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Introduction and objectives. After a myocardial infarc-
tion, damage to the microcirculation indicates a worse
prognosis. We compared the usefulness of the quantitati-
ve analysis of myocardial contrast echocardiography with
intravenous injection of contrast (MCE-iv) with intracoro-
nary injection (MCE-ic) for analyzing coronary perfusion.

Patients and method. We studied 42 patients with a
first ST-elevation myocardial infarction, single-vessel di-
sease and a patent artery (TIMI 3, stenosis <50%). Myo-
cardial perfusion in segments in the infarct-related area
was quantified (normalized scale 0-1) with MCE-ic (bolus
of Levovist, real-time imaging, perfusion considered nor-
mal if >0.75) and MCE-iv (perfusion of SonoVue, single-
image capture in 1 out of each 6 cycles with trigger set at
end-systole, perfusion considered normal if >0.9). Perfu-
sion was considered abnormal if 2 or more segments
showed altered perfusion.

Results. Quantification with MCE-iv took 5+1 minutes.
No side effects were observed. MCE-ic was normal in 141
segments (80%) out of 176 segments included in the in-
farcted area, whereas 35 segments (20%) showed abnor-
mal perfusion. MCE-ic was normal in 31 patients (74%)
and was altered in 11 cases (26%). Normal perfusion with
MCE-iv had a sensitivity of 91%, a specificity of 84%, and
a kappa index of 0.67 for predicting normal perfusion with
MCE-ic (r=0.86; P<.0001 between the 2 techniques).

Conclusions. In comparison with MCE-ic, quantitative
analysis of single images captured during intravenous
perfusion of contrast is an easy, rapid and valid method
for analyzing postinfarction coronary perfusion.
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Estudio de la perfusion coronaria postinfarto
mediante analisis cuantitativo de la ecocardiografia
miocardica con inyeccion de contraste por via
intravenosa

Introduccion y objetivos. Tras un infarto de miocardio
el dafo en la microcirculacién indica un peor prondstico.
Investigamos la utilidad del estudio cuantitativo de la eco-
grafia miocardica con inyeccién de contraste por via intra-
venosa (EMC-i.v.) para analizar la perfusién coronaria en
comparacion con la inyeccion intracoronaria (EMC-i.c.).

Pacientes y método. Estudiamos a 42 pacientes con
un primer infarto con elevacién del segmento ST, enfer-
medad de un vaso y arteria abierta (TIMI 3, estenosis <
50%). La perfusion miocardica de los segmentos del area
del infarto se cuantificd (escala normalizada 0-1) con
EMC-i.c. (bolo de Levovist, tiempo real, perfusién normal
si > 0,75) y EMC-i.v. (perfusién de SonoVue, imagenes
unicas capturando 1 de cada 6 ciclos con trigger en tele-
sistole, perfusién normal si > 0,9). Se considerd que un
paciente tenia perfusion alterada si 2 o0 mas segmentos
estaban afectados.

Resultados. La cuantificacion de EMC-i.v. se realizé
en 5 + 1 min. No se detectaron efectos secundarios. De
los 176 segmentos del area infartada, 141 (80%) presen-
taron una EMC-i.c. normal y 35 (20%), alterada. Por pa-
cientes, la EMC-i.c. fue normal en 31 (74%) casos y esta-
ba afectada en 11 (26%). Una perfusidon normal con
EMC-i.v. mostré una sensibilidad del 91%, una especifici-
dad del 84% y un indice kappa del 0,67 para predecir una
perfusion normal con EMC-i.c. (r = 0,86; p < 0,0001 entre
ambas técnicas).

Conclusiones. Un andlisis cuantitativo de imagenes
unicas capturadas durante una perfusion intravenosa de
contraste es un método sencillo, rapido y valido para el
analisis de la perfusion coronaria postinfarto al comparar-
lo con EMC-i.c.

Palabras clave: Perfusion. Ecocardiografia. Infarto de mio-
cardio.
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ABBREVIATIONS

ic-MCE: myocardial contrast echocardiography
with intracoronary contrast injection.

iv-MCE: myocardial contrast echocardiography
with intravenous contrast injection.

INTRODUCTION

Therapy for acute myocardial infarction is focused
on opening the thrombotic occlusion in the epicardial
coronary artery.'* However, it has been demonstrated
that even when angiography suggests favorable resto-
ration of perfusion, the microcirculation remains affec-
ted in a considerable percentage (approximately one-
third) of patients.*® This “no-reflow” phenomenon is
multifactorial and has been related to a poor progno-
sis.” 16

In patients with apparently normal angiography the
microcirculation can be reliably studied by using myo-
cardial echocardiography with intracoronary injection
of contrast medium (ic-MCE).*!” However, this tech-
nique is invasive. Analysis by myocardial echocardio-
graphy with intravenous contrast injection (iv-MCE)
has been presented as a potentially useful technique
for the study of coronary perfusion. Advances in echo-
cardiographic equipment, contrast material, and mea-
surement techniques have increased the reliability of
this method.'8-26

In the present study we assess the usefulness of
quantitative iv-MCE analysis for evaluating coronary
perfusion in the infarction area in patients with single-
vessel disease and a patent artery, using ic-MCE as the
reference method for such comparison.

PATIENTS AND METHOD
Study Group

We studied 42 patients with a first episode of ST-
segment elevation acute myocardial infarction (typical
chest pain lasting more than 30 min with ST segment
elevation of >1 mm at 80 ms from the J point in more
than one lead that did not normalize with nitroglyce-
rin, and elevated markers of cardiac injury) treated
with thrombolysis within the first six hours after the
onset of the clinical symptoms. The Ethics Committee
of our institution approved the study, and all patients
gave consent to participate.

The exclusion criteria were a known history of heart
disease (ischemic or other), significant involvement of
an artery other than the one causing the infarction
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(>50% stenotic lesion on coronary angiography), non-
patent infarction-related artery following the pre-dis-
charge cardiac catheterization, or presence of a poor
echocardiographic window.

Cardiac Catheterization

Pre-discharge cardiac catheterization (5+2 days pos-
tinfarction) using a femoral approach was performed
at least 48 h after the infarction. In cases in which the
infarct-related artery was occluded or showed >50%
stenosis, revascularization with stent implantation per-
formed (n=35, 83%). The vessel causing the infarction
was the left anterior descending artery in 25 cases and
the right coronary artery in 17. Following angioplasty
(or the diagnostic study in cases of non-significant ste-
nosis), all the patients had a patent culprit artery
(<50% residual stenosis and TIMI 3 flow). Quantifica-
tion of residual stenosis, TIMI flow and ejection frac-
tion was done by an independent laboratory (ICICOR,
Instituto de Ciencias del Corazoén, Valladolid, Spain).

Myocardial Echocardiography
With Intracoronary Contrast Injection

After assessing the degree of angiographic perfu-
sion, ic-MCE was undertaken according to the pre-
viously established protocol used in our coronary cat-
heterization unit.!” Briefly, a 1-mL intracoronary bolus
of Levovist (Schering AG, Germany) followed by 5
mL of saline solution was administered through the
catheter in the culprit artery, using apical 2- and 4-
chamber views. When the results for any segment
were inconclusive, a second bolus was administe-
red. Initially, a division into 17 segments was contem-
plated”’; however, for the purposes of the study and
with the aim of analyzing the same segments with ic-
MCE and iv-MCE, only the 13 segments from the api-
cal 2- and 4-chamber views were assessed.

Real-time studies with second harmonic imaging
were done with a Ving Med 750 echocardiograph (Ge-
neral Electric, USA). Settings for gain, depth, and
compression were held constant. The images were re-
corded on a Super VHS video recorder and digitally
captured for the analysis.

The perfusion observed in the echocardiographic
images was measured with the ICARO software (In-
traCoronary and Magnetic Resonance Observation,
Grupo de Bioingenieria, Electrénica y Telemedicina,
Universidad Politécnica de Valencia, Valencia, Spain)
developed with a software package specifically desig-
ned for image treatment and quantification: MATLAB
6.5 (The Mathworks Inc., Natick, Massachusetts,
USA).2 The region of interest (matrix of 4x4 pixels)
was placed in the center of each segment correspon-
ding to the infarction area. We used this relatively
small matrix to avoid erroneous detection of other
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areas as regions of interest, e.g. the chamber, external
area of the myocardium or areas pertaining to neigh-
boring segments, since this would have produced equi-
vocal effects in the final quantification.

A normalized scale was used in both the ic-MCE
and iv-MCE quantification studies in order to obtain
perfusion values that were comparable between the
different segments and patients, and to avoid the inhe-
rent non-linear relationship between the video inten-
sity and the acoustic signal. In each segment the base-
line video intensity was subtracted, and the value
obtained was normalized by the range of intensity
(peak intensity-baseline intensity) found in a segment
with preserved contractility (in all cases resulting in a
normalized, unitless value of 0 to 1). Perfusion was
considered to be normal in segments with a norma-
lized intensity >0.75. In the analysis by patients, cases
with 2 or more hypoperfused segments (<0.75) were
considered to have abnormal perfusion. Lastly, we cal-
culated the mean perfusion value of the infarcted re-
gion (sum of the intensities of all segments divided by
the number of segments quantified).

Ic-MCE quantification was done by an experienced
observer who was unaware of the result assigned in
the other examinations. Interobserver variability for
the existence of normal perfusion was analyzed in 15
patients and the results concurred in 14 studies (va-
riability of 7%). Intraobserver variability in the analy-
sis of perfusion in these 15 patients was 0%.

Contractility was measured in the segments in the
area of infarction (O=normal, 1=hypokinesia, 2=severe
hypokinesia, 3=akinesia, 4=dyskinesia), and the mean
contractility in the affected region was calculated.

Myocardial Echocardiography
With Intravenous Contrast Injection

Intravenous myocardial contrast echocardiography
was performed 8+2 days after the infarction, at least
48 h after cardiac catheterization and the ic-MCE
study. We analyzed the same 13 segments in the apical
2- and 4-chamber views that had been assessed with
ic-MCE. An Agilent Sonos 5500 echocardiograph
(Philips, The Netherlands) was used for the iv-MCE
study and the images were recorded on magneto-optic
disc for subsequent quantification.

A 1.5-mL bolus of SonoVue contrast material (Brac-
co International B.V., The Netherlands) was adminis-
tered intravenously, followed by perfusion of 1
mL/min, adjusted manually to minimize the attenua-
tion. The focus was set at the area of the mitral valve,
except in cases of a suspected apical defect, in which
it was moved toward the apex. Gain settings were op-
timized and were held constant during the study. A
high mechanical index (1.6) was applied using power
angio imaging. Once an optimum, stable level of con-
trast infusion had been attained, electrocardiographic
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triggering was programmed to capture one out of
every 6 cycles at end-systole (300 ms from the R-
wave). The high mechanical index delivered destroyed
the microbubbles. To consider an image valid for the
study, the absence of contrast from the myocardial
wall was confirmed in the image automatically acqui-
red by the equipment following the pulse used for the
perfusion analysis.

The same quantification method employed for ic-
MCE was used. Starting from the best point in the area
under the receiver operator characteristic curve to pre-
dict a normalized intensity >0.75 in the ic-MCE, we
considered that segments showing a normalized inten-
sity >0.9 presented normal perfusion. Patients were
considered to have abnormal perfusion when 2 or
more segments were hypoperfused (<0.9). Lastly, the
mean perfusion in the infarcted area was calculated as
the sum of the intensity of all segments divided by the
number of segments quantified.

Quantification of iv-MCE was performed by an ex-
perienced observer who had no knowledge of the re-
sults assigned for the other examinations. Interobser-
ver variability for the existence of normal perfusion
was analyzed in 15 patients and results concurred in
13 studies (variability, 13%). Intraobserver variability
in these same 15 cases was 7% (results concurred in
14 cases in 2 observations for the same patients made
on different days by the same observer).

Statistical Analysis

Continuous values were expressed as the mean +
standard deviation. Categorical values were expres-
sed as percentages of the study population and com-
pared with the y? test. Ic-MCE was considered to be
the reference technique for normal perfusion. The
area below the receiver operator characteristic curve
was calculated to determine the reliability of iv-MCE
and the best cut-off point to predict normal perfusion
as measured by ic-MCE. We determined the sensiti-
vity (percentage of patients/segments with an abnor-
mal ic-MCE study that presented an abnormal iv-
MCE), specificity (percentage of patients/segments
with a normal ic-MCE that presented a normal iv-
MCE), positive predictive value (percentage of pa-
tients/segments with an abnormal iv-MCE that pre-
sented an abnormal ic-MCE), negative predictive
value (percentage of patients/segments with a normal
iv-MCE that presented a normal ic-MCE),and the
Kappa index. Pearson correlation coefficients
between the perfusion status analyzed by ic-MCE or
iv-MCE (comparison between segments and between
the mean of the infarcted region) were calculated. All
statistical analyses were done with SPSS 9.0 (Chica-
go, Illinois, USA). Significance was set at a P-value
of <.05 in all cases.
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RESULTS

The characteristics of the 42 patients included in the
study group are shown in Table 1.

Analysis by Segments

The mean contractility value for the infarcted region
was 1.7+0.7 and there was at least 1 dysfunctional
segment in all patients (mean 3.6+1.1 dysfunctional
segments per patient).

Ic-MCE adequately assessed 195 of the 210 seg-
ments (5 per patient) corresponding to the infarcted te-
rritories analyzed (93%). The ic-MCE study lengthe-
ned catheterization time by 6%2 min and the
quantification in each case lasted 5+1 min.

Analysis by iv-MCE was done in 546 segments (13
per patient), of which 88 (16%) were not adequately
assessed. There was a higher percentage of non-asses-
sable segments (mainly due to attenuation problems)
in the lateral area (21% of the segments vs 6% in the
other areas; P<.0001). Iv-MCE adequately assessed
186 of the 210 segments (5 per patient) corresponding
to the infarcted territories analyzed (88%). The quanti-
fication lasted 5+1 min in each case.

The results according to analysis by segment were
focused on the 176 segments pertaining to infarcted te-

TABLE 1. Characteristics of the Study Group

Number 42

Clinical
Age, years 55+11
Male 40 (95%)
Hypertension 17 (40%)
Smoker 33 (79%)
Diabetes 4 (10%)
Hypercholesterolemia 14 (33%)
Killip class 1.3£0.6
Anterior infarct 25 (60%)
Inferior infarct 17 (40%)
Thrombolysis 42 (100%)

Catheterization
Pre-angioplasty total occlusion 19 (45%)

Post-angioplasty total occlusion

(
0 (0%)
Pre-angioplasty TIMI 3 19 (

45%)

Post-angioplasty TIMI 3 42 (100%)
Pre-angioplasty residual stenosis 90%=+12%
Post-angioplasty residual stenosis 4%17%
Multivessel disease 0 (0%)

End-systolic pressure, mm Hg 2349

Patients treated with stent 35 (83%)
IIb/11a inhibitors 14 (33%)
Ejection fraction, % 44%+14%
Contrast echocardiography

Patients with normal intracoronary echocontrast

(0-1 segment with perfusion <0.75) 31 (74%)
Patients with normal intravenous echocontrast

(0-1 segment with perfusion <0.9) 27 (64%)
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rritories analyzed adequately by both ic-MCE and iv-
MCE. Perfusion analyzed by ic-MCE was normal in
141 segments (80%) and abnormal in 35 segments
(20%). Perfusion analyzed by iv-MCE was normal in
141 segments (80%) and abnormal in 35 segments
(20%).

Segments with normal iv-MCE findings presented
normal perfusion by ic-MCE in a higher percentage
of cases than those with altered iv-MCE (130/141,
92% vs 11/35, 31%; P<.0001). In the analysis by
segments, the diagnostic precision of iv-MCE to pre-
dict the perfusion status as determined by ic-MCE
was 87.5%. The sensitivity, specificity, predictive va-
lues and area under the curve of iv-MCE to predict
the perfusion status with ic-MCE are shown in Table
2. The Kappa index between ic-MCE and iv-MCE
was 0.55. The Pearson correlation coefficient
between iv-MCE and ic-MCE as continuous varia-
bles was r=0.71; P<.0001.

Analysis by Patients

Normal perfusion by ic-MCE (0-1 segment with ab-
normal perfusion) was observed in 31 (74%) patients,
whereas 11 (26%) showed altered ic-MCE (2 or more
segments with abnormal perfusion).

By iv-MCE, normal perfusion (0-1 segment with al-
tered perfusion) was observed in 27 (64%) patients,
whereas 15 (36%) showed abnormal iv-MCE results
(2 or more segments with altered perfusion).

The patients with normal perfusion analysis by iv-
MCE presented a higher percentage of cases with nor-
mal ic-MCE than those with altered iv-MCE (26/27,
96%, vs 5/15, 33%; P<.0001). The diagnostic preci-
sion of iv-MCE to predict the perfusion status with ic-
MCE in the analysis by patients was 85.7%. The sen-
sitivity, specificity, predictive values and area under
the curve of iv-MCE to predict perfusion status with
ic-MCE in the analysis by patients is shown in Table
2. The Kappa index between ic-MCE and iv-MCE in
the analysis by patients was 0.67. There was a close
correlation between mean perfusion in the segments of
the infarcted area as measured by iv-MCE and the
mean perfusion in the same segments as measured by
ic-MCE (r=0.86; P<.0001). This correlation was seen
both in patients with anterior (n=25; r=0.82; P<.0001)
and inferior (n=17; r=0.79; P<.001) infarction.

DISCUSSION

The main finding of this investigation is that a quan-
titative study using iv-MCE is useful for assessing the
status of coronary perfusion in patients with myocar-
dial infarction and a patent culprit artery when compa-
red with a reference technique, in this case ic-MCE.
Quantitative analysis of single images captured during
intravenous contrast perfusion is a simple, fast and va-
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TABLE 2. Comparison Between ic-MCE and iv-MCE for the Detection of Abnormal Perfusion. Analysis

by Segment and by Patient’

Segments (n=176)

Abnormal perfusion = perfusion <0.75 on intracoronary contrast echocardiography

Sensitivity Specificity

Positive Predictive Value

Negative Predictive Value Area Under the Curve

Abnormal iv-MCE (<0.9) 62% 93%

62% 93%

0.84 (0.76-0.92); P<.0001

Patients (n=42)

Abnormal perfusion =2 or more segments with perfusion <0.75 on ic-MCE

Sensitivity Specificity Positive Predictive Value  Negative Predictive Value Area Under the Curve
Abnormal iv-MCE
(2 or more segments
with perfusion <0.9) 91% 84% 67% 96% 0.97 (0.91-1); P<.0001

“ic-MCE indicates myocardial echocardiography with intracoronary contrast injection; iv-MCE, myocardial echocardiography with intravenous contrast injection

lid method for analyzing microcirculation in these pa-
tients.

Myocardial Echocardiography
With Intracoronary Contrast Injection

In keeping with the results of the pioneer study by
Ito et al,* as well as later studies by the same author
and other investigators,*”%!>!4 around one-fourth of
patients (26%) with TIMI 3 flow presented microcir-
culation damage. In the experience of other authors®
and our group,'” ic-MCE has proven to be a safe and
valid technique for the study of microvascular perfu-
sion as well as a key predictor of systolic functional
recovery and ventricular remodeling. Hence, we chose
this technique as the reference method to assess the
usefulness of iv-MCE in the analysis of coronary per-
fusion following myocardial infarction.

Myocardial Echocardiography
With Intravenous Contrast Injection

Microvascular injury following infarction in pa-
tients with an open artery can be detected by angio-
graphic indicators such as myocardial blush and TIMI
frame count,'* or, more accurately, by ic-MCE study.!”
Nevertheless, these methods are invasive, and there is
a need to investigate the information provided by non-
invasive techniques.

The first iv-MCE assessments mainly involved qua-
litative evaluation!®?*212* with not well standardized
study protocols. A reliable assessment of iv-MCE re-
quires a quantitative analysis.'®?>2 The current study
protocols can be generally summarized into 2 models:

1. Analysis of myocardial flow.!*?26 Qualitative es-
timation of myocardial flow can be done by using eit-
her a high mechanical index with gradual increases in
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the intervals between the pulses (multi-triggering) or a
low mechanical index in real time (product of plateau
video intensity and slope of contrast velocity). This is
a valid method, but acquisition and quantification of
the data is technically demanding and costly.

2. Analysis of single images captured during intra-
venous contrast perfusion.!'®!:2021.2 Uging a high me-
chanical index with trigger setting in end-diastole, an
image is captured in one out of every 4 or 6 cycles
(sufficient time to restore the contrast plateau after the
microbubbles are destroyed by the previous pulse) and
perfusion in each segment is analyzed in a single ima-
ge. This method has been used to perform semiquanti-
tative analyses and a correlation with myocardial flow
has not been demonstrated.

Because of its relative simplicity, we used the se-
cond method described, and investigated the correla-
tion of quantitative perfusion analysis between iv-
MCE and ic-MCE. In most cases, the quality of the
images was excellent (Figure), the measurement was
fast (mean, 5 min) and the correlation with the referen-
ce method (ic-MCE) was very good. In the analysis by
segments as well as by patients, the negative predicti-
ve value was very high (normal perfusion on iv-MCE
almost guaranteed normal perfusion on ic-MCE) but
the positive predictive value was moderate; there were
cases in which iv-MCE indicated a perfusion defect,
whereas ic-MCE showed preserved perfusion, in all li-
kelihood because of attenuation problems, insufficient
contrast arrival, or deficiencies inherent to the techni-
que. The correlation in the analysis by patients was
closer than the analysis by segments, perhaps because
the overall analysis of perfusion of a territory is more
reliable than that of a separate segment. Lastly, we
should point out a problem in image quality that impe-
ded accurate quantification in 16% of the segments,
which is consistent with the findings of other series,
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particularly for the lateral areas.”® Nevertheless, the
problem related with lateral segments did not affect
our results; since none of the potential participants
with lateral infarction met the inclusion criteria of the
study, all the patients included had anterior or inferior
infarctions.

The use of quantitative methods for iv-MCE analy-
sis is still limited. There are no available concordance
data between iv-MCE and ic-MCE, and most studies
have focused on analyzing the capacity of iv-MCE to
predict systolic recovery following infarction.?>2
Along this line of investigation, we recently observed
that both ic-MCE and iv-MCE are useful techniques
with comparable reliability for predicting the state of
systolic function and the extent of necrosis (as asses-
sed by cardiac magnetic resonance imaging) in the
months following the event.*

Technical Considerations

Considering the different kinetics of the contrast
used, the ic-MCE and iv-MCE studies used different
echocardiographs (due to logistic reasons), contrast
agents and study protocols. The large quantity of mi-
crobubbles reaching the myocardium after injection of
the intracoronary contrast bolus resulted in excellent
real-time and second harmonic images'*!” with ic-
MCE (Figure); hence the use of special perfusion soft-
ware was unnecessary. Our choice of intracoronary
contrast was based on the findings and safety data ob-
tained by other groups®' and was the one which, in our
experience, provided the highest quality images wit-
hout side effects.!”
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Figure 1. Three examples of patients
with anterior infarction. Quantification
of perfusion in the anteroapical seg-
ment was normalized by the anteroba-
sal segment (reference segment, inten-
sity =1). The upper panels show
contrast echocardiography with intra-
coronary injection and the lower panels
show contrast echocardiography with
intravenous injection in the same pa-
tients. In the panels on the left, a seve-
re apical perfusion defect is observed,
in the center panels there is a moderate
apical defect, and in the panels on the
right there is normal apical perfusion.

In contrast, the iv-MCE studies encounter the pro-
blem of a paucity of bubbles reaching the myocardium
and their rapid destruction by the ultrasound pulses.
For this reason continuous contrast perfusion and spe-
cific software is required. We used a late-generation
echocardiograph for these studies. The choice of the
contrast agent was based on our extensive experience
and excellent results obtained, as well as the fact that
in our learning curve it was the one that provided the
best image quality without side effects.?*3

Limitations

The use of different contrast agents and study proto-
cols for ic-MCE and iv-MCE may have had some in-
fluence on the final results. Progressive improvement
of myocardial perfusion has been reported in some ca-
ses of infarction with a patent artery.'”** Since the iv-
MCE study was delayed respect to the ic-MCE study,
one might speculate that simultaneous performance of
the two techniques might have resulted in a higher
concordance between them.

Clinical Implications

Intravenous myocardial contrast echocardiography
is still in the stage of development and investigation.
However, its routine use in echocardiography units is
becoming more frequent, mainly for diagnosing ische-
mia (in combination with physical and pharmacologi-
cal stress testing) and assessing the microcirculation
following infarction.
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In an optimum scenario for evaluating damage to
the coronary microcirculation, as was the series pre-
sented (patients with a first-ever infarction, single-ves-
sel disease and patent culprit artery), we observed that
iv-MCE is useful for studying coronary perfusion. The
quantification of single images captured during intra-
venous contrast perfusion is a simple, fast and valid
technique when compared with ic-MCE. Normal per-
fusion detected on iv-MCE suggests preserved perfu-
sion with a high probability; nonetheless we found that
false detection of hypoperfusion occurred in one-third
of the patients, probably in relation to attenuation pro-
blems, insufficient entrance of contrast or problems in-
herent to the technique.

While awaiting improvements in the equipment,
contrast agents and study protocols, the method propo-
sed may be of help to echocardiography units for the
study of postinfarction perfusion.

REFERENCES

1. Braunwald E. Reperfusion therapy for acute myocardial infarc-
tion: historical context and future promise. Eur Heart J.
2002;4:E10-E4.

2. Kloner RA. Coronary angioplasty: a treatment option for left ven-
tricular remodeling after myocardial infarction? J Am Coll Car-
diol. 1992;20:314-6.

3. van de Werf F, Baim DS. Reperfusion for ST-segment elevation
myocardial infarction. An overview of current treatment options.
Circulation. 2002;105:2813-6.

4. Tto H, Tomooka T, Sakai N, Yu H, Higashino Y, Fujii K, et al.
Lack of myocardial perfusion immediately after successful
thrombolysis. A predictor of poor recovery of left ventricular
function in anterior myocardial infarction. Circulation. 1992;85:
1699-705.

5. Kim CB, Braunwald E. Potential benefits of late reperfusion of
infarcted myocardium. The open artery hypothesis. Circulation.
1993;88:2426-36.

6. Kaul S, Ito H. Microvasculature in acute myocardial ischemia:
part I. Evolving concepts in pathophysiology, diagnosis and treat-
ment. Circulation. 2004;109:146-9.

7. Rezkalla SH, Kloner RA. No-reflow phenomenon. Circulation.
2002;105:656-62.

8. Iwakura K, Ito H, Kawano S, Shintani Y, Yamamoto K, Kato A,
et al. Predictive factors for development of the no-reflow pheno-
menon in patients with reperfused anterior wall acute myocardial
infarction. J Am Coll Cardiol. 2001;38:472-7.

9. Sakuma T, Hayashi Y, Sumii K, Imazu M, Yamakido M. Predic-
tion of short and intermediate term prognosis of patients with
acute myocardial infarction using myocardial contrast echocar-
diography one day after recanalization. J] Am Coll Cardiol.
1998;32:890-7.

10. Balcells E, Powers ER, Lepper W, Belcik T, Wei K, Ragosta M,
et al. Detection of myocardial viability by contrast echocardio-
graphy in acute infarction predicts recovery of resting function
and contractile reserve. ] Am Coll Cardiol. 2003;41:827-33.

11. Mengozzi G, Rossini R, Palagi C, Musumeci G, Petronio AS,
Limbruno U, et al. Usefulness of intravenous myocardial contrast
echocardiography in the early left ventricular remodeling in acute
myocardial infarction. Am J Cardiol. 2002;90:713-9.

12. Destro G, Marino P, Barbieri E, Zorzi A, Brighetti G, Maines M,
et al. Postinfarctional remodeling: increased dye intensity in the
myocardial risk area after angioplasty of infarct-related coronary

61

17.

18.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

artery is associated with reduction of ventricular volumes. J Am
Coll Cardiol. 2001;37:1239-45.

. Ito H, Iwakura K. Assessing the relation between coronary reflow

and myocardial reflow. Am J Cardiol. 1998;81:8G-12G.

. Henriques JP, Zijlstra F, van’t Hof AW, de Boer MJ, Dambrink

JH, Gosselink M, et al. Angiographic assessment of reperfusion
in acute myocardial infarction by myocardial blush grade. Circu-
lation. 2003;107:2115-9.

. Haager PK, Christott P, Heussen N, Lepper W, Hanrath P, Hoff-

mann R. Prediction of clinical outcome after mechanical revascu-
larization in acute myocardial infarction by markers of myocar-
dial reperfusion. J Am Coll Cardiol. 2003;41:532-8.

. Pomar F, Albero JV, Peris E, Echanove I, Vilar JV, Pérez E, et al.

Valor prondstico de la persistencia del segmento ST elevado des-
pués de una angioplastia primaria realizada con éxito. Rev Esp
Cardiol. 2002;55:816-22.

Bodi V, Sanchis J, Lépez-Lereu MP, Llacer A, Pellicer M, Losa-
da A, et al. Estudio de la perfusién en pacientes postinfarto me-
diante ecografia miocdrdica con inyeccién intracoronaria de con-
traste. Implicaciones y relacion con la angiografia y la resonancia
magnética. Rev Esp Cardiol. 2004;57:20-8.

Marques KMJ, Visser CA. Myocardial contrast echocardiography
in the assessment of pharmacologic intervention of the reperfu-
sion injury. Eur Heart J. 2003;24:19-20.

. Wei K, Jayaweera AR, Firoozan S, Linka A, Skyba DM, Kaul S.

Quantification of myocardial blood flow with ultrasound-induced
destruction of microbubbles administered as a constant venous in-
fusion. Circulation. 1998;97:473-83.

Senior R, Swinburn JM. Incremental value of myocardial contrast
echocardiography for the prediction of recovery of function in
dobutamine nonresponsive myocardium early after myocardial
infarction. Am J Cardiol. 2003;91:397-402.

Swinburn JM, Lahiri A, Senior R. Intravenous myocardial con-
trast echocardiography predicts recovery of dysfunctional myo-
cardium early after acute myocardial infarction. J Am Coll Car-
diol. 2001;38:19-25.

Yano A, Ito H, Iwakura K, Kimura R, Tanaka K, Okamura A, et
al. Myocardial contrast echocardiography with a new calibration
method can estimate myocardial viability in patients with myo-
cardial infarction. ] Am Coll Cardiol. 2004;43:1799-806.

Yu EH, Skyba DM, Leong-Poi H, Sloggett C, Jamorski M, Garg
R, et al. Incremental value of parametric quantitative assess-
ment of myocardial perfusion by triggered Low-Power myocar-
dial contrast echocardiography. J Am Coll Cardiol. 2004;43:
1807-13.

Lindner JR, Sklenar J. Placing faith in numbers: quantification of
perfusion with myocardial contrast echocardiography. J Am Coll
Cardiol. 2004;43:1814-6.

Shimoni S, Frangogiannis NG, Aggeli CJ, Shan K, Verani MS,
Quinones MA, et al. Identification of hibernating myocardium
with quantitative intravenous myocardial contrast echocardio-
graphy. Comparison with dobutamine echocardiography and Tha-
1lium-201 scintigraphy. Circulation. 2003;107:538-44.

Shimoni S, Frangogiannis NG, Aggeli CJ, Shan K, Quinones
MA, Espada R, et al. Microvascular structural correlates of myo-
cardial contrast echocardiography in patients with coronary artery
disease and left ventricular dysfunction. Implications for the as-
sessment of myocardial hibernation. Circulation. 2002;106:950-6.
Cerqueira MD, Weissman NJ, Dilsizian V, Jacobs AK, Kaul S,
Laskey WK, et al. Standardized myocardial segmentation and no-
menclature for tomographic imaging of the heart. Circulation.
2002;105:539-42.

Pellicer M, Bodi V, Losada A, Sanchis J, Yacer A, Bertomeu V,
et al. Usefulness of a quantitative analysis of intravenous myocar-
dial contrast echocardiography to analyse coronary perfusion af-
ter myocardial infarction in patients with an open artery [abs-
tract]. Eur J Echocardiography. 2003;4:15.

Millet J, Bodi V, Morgado JA, Losada A, Sanchis J, Pellicer M,
et al. Desarrollo y validacion del software “P-echum” de cuantifi-
cacién de la perfusién coronaria aplicado a la ecograffa con in-

Rev Esp Cardiol. 2005;58(2):137-44 143



Bodi V, et al. Myocardial Contrast Echocardiography and Post-Infarction Coronary Perfusion

30.

31.

yeccion intravenosa de contraste [abstract]. Rev Esp Cardiol.
2003;56:65.

Bodi V, Sanchis J, Losada A, Lépez-Lereu MP, Garcia D, Pelli-
cer M, et al. Usefulness of quantitative intravenous myocardial
contrast echocardiography to analyze microvasculature perfusion
in patients with a recent myocardial infarction and an open in-
farct-related artery. Comparison with intracoronary myocardial
contrast echocardiography. Eur J Echocardiography. En prensa.
Seggewiss H. Medical therapy versus interventional therapy in
hypertrophic obstructive cardiomyopathy. Curr Control Trials
Cardiovasc Med. 2000;1:115-9.

144 Rev Esp Cardiol. 2005;58(2):137-44

32. Bodi V, Sanchis J, Losada A, Garcia D, Chorro FJ, Bertomeu

33.

V, et al. Quantitative study of microcirculatory damage in pa-
tients with a first myocardial infarction and an open artery.
Comparison between intravenous and intracoronary myocardial
contrast echocardiography [abstract]. Eur Heart J. 2004;
25:229.

Candell J, Pereztol O, Oller G, Llevadot J, Aguadé S, Castell J, et
al. Evolucién de la function sistdlica y de la perfusion miocéardica
valoradas mediante gated-SPECT durante el primer afio después
de un infarto agudo de miocardio. Rev Esp Cardiol. 2003;56:438-
44,

62



