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Background: Myocardial capillary perfusion is a prerequisite of myocellular viability after reperfusion
of acute myocardial infarction. It was hypothesised that the magnitude of myocardial capillary
perfusion, assessed by transmural signal intensity in venous contrast echocardiography as a corollary
of the blood volume of myocardial capillaries, and the amount of viable myocardium, represented by
differential levels of contractile function two weeks after reperfusion, are correlated.

Objectives: To evaluate the role of venous contrast echocardiography for the identification of viable
myocardium in patients with acute myocardial infarction early after successful mechanical reperfusion.
Methods: 60 patients with a first acute myocardial infarction underwent venous contrast echocardio-
graphy several hours after successful mechanical reperfusion (median time interval 190 min.). The relo-
tive transmural videointensity (median (25th, 75th percentiles)) of akinetic segments was determined.
After two weeks, contractile function was re-evaluated at rest and during dobutamine infusion if
segments without functional recovery were present.

Results: Relative videointensity early after reperfusion differed significantly between functional groups
after two weeks: normokinesia (88% (77%, 100%)), hypokinesia (74% (54%, 99%)), and akinesia with
(61% (48%, 76%)) and without contractile reserve (31% (22%, 46%)). Relative videointensity and con-
tractile function were significantly correlated (r = —0.67). The diagnostic accuracy of relative videoin-
tensity > 50% for prediction of contractility of initially akinetic segments at rest or during dobutamine
was 82% (x> = 76.2, p < 0.001).

Conclusions: Early aﬁer successful mechanical reperfusion of acute myocardial infarction, the magni-
tude of capillary perfusion in the perfusion territory of an infarct related artery is correlated with the
amount of viable myocardium. Quantitative venous contrast echocardiography can be used for accu-

myocardial infarction is to restore blood flow through the

infarct related artery to limit myocellular necrosis and
ultimately preserve myocardial contractile function, which is
the most powerful predictor of survival after acute myocardial
infarction.' The success of reperfusion, however, is indicated
by perfusion of myocardial capillaries rather than simply pat-
ency of the infarct related artery.” > Myocardial contrast echo-
cardiography can be used to assess myocardial capillary
perfusion.'® The signal from the myocardium following an
intravenous injection of microbubbles has been shown to be a
corollary of the blood volume of myocardial capillaries and
thus functional capillary integrity.” Identification of viable
myocardium after reperfusion following acute myocardial inf-
arction, through contrast enhancement after intracoronary
injection of microbubbles, was, however, limited in most stud-
ies by low specificity for the binary prediction of recovery of
resting contractile function.” We expected that the more
physiological intramyocardial distribution of the contrast
agent after venous administration would result in a precise
image of differential degrees of myocardial microvascular
damage. We therefore hypothesised that measuring the trans-
mural contrast signal from the myocardium would correlate
with the extent of myocardial viability and functional recovery
after mechanical reperfusion of acute myocardial infarction.
Since endocardial necrosis may not be associated with recov-
ery of resting contractile function,' we assessed myocardial
viability by measuring contractile function during dob-

The aim of mechanical reperfusion in patients with acute
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rate identification of viable myocardium.

utamine infusion in patients without functional recovery.
Furthermore, because reactive hyperaemia may mask the
degree of capillary damage immediately after reperfusion," we
measured contrast intensity several hours following reper-
fusion when the hyperaemic response had abated.

METHODS

Patient population

This prospective study enrolled patients with first acute
myocardial infarction admitted to the hospital within 24 hours
after onset of chest pain. Acute myocardial infarction was diag-
nosed in the presence of two of the following criteria: typical
anginal chest pain lasting = 20 minutes; presumed new ST
elevation of = 0.1 mV in two or more contiguous limb ECG
leads or = 0.2 mV in two or more contiguous precordial leads;
and increased creatine kinase to two or more times the upper
reference limit with a concomitant rise in creatine kinase MB
isoenzyme. Exclusion criteria were inability to give informed
consent, cardiogenic shock, and inadequate echocardiographic
window for assessment of wall thickening in any segment of the
apical four and two chamber views. All patients underwent
successful mechanical reperfusion, which was defined as the
presence of TIMI (thrombolysis in myocardial infarction) grade
3 flow immediately and two weeks after the intervention.

Study protocol
Two dimensional and venous myocardial contrast echocardio-
graphy were performed approximately three hours after
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Table 1 Patient characteristics

Age, median years (25th, 75th centiles) 58 (51, 64)
Women, n (%) 9(15)
Mechanical reperfusion, n (%)
Stent 46 (77)
Percutaneous transluminal coronary angioplasty 14 (23)
Time from symptom onset to reperfusion, median 8 (3, 17)

hours (25th, 75th centiles)
Peak creatine kinase, median IU (25th, 75th centiles) 825 (426, 1410)
Infarct related artery, n (%)

Left anterior descending coronary artery 29 (48)

Right coronary artery 25 (42)

Left circumflex coronary artery 6(10)
Multivessel disease, n (%) 36 (60)
Q wave infarction, n (%) 49 (82)
Arterial hypertension, n (%) 34 (57)
Hypercholesterolaemia, n (%) 39 (65)
Diabetes mellitus, n (%) 10(17)
Smoking, n (%) 39 (65)
B Blocker medication at follow up, n (%) 57 (95)

mechanical reperfusion (median (25th, 75th centiles) 190
minutes (160 minutes, 242 minutes)). At follow up after two
weeks, coronary angiography and both echocardiographic
studies were repeated. Patients with akinetic segments at fol-
low up underwent dobutamine stress echocardiography. The
study protocol was approved by our institutional review board
and patients gave written informed consent.

Venous myocardial contrast echocardiography

Three milliliters of Optison (Mallinckrodt Medical Imaging,
Dublin, Ireland ) was diluted with 27 ml 0.9% sodium chloride.
A volumetric pump (Perfusor fm, Braun Melsungen, Melsun-
gen, Germany) was used for intravenous infusion at 200 ml/h
and adequate mixing of the solution was maintained by care-
ful shaking of the pump. A phased array echocardiographic
system (Sonos 5500, Agilent Technologies, Palo Alto, Califor-
nia, USA) was used. Harmonic (1.8/3.6 MHz) and intermit-
tent imaging (every seventh cardiac cycle, ECG triggered to
end systole) were applied.”” "’ The maximum power output and
dynamic range of the system (60 dB) were used and the most
linear postprocessing mode (A) was selected. A dual focus was
used and placed in the upper and lower third of the imaging
sector. Overall gains and time gain compensation were
adjusted to minimise myocardial tissue noise but still to allow
myocardial contours to be seen. Machine settings were
adjusted before each study and kept constant throughout.
Imaging was performed using apical four and two chamber
views and all images were recorded on S-VHS videotape. Con-
trast images were digitally processed off line as previously
described.® Mean videointensity was measured in each of the

Early
after reperfusion

Normokinetic segments, n
Hypokinetic segments, n 39
Akinetic segments, n 211

Dyskinetic segments, n
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Segmental wall thickening early after reperfusion and after two weeks at rest and during dobutamine infusion. In seven patients (18
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six segments in the apical four and two chamber views. To
account for differences in echogeneity between patients, the
relative videointensity of a segment was calculated as the ratio
between the videointensity of the segment and the brightest
normokinetic segment of the same view. This parameter has
been recently clinically validated with quantitative radionu-
clide single photon emission computed tomography data.".
Variability of relative videointensity of normokinetic segments
early after reperfusion was 9% (1%, 13%). Intraobserver and
interobserver variability of relative videointensity of segments
were 5% (1.5%, 8.5%) and 7.5% (1.5%, 15%), respectively.
Quantitative venous myocardial contrast echocardiography
was performed by experienced investigators blinded to all
clinical, echocardiographic, and angiographic data.

Two dimensional and dobutamine stress
echocardiography

Tissue harmonic imaging (2.1/4.2 MHz) was used to assess
wall thickening at rest and during dobutamine stress
echocardiography (incremental doses of intravenous dob-
utamine were 5, 10, 20, 30, and 40 g/kg/min at three minute
intervals). Single systoles obtained at rest and before each
dobutamine increment from the apical four and two chamber
views were stored digitally for review in a quad screen format.
The entire study was also continuously recorded on S-VHS
videotape. Wall thickening was assessed by two experienced
readers blinded to clinical, angiographic, and contrast echo
data. In cases of disagreement, the wall motion score was
resolved by consensus of opinion. Each of the same segments
used for videointensity measurements was assigned a score
(1 = normokinesia, 2 = hypokinesia, 3 = akinesia, 4 = dyski-
nesia). Recovery of contractile function of a formerly
dyskinetic or akinetic segment was defined as an improve-
ment to at least hypokinesia at rest. Contractile reserve was
defined as improvement to at least hypokinesia during
dobutamine infusion. Wall motion score index was defined as
the mean score of the 12 segments of a patient.

Statistical analysis

Nominal variables are expressed as counts and percentages.
Differences between groups were assessed with a two sided
test. Continuous variables are presented as median (with the
25th and 75th centiles) and, as appropriate, Kruskal-Wallis
and Mann-Whitney tests were applied for group comparisons.
o Correction using the method of Marcus and colleagues” was
used. Spearman correlation coefficient (r) is given. Sensitivity
and specificity of relative videointensities for prediction of
functional status at the two week follow up was calculated.
Areas under the resulting receiver operator characteristic
curves were compared with the Wilcoxon signed rank test. The
Youden index (sensitivity + specificity — 100%) was derived to
assess the optimal cut off value. Differences between groups

2 week follow up 2 week follow up
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akinetic segments at follow up), dobutamine was not infused for clinical reasons. Thick frame: either recovery of contractile function or presence
of contractile reserve; thin frame: neither recovery of contractile function nor presence of contractile reserve.
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Figure 2 Relative videointensity of akinetic segments early after
reperfusion is significantly different between differential functional
groups as observed at two weeks’ follow up.

were considered significant at p < 0.05. SPSS 10.0 (SPSS Inc,
Chicago, Illinois, USA) was used as the statistical software
package.

RESULTS

Patient characteristics

Seventy four patients were enrolled in the study. In six
patients, inadequate image quality prevented quantification of
contrast echocardiography. Six patients could not be followed
up (one died, three underwent emergency coronary artery
bypass grafting, and two refused to participate). The infarct
related artery did not show TIMI 3 flow at follow up in two
patients. Table 1 lists the demographic, clinical, and angio-
graphic characteristics of the remaining 60 patients. In seven
patients, dobutamine stress echocardiography was not per-
formed at two week follow up for clinical reasons (congestive
heart failure in two, ventricular tachycardia in one, atrial flut-
ter in one, chest pain in one, and by patient request in two).

Relation between relative videointensity early after
reperfusion and differential levels of contractile
function at follow up

The vast majority of myocardial segments (211 of 720) in the
territory of the infarct related artery were akinetic at the time
of postreperfusion echocardiography. Fig 1

summarises
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sequential changes in contractile function of initially akinetic
segments at rest and during dobutamine at the two week fol-
low up.

We specifically looked at the relation between relative
videointensity of initially akinetic segments and contractile
function after two weeks. Relative videointensity was higher
(83% (66%, 99%)) in segments with functional recovery
(normokinesia, n = 39; hypokinesia, n = 63) than in those
that remained akinetic or dyskinetic (relative videointensity
40% (28%, 57%), p < 0.0001). In the functional recovery
group, relative videointensity was significantly different
between segments with recovery to normokinesia and those
with recovery to hypokinesia (88% (77%, 100%) v 74% (54%,
99%), respectively, p < 0.001; fig 2). In segments without
functional recovery, relative videointensity was significantly
higher in those with contractile reserve (n = 33) than in seg-
ments without contractile reserve (n = 58; 61% (48%, 76%) v
31% (22%, 46%), respectively, p < 0.001; fig 2). Relative
videointensity of segments with functional recovery to hypo-
kinesia was significantly higher than that of segments
without functional recovery but with a contractile reserve
present (p < 0.001). Relative videointensity early after reper-
fusion and contractile function at the two week follow up were
significantly correlated (r = —-0.67).

Prediction of segmental contractile function with
contrast echocardiography

Fig 3 depicts examples of differential relative videointensities
within akinetic myocardium of patients early after successful
mechanical reperfusion of a first acute myocardial infarction.
Fig 4A (curve A) depicts the receiver operator characteristic
curve for contrast echocardiographic prediction of myocardial
segments with recovery of resting contractile function
or presence of contractile reserve at the two week
follow up. Curve B depicts the receiver operator characteristic
curve for prediction of recovery of resting contractile
function alone. The curves differ only slightly, albeit
significantly (p < 0.001). Fig 4B shows the Youden
index derived from curve A, which plateaus between 42%
and 62%. In light of intraobserver and interobserver
variabilities of relative myocardial videointensity of 5%
and 7.5%, respectively, a cut off of 50% relative videointensity
for prediction of recovery of contractile function or presence
of contractile reserve by contrast echocardiography was
determined. The power of this criterion for early
discrimination between segments with and those without

Figure 3 Relative videointensilTl of akinetic segments of three patients in the two chamber view early after reperfusion (A) with functional

recovery at rest at two weeks’ fo

low up, (B) without functional recovery at rest but presence of contractile reserve at two weeks’ follow up, and

(C) with neither functional recovery at rest nor presence of contractile reserve at two weeks’ follow up.
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Figure 4 Receiver operator characteristic curves for identification of functional recovery or presence of contractile reserve (curve A) or
functional recovery alone (curve B) by contrast echocardiography. (B) The Youden index (sensitivity + specificity — 100) of different relative

videointensities for the prediction of

contractility at rest or during dobutamine infusion at
two weeks’ follow up is characterised by a x* = 76.2 (df = 1,
p < 0.001). Diagnostic accuracy was 82% (sensitivity 83%,
specificity 81%).

Prediction of recovery of global left ventricular function
with contrast echocardiography

We then compared the wall motion score index of two groups
of patients early after reperfusion and at the two week follow
up: = 50% (group 1, n = 23) and < 50% (group 2, n = 37) of
initially akinetic segments contrast positive (relative videoin-
tensity = 50%). Clinical and angiographic characteristics were
not different between group 1 and 2 except for the presence of
non-Q wave acute myocardial infarction (nine in group 1 v
none in group 2, p < 0.01). Early after reperfusion, the wall
motion score index was not different between group 1 and
group 2 (1.5 (1.3, 1.9) v 1.8 (1.3, 2.0), respectively). At follow
up, the wall motion score index was significantly lower in
group 1 than in group 2 (1.3 (1.1, 1.5) v 1.5 (1.3, 1.8), respec-
tively, p = 0.002). Improvement of the wall motion score index
between early postreperfusion and follow up was significant
only in group 1 (p < 0.0001, fig 5).

Relative videointensity early after reperfusion and at
two weeks’ follow up

No significant difference was found between relative videoin-
tensity early after reperfusion (60% (35%, 87%)) and at two
weeks’ follow up (73% (37%, 91%)).
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Figure 5 Wall motion score index early after reperfusion and at
follow up in patients with = 50% (group 1) and < 50% (group 2)
contrast positive (relative videointensity = 50%) segments of initially
akinetic myocardium.

nctional recovery or presence of contractile reserve at two weeks’ follow up.

DISCUSSION

The present study had two main findings in patients with a
first acute myocardial infarction, early after successful me-
chanical reperfusion once reactive hyperaemia has abated.
Firstly, there is a correlation between the blood volume of myo-
cardial capillaries, as assessed by transmural signal in venous
contrast echocardiography, and the amount of viable myocar-
dium within the perfusion territory of the infarct related
artery. Secondly, quantitative venous contrast echocardio-
graphy can be used early after reperfusion to predict accurately
not only recovery of contractile function at rest but also the
presence of contractile reserve without functional recovery.

Pathophysiology of myocardial perfusion and
contractile function early after reperfusion of acute
myocardial infarction

Structural capillary damage accompanying myocellular
necrosis,' complex cellular interactions including release of
inflammatory and vasoconstrictive mediators from ischaemic
myocardium and blood cells triggering endothelial adhesion
and aggregation of neutrophils’” and platelets," and distal
embolisation of platelet aggregates from the infarct causing
ruptured atherosclerotic plaque'" are thought to contribute to
myocardial “no reflow” after reperfusion of a previously
occluded coronary artery. Measuring reduced blood volume of
myocardial capillaries, associated with “no reflow”, through-
out the thickness of a myocardial segment as in the present
study can account for transmural heterogeneity of these proc-
esses and therefore can accurately quantify capillary perfusion
of a myocardial segment.

The pathophysiology of myocardial contractile function
after mechanical reperfusion in acute myocardial infarction is
heterogeneous and may, in addition to myocardial stunning,
include various amounts of myocardial necrosis or recurrent
ischaemia. Early after reperfusion, conventional echocardio-
graphic measures of contractile function cannot be used to
differentiate the underlying pathophysiology of akinetic myo-
cardium. Later, once stunning has abated, myocardium with
only minor transmural extent of necrosis will show functional
recovery. The persistence of akinesia, however, is not synony-
mous with transmural myocardial necrosis. Evaluation of
myocardial contractile function at rest allows evaluation of
only the inner (endocardial) third of the myocardium: if there
is no or only minor necrosis the myocardium is normokinetic
or hypokinetic but subendocardial necrosis results in
akinesia." Akinesia, therefore, occurs irrespective of the
amount of vital tissue in the mid and epicardial portions of the
myocardium. Although these portions contribute little to con-
traction at rest, they can be recruited to produce contractile
reserve of akinetic myocardium during dobutamine
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stimulation.” The four functional classes differentiated at the
two week follow up in the present study can therefore be
regarded as functional corollaries of differential degrees of
transmural myocardial necrosis.

Contractile reserve of akinetic myocardium is clinically
relevant because it has been shown to protect against
ventricular dilatation and development of heart failure.” Our
data indicate that the continuum between myocardial “no
reflow” and “reflow”, imaged with venous contrast echo-
cardiography and quantified with its transmural signal inten-
sity, gives an estimate of the extent of necrosis in a myocardial
segment as soon as three hours after reperfusion. This result is
in line with the findings of previous animal studies comparing
the extent of myocardial contrast enhancement after venous
contrast injection with myocardial necrosis by using triphe-
nyltetracolium chloride staining.”* With respect to the
relevance of the spatial extent of contrast enhancement for
subsequent recovery of global left ventricular function, our
findings confirm the results of Porter and colleagues™ and
Lepper and associates.” These first two studies of the use of
venous contrast echocardiography in patients after reper-
fusion of acute myocardial infarction used a semiquantitative
score for the assessment of myocardial contrast enhancement
in the risk area 48* and 24 hours” after reperfusion.

Prediction of functional recovery or presence of
contractile reserve with venous contrast
echocardiography early after reperfusion
This is the first study to define a quantitative signal threshold
for the prediction of myocardial contractile function in venous
contrast echocardiography early after mechanical reperfusion
of acute myocardial infarction. Several investigators have
attempted to predict recovery of contractile function early
after reperfusion treatment in acute myocardial infarction
using semiquantitative assessment of myocardial contrast
enhancement with intracoronary injection of microbubbles.
Depending on the strictness of criteria for the positive contrast
effect, sensitivities for prediction of subsequent functional
recovery were found between 66%  and 100%." Specificity,
however, was only between 18%” and 60%’ in most studies. We
found higher diagnostic accuracy of venous contrast echo-
cardiography for prediction of recovery of contractile function
or the presence of contractile reserve after acute myocardial
infarction. This finding cannot be attributed solely to our con-
sideration of contractile reserve, in distinction to previous
studies with intracoronary contrast injection, because our
receiver operator curves using functional recovery alone (fig
4A, curve B) or both variables (curve A) differ only slightly.
Several additional factors may contribute to the improved
diagnostic accuracy. Firstly, intracoronary bolus injection with
a hand held syringe used in previous studies may force
contrast material into the dependent microvasculature. There-
fore, lack of opacification may be observed only in the
myocardium with the most seriously damaged microvessels,
whereas it may still be seen in areas with moderate microvas-
cular damage. Venous infusion, in distinction, may result in
more physiological myocardial distribution of microbubbles
and provide a better representation of differential degrees of
microvascular damage. Secondly, the diagnostic accuracy of
the prediction of functional recovery depends on the
definition of the threshold for positive contrast effect. It is dif-
ficult to quantify the magnitude of the contrast effect after
poorly standardised intracoronary bolus injection of sonicated
radio-opaque dye. Therefore, semiquantitative assessment has
been used in most intracoronary studies. However, defining a
threshold is less accurate with a framework of only a few
scores than with the quantitative approach used in the present
study. Thirdly, myocardial contrast enhancement was evalu-
ated 10-16 minutes after successful reperfusion in previous
intracoronary studies while reactive hyperaemia might have
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been present, likely causing an overestimation of contrast
effect within the infarct bed." Venous contrast echocardio-
graphy was performed later (approximately three hours after
reperfusion) in the present study and relative videointensity
was even slightly higher after two weeks. It is therefore
unlikely that relative videointensity measurements were
affected by reactive hyperaemia. Our data therefore favour a
time interval of approximately three hours between mechani-
cal reperfusion of acute myocardial infarction and contrast
echocardiographic assessment of myocardial viability.
Swinburn and colleagues™ recently reported a sensitivity of
62% of venous contrast echocardiography scores obtained
approximately five days after acute myocardial infarction for
binary prediction of recovery of resting contractile function of
myocardial segments. Apart from differences in methods and
the sole consideration of functional recovery at rest, however,
undefined coronary anatomy at the time of contrast echo-
cardiography and at follow up may have prevented unequivo-
cal interpretation of the association between an early contrast
score and contractile function at follow up in their study.*

Study limitations

Because of anisotropy, heterogeneous beam profile, and
attenuation, the contrast signal intensity of differential
myocardial segments is subject to variability independent of
the volume of myocardial microvasculature (9% (1%, 13%) in
normokinetic segments in the present study), which might
have prevented a closer correlation between relative myocar-
dial videointensity early after reperfusion and the amount of
viable myocardium. A slight divergence of imaging planes
between initial and follow up studies may have attenuated
this correlation as well. Although imaging planes were
carefully chosen, this typical source of inaccuracy of serial
echocardiography cannot be completely eliminated.

Advantages of intermittent harmonic imaging, used in the
present study, are a broad dynamic range and high signal
amplitude caused by microbubble disruption with high
mechanical index imaging. On the other hand, off line image
processing is mandatory because the tissue component of the
harmonic signal is considerable. Recent advances in this tech-
nique including multiple pulse transmission, reduction of
myocardial tissue signal by modified transmit and receive fre-
quencies, and colour coding of raw image data may, however,
obviate the need for time consuming off line processing in the
future. Recently developed autocorrelation based imaging
technology offers alternative echocardiographic modalities
(power Doppler, pulse inversion, or power modulation
technique) for venous contrast echocardiography. Image
analysis is facilitated by on line background subtraction, and
real time venous myocardial contrast echocardiography has
become available. The range of myocardial blood volumes
detectable with these techniques, characterised by a narrow
dynamic range compared with harmonic imaging, however,
needs to be defined.

We used a measure of myocardial blood volume to
characterise myocardial perfusion. There are first reports that
myocardial blood flow velocity assessed by analysis of increas-
ing pulsing intervals may be a more robust parameter for the
quantitative analysis of venous myocardial contrast
echocardiography.”

Diagnostic accuracy found for prediction of contractile
myocardium by venous myocardial contrast echocardiography
in the present study may be too optimistic since the
underlying contrast intensity cut off value was determined in
the same patient population.

Although raw signal intensity data were not used in the
present study, despite theoretical superiority, the validity of
videodensitometric data was shown in a head to head
comparison with digital raw data.”

The contractile response to dobutamine could have been
attenuated by B blocker treatment, which was not discontin-
ued in the present study. Therefore, although-we used high
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doses of dobutamine, we may have incorrectly classified
patients as having no contractile reserve.

Clinical implications and perspective

Our data imply that myocardial capillary perfusion character-
ised by venous contrast echocardiography is a sensitive and
meaningful marker for the evaluation of the success of reper-
fusion treatment in patients with acute myocardial infarction.
Determination of TIMI myocardial perfusion grade,’ Doppler
flow wire,” * nuclear myocardial perfusion imaging,” and
magnetic resonance imaging™ have been used to assess myo-
cardial microvasculature after acute myocardial infarction.
Each of these techniques has its specific strengths and limita-
tions, but none of them has been implemented in routine
diagnostic investigation of patients with acute myocardial inf-
arction because they are either invasive or not readily available
in most hospitals. Venous myocardial contrast echocardio-
graphy used in the present study, in distinction, is a bedside
technique and has the potential to be widely available.
Furthermore, the application of pharmacological stress, so far
needed for echocardiographic assessment of myocardial
viability, is not required. In light of increasing numbers of
reperfusion strategies for patients with acute coronary
syndromes and existing highly effective treatment modalities,
a versatile tool for rational and cost effective comparison of
efficacy differences between them is important and may guide
the planning for large scale clinical mortality trials.

Based on the present data, it also appears reasonable to
evaluate the role of venous contrast echocardiography for risk
stratification after acute myocardial infarction in future studies.

Analysis of time intensity curves based on signals from
incremental imaging intervals or real time registration of sig-
nals using low mechanical index imaging has the potential for
evaluating myocardial microvascular flow velocity and blood
flow.® This may provide further insight in to the process of
recovery of myocardial microvascular and contractile function
after reperfusion of acute myocardial infarction.
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Az életképes myocardium megitélése
kozvetlenul az akut myocardialis infarctus
reperfuzios terapiaja utan végzett vénas
myocardialis kontrasztultrahanggal
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Bevezetés: Az akut myocardialis infarctus (AMI) re-
perflzios terapiajat kovetéen az epicardialis corona-
ria atjarhatésaga mellett ép mikrovasculatura is szuk-
séges a kontraktilis funkcié késébbi javulasahoz. Cél-
kitizés: A szerzék sikeres reperflzids terapian at-
esett AMI-os betegeken a microvasculatura allapota
és a késébbi kontraktilis funkcié k6zotti 6sszefliggést
vizsgaltak szemikvantitativ intravénas myocardialis
kontrasztultrahanggal (VMKE). Mddszer: Hatvanha-
rom elsé AMI-on atesett betegen végeztek VMKE-t 3
6raval a sikeres primer percutan transluminalis coro-
naria-angioplastica (PTCA) utan, és szemikvantitativ
moédon értékelték az akinetikus szegmentumok
kontrasztfelvételét (1 = normalis, 2 = kissé csokkent,
3 = jelent6sen csokkent, 4 = kontrasztfelvétel nem
észlelhetd). A korabban akinetikus szegmenteket (n
= 218) a 14. napon végzett nyugalmi ultrahangvizs-
galat alapjan kilonb6zé funkcionalis csoportokba
osztottak: normokinézis, hipokinézis, akinézis. Ered-
mények: Kozvetlenul a reperfazios terapia utan ész-
lelt szemikvantitativ kontraszt score a késébbi harom
funkcionalis csoportban szignifikansan kilonbozott
(1,21 +0,47; 1,65+ 0,77; 2,75 = 0,85; p < 0,01). A nyu-
galmi funkcidjavulast 79%-os diagnosztikus pontos-
saggal lehetett VMKE-vel megitélni (x* = 76,2; p <
0,001). A globalis falmozgasscore-index a kontraszt
pozitiv betegeknél (a kezdetben akinetikus szegmen-
tek tobb mint felében 1-es vagy 2-es kontrasztscore)
szignifikansan javult az utankovetésig (1.607 + 0,30
vs. 1,295 = 0,25; p < 0,001), mig a kontraszt negativ
betegeknél nem valtozott (1,702 + 0,38 vs. 1,603 =
0,33; p = NS). Kovetkeztetés: AMI-on atesett betegek-
nél kozvetlenll a reperfizids terdpia utan végzett
VMKE-gal kielégité pontossaggal lehet megjosolni a
késébbi nyugalmi funkcidjavulast és kovetkeztetni
lehet az infarctus transmuralis kiterjedésének mér-
tékére.

Kulcsszavak: myocardialis kontrasztultrahang, myocardialis
infarctus, életképes myocardium, mikrocirkulacio

Detection of myocardial viability with venous contrast
echocardiography immediately after reperfusion in pa-
tients with acute myocardial infarction. Introduction:
After reperfusion therapy of acute myocardial infarcti-
on not only the patency of infarct related artery (IRA)
but uncompromised myocardial perfusion are essential
for recovery of myocardial contractile function. Aim:
The authors sought to evaluate the relation between
the status of myocardial microvasculature early after
successful mechanical reperfusion therapy of AMI and
contractile function at rest two weeks later. Methods:
Sixty-three patients with first acute myocardial infarcti-
on underwent venous myocardial contrast echocardi-
ography (VMCE) 3 hours after successful percutaneous
coronary intervention. The myocardial contrast inten-
sity of akinetic segments was evaluated according to a
semiquantitative score (1 = normal; 2 = moderate cont-
rast defect; 3 = serious contrast defect; 4 = no contrast
at all). Two weeks later the resting contractile function
of previously akinetic segments (n = 218) was re-evalu-
ated. Results: The semiquantitative contrast score was
significantly different between differential functional
groups observed after two weeks: normokinesia (1.21
+ 0.47); hypokinesia (1.65 + 0.77); akinesia (2.75 + 0.85).
Sensitivity and the specificity of semiquantitative veno-
us myocardial contrast echocardiography for early pre-
diction of functional recovery is 90% and 69% , res-
pectively (x*= 76.2; p < 0.001). The global wall motion
score index improved in contrast positiv patients (mo-
re than 50% of initial akinetic segments show score 1
or 2) (1.607 = 0.30 vs. 1.295 + 0.25; p < 0.001), but did
not change in the contrast negative patients (1.702 +
0.38 vs. 1.603 = 0.33; p = NS). Conclusion: Functional
recovery after AMI can be predicted with VMCE imme-
diately after successful reopening of IRA. The post-
PTCA contrast intensity of an infarcted segment is
closely related to its subsequent functional status.
Key words: myocardial contrast echocardiography, myocar-
dial infarction, viable myocardium, microcirculation

Az akut myocardialis infarctus (AMI) korai terdpia-
jaban donté az infarctus tertiletét ellaté artéria (in-

Roviditések: AMI = akut myocardialis infarctus; CK = kreatin-
kindz; IRA =infarct related artery (infarctus teriiletét ellat6 artéria;
PTCA = perkutdn transzlumindlis koronariaangioplasztika; TIMI
= Thrombolysis In Myocardial Infarction (thrombolysis myocardi-
alis infarctusban); VMKE = vénas myocardialis kontraszt ultra-
hang; WMS = wall motion score index (falmozgas core index)

farct related artery, IRA) atjarhatésaganak miel6bbi
biztositdsa. A reperfiizios kezelés soran elért TIMI 3
(thrombolysis in myocardial infarction) aramlas
esetén jobb a késébbi systolés pumpafunkcio, mely
az AMI betegek mortalitdsanak donté meghataro-
z6ja (14, 23). Ugyanakkor intracoronariasan adott
kontrasztanyaggal végzett myocardialis kontraszt-
echokardiografias vizsgdlatokkal (MKE) igazoltak,
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hogy az IRA TIMI 3 aramlas mellett az ép myocar-
dialis perfuzio is sziikséges feltétele a késGbbi sys-
tolés kamrafunkcié javulasanak (9, 10). A TIMI 3
epicardialis coronariadramlas melletti perfiizioki-
esést nevezziik ,no-reflow” jelenségnek (11). A
fenti megfigyelést szamos mas és hasonl6 modszer-
rel végzett vizsgalat is megerdsitette (5, 6, 15, 16,
18, 19).

Célunk kozvetlentil a sikeres reperfizios terapia
utan vénas myocardialis kontrasztultrahanggal
(VMKE), szemikvantitativ modon megitélt micro-
vascularis integritds és a késGbbi szegmentalis és glo-
balis myocardialis systolés funkcié kozotti osszefiig-
gés vizsgalata volt.

Modszer

Betegbevalasztas

Els6 12 oran beliili AMI-os betegeket vizsgaltunk. Az
iddintervallum hosszabb is lehetett (24 6ra), amennyiben
a betegnek a felvételkor még anginds fajdalma volt. A be-
tegek sikeres revascularisatios terapian (primer PTCA) es-
tek at: TIMI 3 IRA aramlds kozvetlen a PTCA utdn és a 14
napos ismételt koronarografia soran is. Az AMI diagnozi-
sa a kovetkezd kritériumokon alapult:

— > 30 percig tart6 tipusos anginds fdjdalom;

— felvételkor legalabb 1 mm-es ST-elevdcio, legalabb
két osszetartozd EKG-elvezetésben;

— a kreatinkinaz (CK) normalis felsé hatarértékének
legaldbb kétszeresére valo emelkedése, megfelel6 MB-izo-
enzim-emelkedéssel a sorozatos enzimvizsgalatok soran.

Kizdrdsi kritérium volt:

- nem megfelel6 minGgség ultrahangvizsgalat kép;

- kordbbi myocardialis infarctus az anamnézisben,
praemenopausalis életkor;

- a beteg nem volt képes a beleegyezd nyilatkozatot
alairni.

Vizsgalati protokoll

A VMKE-vizsgalat kozvetleniil a sikeres primer PTCA utan
tortént (1. nap). Kétdimenzios (2D) ultrahangfelvételt vé-
geztiink kozvetleniil a VMKE elGtt és kéthetes utankove-
tés utan (14. nap). A kéthetes kontrollvizsgalatkor ismé-
telt coronaria-angiografia tortént. A vizsgélati protokollt a
Technische Universitdt, Miinchen Etikai Bizottsdga jova-
hagyta, és minden részt vevd beteg alairta a felvildgositast
tartalmazoé beleegyezé nyilatkozatot.

Intravénas myocardialis kontrasztultrahang

3 ml Optisont (Mallinckrodt Medical Imaging, Dublin, Ire-
land) 27 ml fizioldgids sooldattal higitottunk és 200 ml/h
inftizios sebességgel adagoltuk intravéndsan. ATL HDI
5000-es vagy Agilent-Sonos 5500-as ultrahang késziilék-
kel harmonikus maédban (1,7/3,4 vagy 1,8/3,6 MHz), in-
termittdlo képalkotdst (minden 5. szivciklusban EKG-trig-
gerrel meghatdrozott végsystole) alkalmaztunk. Az igy
nyert csticsi négy- és kétiiregii metszeteket (metszetenként
6 szegment) S-VHS videokazettdra rogzitettiik, majd a ko-
rabbiakban leirtak szerint off-line digitalisan feldolgoztuk
és szinkddoltuk (2, 24) A kapott szinkodolt képeken az
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1. abra: (A) négyuregt kép, lateralis AMI, a ,sikeres” primer
PTCA ellenére a lateralis basalis és kozéps6 szegmentekben
jelentés kontraszthiany, az utankovetés soran nincs funkcio-
nalis javulas. (B) kéturegl kép, inferior infarctus, az inferior
basalis, k6zépsé szegmentekben sulyos kontrasztkiesés, funk-
cionalis javulas nincs. (C) kétlregli kép, anterior AMI, az ante-
rior apicalis, kozéps6é szegmentben csak kissé karosodott a
kontrasztfelvétel, az utankovetés soran a két szegment mar
normokinetikus volt

akinetikus szegmentek kontraszttelitettségét szemikvanti-
tativ skala szerint osztalyoztuk: 1 = normalis, 2 = Kissé
csokkent, 3 = jelentésen csokkent, 4 = kontrasztfelvétel
nem észlelhetd (1. abra). A szemikvatitativ kontrasztscore
prediktiv funkcidjanak vizsgalatakor az l-es és a 2-es
kontrasztscore-ral rendelkezé szegmenteket kontraszt po-
zitlv, a 3 €s 4 kontrasztscore-értékkel rendelkezé szegmen-
teket kontraszt negativ szegmenteknek tekintettiik. A be-
tegenkénti értékelésnél kontraszt pozitivnak tekintettiink
egy beteget, ha az akinetikus szegmentek legalabb 50%-a
kontraszt pozitiv volt, ha ennél kevesebb, a beteg kont-
raszt negativ volt.

A felvételeket két, a szegmentadlis systolés funkciot nem
ismerd, kontrasztultrahangban jdrtas vizsgaléo (min. 100
kordbbi vizsgdlat) értékelte, eltérés esetén konszenzussal
dontottek az adott szegment szemikvantitativ kontraszt-
score-értékérol.

Kétdimenzids echokardiografia

Felvételkor és az utankovetés sordn folyamatos harmoni-
kus modot (2,1/4,2 MHz) hasznaltuk a szegmentalis fal-
mozgdszavar megitélésére. A falmozgast a fent emlitett
négy- és kétiiregi képeken elemeztiik 12 szegmentes
modellen. Az egyes szegmenteket szemikvantitativ mo-
don osztalyoztuk: 1 = normalis, 2 = hipokinézis, 3 = aki-
nézis. A globalis systolés funkciot a falmozgasscore-in-
dexszel (WMSI) jellemeztiik (a 12 szegment szemikvanti-
tativ score-janak osszege osztva 12-vel). A nyugalmi 2 és
4 tiregd felvételeket folyamatosan videomagnora rogzi-
tettiik. A felvételeket két fiiggetlen, a kontrasztfelvétele-
ket nem ismerd vizsgalo értékelte, és amennyiben egy
szegment megitélésében eltérés volt, konszenzussal don-
tottek. Funkciondlis javulasként értékeltiik, ha egy korab-
ban akinetikus szegmentnél a 14. napos nyugalmi 2D fel-
vételen hipokinézist vagy normokinézist észleltiink.

Statisztikai analizis

A nomindlis valtozékat tartalmazoé csoportok kozotti kii-
lonbséget khi-négyzet (x°) teszttel vizsgdltuk. A szamszeri
valtozok atlagértékét adtuk meg standard devidcioval. A
csoportok 0Osszehasonlitasdra Kruskall-Wallis és Mann—
Whitney-teszteket alkalmaztuk. A csoportok kozotti kii-
lonbséget szignifikdnsnak tekintettiik, amennyiben p <
0,05 volt.
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1. tablazat: A vizsgalt betegek klinikai és angiografias jellemzéi

Eletkor, median [25., 75. percentil]
N6k, (%)
Mechanikus reperfzié, (%)
Stent, (%)
PTCA, (%)

Fajdalom kezdetétdl a reperfuizioig eltelt idé (6ra), median [25., 75. percentil]

CK-maximum, median (IU/1) [25., 75. percentil]
IRA

LAD, (%)

RCA, (%)

LCX, (%)
Tobbér betegség, (%)
Q-infarctus, (%)
Hypertonia, n (%)
Hypercholesterinaemia, (%)
Diabetes mellitus, (%)
Dohéanyos, (%)

58 [51, 63,5]
9 (14)
63 (100)
48 (76)
15 (24)
7,7 [3-17]
825 [426-1410]

31 (49)
26 (41)

6 (10)
36 (57)
51 (81)
34 (54)
39 (62)
10 (16)
39 (62)

PTCA = percutan transluminalis coronaria-angioplastica; CK = kreatinkinaz; IRA = infarctus terlletét ellat6 artéria; LAD = ra-
mus descendens anterior; RCA = coronaria dextra; LCX = ramus circumflexus

Eredmények
Betegek

A bevételi kritériumoknak 77 beteg felelt meg, akik
koziil 14 kizarasra keriilt: 2 beteg az utankovetési
ido alatt meghalt, 1 beteg ismételt infarctust szenve-
dett, 4 betegnél az utankovetés soran TIMI 0-2 IRA
aramlast észleltiink, 5 betegnél értékelésre alkalmat-
lan volt az ultrahangkép mindsége, 2 betegnél nem
tortént meg a kontroll koronarografia és igy az IRA
TIMI aramlas a 14. napon ismeretlen volt.

A vizsgélatban részt vevo 63 beteg klinikai €és an-
giografias jellemzGi az 1. tabldzatban lathatok.

A szegmentalis funkcio értékelése

A vizsgalt 756 szegmentbdl 218 volt akinetikus az 1.
napon. Ezen 218 eredetileg akinetikus szegment
késGbbi systolés funkciojat vizsgdltuk a 14. napon:
106 szegmentnél észleltiink nyugalmi javulast (40
normokinézis, 66 hipokinézis), 112 szegment akine-
tikus maradt. Ezen csoportokban kozvetleniil a pri-

3-
% =p <0,05
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Kontraszt score
w
!

Akinézis Hipokinézis Normokinézis
2. abra: Szemikvantitativ kontrasztscore-értékek a kilnbozé
funkcionalis csoportokban
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3. abra: A kés6i szegmentalis funkcionalis javulas és a korai
kontrasztfelvétel osszefliggése

mer PTCA utan észlelt szemikvantitativ kontraszt-
score kiilonbozd volt: normokinézis: 1,205 (+ 0,47),
hipokinézis: 1,651 (x 0,77), akinézis: 2,75 (x 0,85),
(p < 0,05) (2. dbra). A 130 kontraszt pozitiv szeg-
mentbdl 95 mutatott késébbi nyugalmi funkcionalis
javuldst, mig 88 kontraszt negativ szegmentbdl csak
11. A fentiek alapjan a szegmentalis nyugalmi funk-
cidjavulas elorejelzésében a kozvetleniil a sikeres re-
vascularisatio utan végzett szemikvantitativ kont-
rasztultrahang szenzitivitasa 90%, specificitasa 69%,
pozitiv prediktiv értéke 73%, negativ prediktiv ér-
téke 88%, diagnosztikus pontossaga 79% (x*= 77,1;
p < 0,001) volt (3. dbra).

A globalis funkci6 értékelése

A 40 kontraszt pozitiv és 23 kontraszt negativ beteg-
nél az 1. napon nem volt szignifikans kiilonbség a
WMSI-ben (1,607 + 0,30 vs. 1,702 + 0,38). A 14.
napon azonban a kontraszt pozitiv betegeknél a
WMSI kisebb volt, mint a kontraszt negativoknal
(1,295 £ 0,25 vs. 1,603 + 0,33; p < 0,01). Ugyanak-
kor a WMSI kontraszt pozitiv betegeknél az utanko-
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Kontraszt
neg. 1. nap neg. 14.nap poz. 1.nap poz. 14. nap

Kontraszt Kontraszt Kontraszt

4. abra: A falmozgasscore-index (WMSI) valtozasa kontraszt
pozitiv és kontraszt negativ betegekben

vetésig szignifikdnsan javult ellentétben kontraszt
negativ betegekkel (4. dbra).

Megbeszélés

Fébb megadllapitasaink a kovetkezik:

- a kozvetleniil az AMI reperfuzios terapidja utan
szemikvantiativ. médon megbecsiilt myocardialis
vérvolumen és az életképes myocardium mennyisé-
ge aranyos egymassal,

— a reperfazios terapia utani korai idgszakban
megfeleld pontossaggal josolhaté meg a késGbbi
nyugalmi systolés funkciojavulas.

Az életképes myocardium mennyiségének
megbecsiilése

Az optimalis eredményl (TIMI 3 IRA aramlas) re-
perfaziés terdpia utan észlelt systolés funkciozavar
(akinézis) patofizioldgiai okai eltéréek lehetnek: a
kiilonb6z6 kiterjedésii necrosistél (no-reflow) a
myocardialis stunningig. A fenti kiilonb6z6 progno-
zisi okok konvenciondlis ultrahangvizsgalattal az
akut szakban nem kiilonbéztethetGk meg egymas-
tol. Az altalunk bemutatott példakon jol elkiilonit-
hetd a definitiv necrosis a stunningtdl (1. dbra).

Az epicardialis coronaria sikeres revascularisatioja
esetén a stunned myocardium nyugalmi systolés
funkcidja az esetek tobbségében 2 héten beliil megja-
vul (8). Allatkisérletekben 20-30%-o0s, vagy annal
nagyobb kiterjedést subendocardialis necrosis esetén
az érintett teriletet akinetikusnak taldltak, a kisebb
kiterjedést necrosis esetén az elhalt subendocardium
aranyatol fliggéen hipo- vagy normokinézist észleltek
(12, 20). Az altalunk alkalmazott maodszerrel a fenti
csoportokban szignifikansan kiilonboz6 kontrasztin-
tenzitast észleltiink (2. dbra). A kontrasztintenzitas
mértéke a megfeleléen hosszu triggerintervallum
esetén (példaul minden 5. végsystole) a myocardialis
vérvolumen mennyiségével (myocardial blood volu-
me, MBV) aranyos (24). Ez arra utal, hogy kozvetle-
niil a sikeres reperfiizios terapia utan az MBV meny-
nyisége forditottan ardnyos a necrosis kiterjedésével.

ORVOSI
HETILAP

1850

A nyugalmi systolés funkciéjavulas el6rejezése
(korabbi tanulmanyok)

A korabban intracoronaridsan adott kontraszttal
végzett tanulmanyok hasonléan jo szenzitivitassal
(66-100%), de lényegesen gyengébb specificitassal
(18-60%) becsiilték meg az utankovetés soran ész-
lelt nyugalmi funkcidjavulast (3, 4, 13). Csak egy
munkacsoport taldlt 100%-0s szenzitivitast és 90%-
os specificitast, nem minden esetben optimalisan
revascularizalt és nem olyan homogén betegcsopor-
ton, mint a fenti munkacsoportok vagy az altalunk
vizsgalt csoportok (1). Az altalunk elért jobb specifi-
citasnak tobb oka is lehet: 1. Az intracoronaridsan,
bolusban adott kontraszt myocardialis mennyisége
fligg a bolus nehezen standardizalhato sebességétol,
és az egyszerre beadott nagyobb kontrasztmennyi-
ség valoszintleg csak a sulyosan karosodott micro-
vasculatura esetén mutatott defektust. Alacsonyabb
kontrasztkoncentracio-tartomanyban a koncentra-
cio-mért videointenzitas gorbe meredekebb, mint az
intracoronarias adagolasanal elért magasabb myo-
cardialis koncentraciotartomdnyban (21). Az intra-
vénasan folyamatos infuziéban adott kontraszt-
anyaggal egyenletes, de alacsonyabb myocardialis
kontrasztkoncentraciot ériink el, és ebben a tarto-
manyban létrejové kontrasztkiillonbségeket érzéke-
nyebben tiikrozi a videointenzitas valtozasa. 2. A
kordbbi tanulmanyokban a vizsgalat jellegébol faka-
déan a kontrasztultrahang kozvetlentl a PTCA utan
(10-25 perc), még a katéteres laboratériumban tor-
tént. Mi a vizsgalatot mar az intenziv osztalyon, a
PTCA-t kivets 180. (+ 24) percben végeztiik. fgy
minden bizonnyal az éllatkisérletekben észlelt (bar
humdn tanulmanyokban eddig nem igazolt), a re-
perfuzios terapiat kovetéen 2 6rdig tarto reaktiv hy-
peraemia (7, 22) nem befolydsolta vizsgdlati ered-
ményeinket, kevesebb dlpozitiv esetet talaltunk, ami
ugyancsak magyarazhatja az elért jobb specificitast.
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be related to streptococci, such as polyarteritis nodosa and
Henoch-Schonlein purpura, are encountered in FMF more
commonly than in the general population.” In addition acute
poststreptococcal glomerulonephritis has been characterised
as a type of renal involvement,” and RHD has been reported*’
to be more frequent in patients with FMF than in the normal
population. Moreover, increased antistreptolysin O titres have
been reported in FMF patients.® This is the proof of greater
antibody response against streptococci in patients with FMF.
Exaggerated antistreptococcal antibody response is also a
characteristic feature of RF. Although RF can follow any group
A B haemolytic streptococcus pharyngitis, it was demon-
strated that children who developed RF had an exaggerated
antibody response Lo streptococcal antigens when they were
compared with children who had recovered from a streptococ-
cal upper respiratory tract infection.’

Increased RF or RHD incidence in relatives of our patients
strongly supports previous evidence suggesting a familial pre-
disposition in RF. There is a strong consensus that RF
represents an abnormal host immune response in genetically
predisposed individuals to those streptococcal antigens cross
reactive with heart, brain, and joint tissues.’ Considering the
basic defect of FMF, which we propose to be the impaired
control of the immune response, we speculate that even bear-
ing only one MEFV mutation might directly or indirectly
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result in immune hyperreactivity against streptococcal anti-
gens that leads to development of RF. Although a predisposi-
tion to RF is more likely to be multifactorial in origin, or may
be polygenic, this is the first study implicating the possible role
of the MEFV gene in the pathogenesis of RF.
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Left ventricular pseudoaneurysm: a mechanical complication of acute myocardial infarction

to the mitral annulus (LA, left atrium; LV, left

needed 1o be replaced with a mechanical
prosthesis. The vein graft to the left circumflex

51 year old man was admitted with
exertional dyspnoca and a grade 1
to-and-fro heart murmur. He had

undergone coronary artery bypass graft sur-
gery for severe three vessel coronary artery
disease nine months before. Three weeks
before admission, he suffered an acute Q wave
lateral myocardial infarction which was
treated conservatively. Chest x ray on admis-
sion showed a pronouced increase of the car-
diac silhouette and signs of pulmonary

congestion. Echocardiography was performed
and revealed a large echo-free space adjacent
to the lateral wall of the left ventricle (below
left, asterisk) which extended from the apex

ventricle; RA, right atrium; RV, right ventri-
cle). A small myocardial rupture (below
centre) was identified in the basal lateral left
ventricular wall, and colour Doppler imaging
showed bidirectional shunting of blood be-
tween the left ventricle and the echo-free
space (below right), enabling a diagnosis of
left ventricular pseudoaneurysm to be made.
Moderate mitral regurgitation was also
present.

During subsequent heart surgery, the pseu-
doaneurysm was incised, its fibrous wall was
resected, and the ruptured left ventricular
myocardium was sutured. The mitral valve

coronary artery was occluded, but because of
the small size and distal occlusion of the
native vessel, no redo bypass surgery was per-
formed. The patient’s postoperative hospital
course was uneventful and he was discharged
two weeks later
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Penetrating Atherosclerotic Ulcer of the Aortic Arch

Christian Firschke, MD; Marek Orban, MD; Peter Andrassy, MD;
Riidiger Lange, MD; Albert Schomig, MD

62-year-old man was referred to our hospital with a

2-day history of moderate continuous interscapular
pain. The patient had a history of arterial hypertension and
coronary artery disease treated with bypass surgery in
1990. His medication consisted of aspirin, a 3-blocker, and
an ACE inhibitor. His physical examination was unremark-
able except for a blood pressure of 150/95 mm Hg. Acute
coronary syndrome was ruled out. A contrast-enhanced CT
scan showed a narrow-necked, contrast-filled outpouching
of the aortic arch (Figure 1, *) embedded in a mass of
lower contrast uptake (Figure 1, arrows). The dimensions
of the ascending and descending aorta were normal. On
transesophageal echocardiography, marked atherosclerosis
of the descending aorta was seen. The anterior wall of the
aortic arch could not be delineated unequivocally. An
ulcerlike crater (Figure 2, *) with a diameter of ~2X2.5
cm was part of the anterior margin of the aortic arch
(Movie I) and was surrounded by material of varying
echolucence with color Doppler signals outside the lumen

of the aorta (Figure 3, arrows; Movie II). On the basis of
these findings, perforation of the aortic arch with periaortic
hematoma was assumed and was suspected to have been
caused by atherosclerotic degeneration of the aortic wall.
Urgent surgery was performed, and intraoperatively, ex-
tensive atherosclerotic ulceration was found in the aortic
arch. The anterior part of the aortic wall in that region was
virtually nonexistent, and a functional lumen had been
fashioned by semiliquid thrombotic material surrounding
the aorta, held together by numerous adhesions. The aortic
arch was replaced with a 30-mm Hemashield prosthesis,
and the supra-aortic vessels were reimplanted. The pa-
tient’s postoperative course was uneventful, and he was
discharged after 10 days.
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Figure 1. Contrast-enhanced CT scan of the aortic arch.

Figure 2. Transesophageal echocardiogram of the aortic arch.
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Figure 3. Color Doppler on transesophageal echocardiography
(same image plane as in Figure 2).



