefitautomatic
techniques is, by far, the possibility to refertb@ results of strain
analyses, executed at t0, as predictive indices ventricular

remodelling six days after the acute event.

Such possibility is the consequence of the existmgelation between
the peak values of strain in the first infarctuabion, where the
regional EF maintained less than 35%, and the sadfi&F to t2 and
those of the end-systolic volume always to t2.

These considerations allow to employ the indicesti@in to evaluate,
already beginning at t0, patient’s probability te-enter in the
categories to greater risk of development of cooagilbns of AMI,

suggesting a more aimed clinical monitoring andrapy.

Another important aspect is the meaningful corretabetween the

parameters of left ventricular function and peakues of troponin |,
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CK-Mb and WMSI, that constitute important and wadmonstrated
prognostic indice$>?%4344

Peak values of troponin | and CK-Mb show a meanihgbrrelation
with the values of strain peak in the first infated area at t2 and the

peak of strain rate in the second infarctuated ar¢2.

Limits of the semiautomatic method

Such method, being strongly innovative but withgomous scientific
background, is influenced by the lack of one d#fiai validation
according to standard techniques (ventriculograghying cardiac
catheterism, nuclear magnetic resonance).

Like all the techniques of automatic survey of #rm&locardic edge,
also the technigue we propose depends from thesacaeflectivity
of the subject.

At last the method is an off-line operation, thatrthnds more time in
comparison to an ultrasound scan routinely execttethg the stay in

hospital.
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CONCLUSIONS

In this study a serial quantitative appraisal @& tihole and regional
left ventricular function has been executed in anomatic way
through the employment of the “Diogenes” prograbata obtained
from elaborations have been punctually comparedh witose

corrispective ones obtained from an expert operaiormeans of
conventional echordiographic techniques. The r#iigbof results

elaborated from Diogenes is demonstrated from hegisting

correlation indices between the parameters olvkfitricular function,
calculated in semiautomatic modality and estimabgd operator.
According to the above-exposed data, “Diogene” moygcould be
used to reduce the variability of measures, maimlgutable to the
operator experience.

Obviously, our observations need further validatiom large-size

population.
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Moreover, to confirm prognostic results, it woulé bf interest to
extend study validity increasing over time analysisnber after one,

six months and one year after AMI.
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ABBREVIATIONS

SAP: systolic arterial pressure

DAP: diastolic arterial pressure

EDD: left ventricular end-diastolic diameter

ESD: left ventricular end-systolic diameter

EDV: left ventricular end-diastolic volume

ESV: left ventricular end-systolic volume

EF: left ventricular ejection fraction

EDVi: left ventricular end-diastolic volume indexéat body surface
ESVi: left ventricular end-systolic volume indexid body surface
FS= fractional shortening

IVSDD: inter-ventricular septum diastolic diameter

IVSSD: inter-ventricular septum systolic diameter

PWDD: posterior wall diastolic diameter

PWSD: posterior wall systolic diameter
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LVM: left ventricular mass

LVMbs: left ventricular mass indexed for body seda

SV: stroke volume

HR: heart rate

IVRT: isovolumetric relaxation time

TOTDIAST: total diastolic time

EDVc: left ventricular end-diastolic volume calcdd with “Diogene”
ESVc: left ventricular end-systolic volume calcelhtwith “Diogene”
EFc: left ventricular ejection fraction calculatedh “Diogene”

WMSI: wall motion score index
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TABLES

Table 1: clinical and biochemical parameters.

Group O Group 1
Mean SD Mean SD p<0.05
SAPO 127.5 26.19 127.78 31.83 ns
SAP1 113.13 10.64 109.67 19.49 ns
SAP2 110 9.64 108.33 24.75 ns
DAPO 75 19.46 70 15.71 ns
DAP1 70 8.45 65.11 15.78 ns
DAP2 64.38 12.08 66.11 12.44 ns
Trop | peak 47.15 36.1 85.91 25.04 0.025
Miogl peak 1887.69| 1716.78  1669.8f  1242.31 ns
CKmbpeak 179.33 101.43 266.61 81.18 ns
HR 69.38 10.32 72.33 14.12 ns
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Table 2: conventional echocardiographic parameters.

Group O Group 1
Mean SD Mean SD p<0.05
EDVO 98.5 22.63 85.03 17.18 ns
EDV1 92.81 26.18 87.1 12.53 ns
EDV2 90.75 21.01 92.33 15.48 ns
ESVO 51.75 9.79 38.78 10.37 0.018
ESV1 45.13 13.97 44.11 7.69 ns
ESV2 41.38 10 47.22 7.41 ns
EFO 46.88 4.26 54 6.48 0.017
EF1 50.75 6.61 49.06 6.88 ns
EF2 54.38 5.85 49.11 2.57 0.042
EDViO 52.19 6.78 46.26 7.12 ns
EDVil 49.15 9.49 47.7 6.45 ns
EDVi2 48.4 7.89 50.26 5.74 ns
ESVi0 27.59 3.64 21.06 4.97 ns
ESVil 24.03 6.37 24.28 4.91 ns
ESVi2 22.25 4.9 25.77 3.27 ns
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Table 3: intra-group analysis of conventional echardiographic

parameters.
Group O Group 1
p 0-1 1-2 0-2 | glob| 0-1 1-2 0-2 glob
EDV | 0.05 ns 0.04| 0.04 ns ns 0.04  0.04
ESV | 0.05 ns 0.04| 0.05 ns ns 0.01 0.01
EF ns ns 0.01| 0.01] 0.05 ns 0.04 0.04
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Table 4: conventional echocardiographic performed &t0.

Group O Group 1

Mean SD Mean SD | p<0.05
EDD 5.15 0.54 5.52 0.39 ns
ESD 3.56 0.64 3.65 0.37 ns
FS 31.03 9.11 35.1 5.19 ns
IVSSD 1.31 0.14 1.29 0.19 ns
IVSDD 1.04 0.25 0.97 0.16 ns
PWSD 1.44 0.32 1.4 0.18 ns
PWDD 0.98 0.12 0.93 0.12 ns
LVMbs 126.31 44.7 131.02 28.89 ns
SV 73.3 22.5 92.27 15.78 ns

E peak 0.68 0.15 0.65 0.11 ns
A peak 0.71 0.17 0.8 0.17 ns
E/A ratio 0.99 0.33 0.84 0.24 ns
IVRT 74.25 16.61 62.89 19.81 ns
TOTDIAST 443.25 111.21 419.11 75.34 ns
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Table 5:

left wventricular systolic function calculded with

“Diogene”.
Group O Group 1

Mean SD Mean SD p<0.05
EDVcO 94.72 22.9 85.74 15.4 ns
EDVcl 92.88 19.87 82.84 19.05 ns
EDVc2 96.4 11.86 100.86 19.8 ns
ESVcO 61.23 16.21 49.55 10.65 ns
ESvcl 55.98 13.76 56.68 14.22 ns
ESvVc2 54.4 6.9 60.28 11.99 ns
EFcO 35.75 6.9 42.38 5.83 0.05
EFcl 40.38 8.43 40.38 5.29 ns
EFc2 43.75 7.55 36.13 4.19 0.04
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Table 6: intra-group analysis of left ventricular gystolic function

calculated with “Diogene”.

Group O Group 1
p 0-1 1-2 0-2 | glob| 0-1 1-2 0-2 glob
EDV ns ns ns ns ns 0.05 ns 0.05
ESV ns ns 0.05 0.05 ns ns 0.0‘5 0.05
EF ns ns 0.03 0.03 ns ns 0.0‘5 0.05
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Table 7: wall motion score index.

Group O Group 1
Mean SD Mean SD p<0.05
WMSIO 1.64 0.23 1.55 0.15 ns
WMSI1 1.63 0.24 1.56 0.16 ns
WMSI2 1.53 0.24 1.62 0.27 ns
Table 8: intra-group analysis of WMSI.
Group O Group 1
p 0-1 1-2 0-2 | glob| 0-1 1-2 0-2 glob
WMSI | ns 0.05| 0.01| 0.02 ns 0.05 0.0 0.0
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Table 9: intra-myocardial function parameters calcdated with

“Diogene” of the first infarcted area.

Group O Group 1

Mean SD Mean SD | p<0.05

Strain peak 0 -12.2 7.88 -16.9 8.93 ns
Strain peak 1 -16.99 8.21 -7.54 6.14 ns
Strain peak 2 -18.55 9.07 -8.74 7.37 ns
Strain rate O 0.64 0.27 0.71 0.54 ns
Strain rate 1 0.83 0.79 0.55 0.62 ns
Strain rate 2 0.51 0.49 0.37 0.22 ns
S peak 0 1.87 1.45 1.37 1.33 ns

S peak 1 1.67 1.59 1.01 1.05 ns

S peak 2 1.44 1.39 1.06 1.64 ns

E peak O -1.59 1.19 -0.64 0.68 ns

E peak 1 -0.7 0.76 -0.69 0.76 ns

E peak 2 -0.78 2 -0.72 0.91 ns

A peak 0 -1.82 144 -2 2.95 ns
A peak 1 -1.28 1.29 -0.87 1.06 ns
A peak 2 -2.14 3.1 -2.44 2.97 ns
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Table 10: intra-group analysis of intra-myocardial function

parameters calculated with “Diogene” of the first hfarcted area.

Group O Group 1
p 0-1 1-2 0-2 | glob| 0-1 1-2 0-2 glob
S.peak ns ns ns ns 0.0 ns 0.05 0.04
S.rate ns ns ns ns ns ng 0.05 0.05
Speak ns ns 0.04 0.04 0.0 ns 0.05 0.05
Epeak| 0.01 ns 0.01 0.01 ns ng ns ns
Apeak ns ns ns ns ns ns ns ns
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Table 11: intra-myocardial function parameters calalated with

“Diogene” of the second infarcted area.

Group O Group 1

Mean SD Mean SD | p<0.05

Strain peak 0 -20.9 7.77 -19.05 4.35 ns
Strain peak 1 -20.1 9.85 -16.4 6.08 ns
Strain peak 2 -19.27 6.18 -17.36 4.48 ns
Strain rate O 0.76 0.63 0.58 0.55 ns
Strain rate 1 0.93 0.49 0.62 0.36 ns
Strain rate 2 0.89 1.12 0.89 0.88 ns
S peak 0 1.46 1.47 2.05 1.99 ns

S peak 1 2.31 1.57 1.78 1.45 ns

S peak 2 2.42 2.23 1.17 1.39 ns

E peak O -1.99 2.14 -2.32 1.57 ns

E peak 1 -1.67 1.03 -0.76 0.98 ns

E peak 2 -1.29 1.32 -0.58 1.29 ns

A peak 0 -2.95 3.49 -3.21 3.45 ns
A peak 1 -2.24 1.87 -2.26 2.52 ns
A peak 2 -1.3 1.24 -1.46 1.35 ns
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Table 12: intra-group analysis of intra-myocardial function

parameters calculated with “Diogene” of the secondnfarcted

area.
Group O Group 1

p 0-1 1-2 0-2 glob 0-1 1-2 0-2 glob
S.peak ns ns ns ns ns ns ns ns
S.rate ns ns ns ns ns ns ns ns
Speak| 0.05 ns 0.05 0.0% ns 0.G 0.05 0,05
Epeak ns ns ns ns 0.01 NS 0.04 0.04
Apeak ns ns ns ns ns ns ns ns
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Table 13: intra-myocardial function parameters calculated with

“Diogene” of the peri-infarcted area.

Group O Group 1

Mean SD Mean SD | p<0.05

Strain peak 0 -18.21 13.49 -15.07 11.35 ns
Strain peak 1 -16.04 10.01 -14.7 6.38 ns
Strain peak 2 -21.25 4.26 -25.58 13.63 ns
Strain rate 0 0.56 0.23 0.88 0.5 ns
Strain rate 1 0.55 0.4 1.13 1.02 ns
Strain rate 2 0.95 0.55 1.35 0.98 ns
S peak 0 2.12 1.67 1.78 0.93 ns
S peak 1 1.89 1.35 2.24 1.39 ns

S peak 2 2.19 0.97 241 0.6 ns

E peak O -1.43 1.23 -2.19 1.6 ns

E peak 1 -1.58 1.21 -1.1 0.97 ns

E peak 2 -1.77 1.48 -1.96 1.33 ns
A peak 0 -2.16 2.09 -2.31 1.28 ns
A peak 1 -2.33 1.84 -1.76 2.19 ns
A peak 2 -1.28 0.96 -1.96 1.27 ns
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Table 14:. intra-group analysis of intra-myocardial function

parameters calculated with “Diogene” of the peri-ifarcted area.

Group O Group 1
p 0-1 1-2 0-2 glob 0-1 1-2 0-2 glob
S.peak ns ns 0.05 0.0% ns 0.0 0.02 0,03
S.rate ns 0.05 0.05 0.0% 0.0 ns 0.05 0.05
Speak ns 0.05 ns 0.0% ns ns 0.05 0.05
Epeak ns ns 0.05 0.09 0.0 0.0 ns 0.05
Apeak ns 0.02 ns 0.02 ns ns ns ns
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Table 15: intra-myocardial function parameters calalated with

“Diogene” of the “healthy” area.

Group O Group 1

Mean SD Mean SD | p<0.05

Strain peak 0 -14.28 9.54 -19.48 10.41 ns
Strain peak 1 -25.43 7.75 -19.23 11.2 ns
Strain peak 2 -21.04 6.63 -28.66 16.8 ns
Strain rate O 0.91 0.99 1.04 1.49 ns
Strain rate 1 1.34 1.11 1.06 1.03 ns
Strain rate 2 1.01 0.48 0.91 0.64 ns
S peak 0 2.39 0.71 2.99 0.88 ns

S peak 1 3.37 1.81 3.15 1.61 ns

S peak 2 3.38 1.27 3.87 2.2 ns

E peak O -2.16 1.49 -2.24 0.95 ns

E peak 1 -2.09 0.9 -2.01 1.62 ns

E peak 2 -1.93 1.43 -2.99 2.52 ns

A peak 0 -2.96 1.79 -4.03 3.6 ns
A peak 1 -3.9 1.77 -2.35 1.52 ns

A peak 2 -4.51 2.44 -2.86 1.89 ns

58




Table 16: intra-group analysis of intra-myocardial function

parameters calculated with “Diogene” of the “healtty” area.

Group O Group 1
p 0-1 1-2 0-2 | glob| O0-1 1-2 0-2 glob
S.peak| 0.05 ns 0.05 0.0% ns ns ns ns
S.rate ns ns ns ns ns ns ns ns
Speak| 0.05 ns 0.05 0.0% ns ns ns ns
Epeak ns ns ns ns ns ns ns ns
Apeak ns ns ns ns ns ns ns ns
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