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Echocardiography is a non-invasive diagnostic technique which provides information regarding cardiac function and
hemodynamics. It is the most frequently used cardiovascular diagnostic test after electrocardiography and chest X-ray.
However, in a patient with acute chest pain, Transthoracic Echocardiography is essential both for diagnosing acute coronary
syndrome, zeroing on the evaluation of ventricular function and the presence of regional wall motion abnormalities, and for
ruling out other etiologies of acute chest pain or dyspnea, including aortic dissection and pericardial effusion.

Echocardiography is a versatile imaging modality for the management of patients with chest pain and assessment of left
ventricular systolic function, diastolic function, and even myocardial and coronary perfusion and is, therefore, useful in the
diagnosis and triage of patients with acute chest pain or dyspnea.

This review has focused on the current applications of echocardiography in patients with coronary artery disease and

myocardial infarction.
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Background

A large number of patients present daily to the
emergency department with the chief complaint of chest
pain. The challenge for the physician is to identify patients
who require intervention, particularly when acute coronary
syndromes (ACSs) present with atypical symptoms or non-
diagnostic electrocardiogram (ECG) changes or normal
cardiac enzyme levels. Since the mortality and morbidity of
ischemic heart disease improves following early treatment,
timely diagnosis is of vital importance not only to help the
patient but also to reduce hospital stay and economic costs.

The backbone for the diagnosis of myocardial infarction
comprises the patient’s history, ECG findings, and cardiac
enzyme (Troponin, CKMB) levels,' but it should be taken
into account that it takes cardiac enzymes some time to
elevate above the normal range after the onset of chest pain.
In ACSs not associated with myocardial necrosis, these
markers do not tend to rise. Enzyme levels are also likely to
elevate even in the absence of ACSs, although this increase
depends on renal function and underlying disease. ECG
changes are sometimes non-specific and non-diagnostic.
Given the limitations in various clinical settings,
echocardiography is now deemed an important and
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resourceful imaging technique for the management of
patients with chest pain. Assessment of left ventricular
systolic function, diastolic function, and even myocardial
and coronary perfusion may be of value in the diagnosis
and triage of patients with acute chest pain or dyspnea.
Echocardiography is also very useful when it comes to rule
out the possibility of other etiologies of acute chest pain or
dyspnea such as aortic dissection and pericardial effusion.

This review will concentrate on the current applications
of echocardiography in patients with known or suspected
coronary artery disease.

Echocardiography in the Emergency Department

Echocardiography is a non-invasive diagnostic technique
for the provision of information on cardiac function
and hemodynamics and is the most frequently utilized
cardiovascular diagnostic test after electrocardiography
(ECG) and chest X-ray. Still, in a patient with acute
chest pain, Transthoracic Echocardiography (TTE) takes
precedence in order to diagnose acute coronary syndrome
(ACS) and to rule out other etiologies, with an emphasis on
the evaluation of ventricular function and the presence of
regional wall motion abnormalities. The study should also
take heed of non-ischemic causes of chest pain. Be that as it
may, in a patient suspected of aortic dissection or pulmonary
thromboemboli, a negative TTE is not sufficient to rule out
the diagnosis.

Regional wall motion should be assessed on multiple
image views at the parasternal long-axis and short-axis
views and the apical four-chamber, two-chamber, and
three-chamber views. Subcostal views can prove extremely
helpful, especially when parasternal or apical views are of
poor quality, and off-axis or foreshortened views should be
avoided in that they render the interpretation of regional
wall motion difficult and increase the likelihood of error.
Second harmonic imaging with high signal-to-noise ratio
can augment the clarity of the images.

The Role of Echocardiography in the
Diagnosis of Coronary Artery Disease
and Localization of Acute Myocardial
Infarction

Evaluation Wall Motion

Abnormalities

of Mpyocardial

In clinical practice, visual (eye ball) assessment via
Two-Dimensional (2D) Echocardiography provides a rapid
evaluation of regional systolic function. In each imaging
plane, the left ventricle (LV) is divided into several segments,
with each segment being scored a numerical value to signify

the degree of contraction. The American Heart Association
recently recommended a 17-segment model (Figure 1).2 The
locations of the segments follow the territory of the coronary
arteries to expedite the evaluation of ischemia. The severity
of contractile dysfunction is, accordingly, scored visually in
each segment as 1 for normal contraction or hyperkinesia, 2
for hypokinesis, 3 for akinesia, 4 for dyskinesia, and 5 for
aneurysmal segments,® and the global wall motion score is
thereafter calculated by averaging the readings in all the
segments. A normal LV has a wall motion score index of
1, and the index increases as wall motion abnormalities
increase in severity. There is a good correlation between the
wall motion score index and functional impairment: a wall
motion score index of 1.1-1.9 can predict a small infarct
size, and an index equal to or greater than 2.0 can predict the
occurrence of complications.

Accuracy of the qualitative assessment of wall motion is
influenced by image quality and imaging plane in conjunction
with the experience of the observer.*” Thickening is
preferred for regional systolic function evaluation because
of the counterclockwise rotation of the LV around its long
axis during systole.? In addition to wall motion abnormality
assessment, Hand-Held Echocardiography is also applicable
with a moderate correlation by comparison with standard 2D
echocardiography and the device can be utilized by cardiology
trainees with limited experience in echocardiography.
Nevertheless, Hand-Held Echocardiography  should
be drawn upon only in combination with a standard
examination.” Regional myocardial contractility is
quantifiable by strain imaging. Strain signifies deformation
and constitutes an excellent parameter of regional function,
independent of cardiac translation. Strain values enable
the differentiation of normal from abnormal contraction in
the ischemic myocardium. In a study in patients receiving
coronary angioplasty, systolic strain was reduced and post-
systolic strain was elevated.!” Strain can be measured with
Tissue Doppler Imaging (TDI), but it is angle-dependent.!!
Speckle Tracking Echocardiography (STE) is a 2D-based
strain imaging modality and has been validated recently for
the measurement of regional function in long- and short-
axis views.!? An angle-independent strain imaging modality,
STE confers direct measurement of strain, whereas TDI
calculates strain by integrating the strain rate. In contrast
to Doppler-based strain, STE enables the measurement of
radial and circumferential strains from the LV short-axis and
longitudinal strain from apical views.

Localization of Infarction

The potential value of 2D Echocardiography as a diagnostic
tool in acute myocardial infarction (AMI) was discovered
very early,'>'* and a large number of studies reported its
high sensitivity, both qualitatively and quantitatively. As a
general rule, for the differentiation of normal from infarcted
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Figure 1. Segmental model for regional wall motion analysis. The left ventricle (LV) is divided into three levels: 6 basal; 6 mid; and 4 apical segments
LA, Left atrium; LV, Left ventricle; RA, Right atrium; RV, Right ventricle; Ao, Aorta; LVOT, Left ventricular outflow tract; MVO, Mitral valve orifice; AS,

Anteroseptum; Ant, Anterior; Ant-Lat, Anterolateral; Post-Lat, Posterolateral; Inf, Inferior; IS, Inferoseptum

myocardium, wall thickening is preferred to wall motion.!>
16 Transmural infarctions are also more optimally recognized
than subendocardial infarctions involving less than 20%
of the wall thickness."” Moreover, 2D Echocardiography
is extremely accurate for the localization of the infarction.
Exceptions are multi-vessel disease, previous infarction,
and overlap between the perfusion territories of the right
and circumflex coronary arteries. There is a significant
relationship between infarction and contractile dysfunction;
consequently, the absence of wall motion abnormality or
wall thinning rules out a clinically significant infarction.'®

Assessment of Infarct Size

As much as the pattern of dysfunction may be a reflection
of the extent of an infarction, the circumferential extent of
dysfunction could be more than the extent of the infarction, '
which might be in consequence of multi-vessel disease or
a previous infarction. Ordinarily, wall motion analysis, in
comparison with wall thickening, tends to overestimate
the infarct size, but both parameters offer similarly close
estimates of the infarct size.!®2*

Right Ventricular Infarction

Echocardiography is the imaging method of choice for
the diagnosis of right ventricular (RV) infarction. It is

also helpful in excluding cardiac tamponade, which may
be hemodynamically mistaken with RV infarction. The
hemodynamic profile of acute RV infarction can also be
diagnostic of an acute pulmonary embolism in the absence of
an ischemic event. The 2D Echocardiographic findings of RV
infarction encompass RV dilation, RV systolic dysfunction,
segmental wall motion abnormalities, and paradoxical septal
motion.” In many cases, inferior wall motion abnormality is
likely to be subtle with a preserved overall LV function. TDI
may provide complementary evidence of RV infarction. A
case in point is a recent study of 60 patients with a first acute
inferior MI, where a tricuspid valve annulus peak systolic
velocity smaller than 12 cm/s had a sensitivity of 81%,
specificity of 82%, and negative predictive value of 92% for
RV infarction.?

The characteristic echocardiographic features of RV
dysfunction in the setting of an RV infarction are increased
right atrial pressure, begetting an interatrial septum shift
toward the left atrium (LA), and dilation of the inferior vena
cava with decreased (or lack of) inspiratory collapsibility,
which correlates perfectly with the clinical status and
prognosis.?® Echocardiography also plays an important role
in detecting the complications of RV infarction, including
ventricular septal rupture and severe tricuspid regurgitation
(as a result of papillary muscle ischemic dysfunction or
rupture and functional regurgitation resulting from annular
dilatation). Indeed, severe hypoxemia caused by a right-
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to-left shunt across a patent foramen ovale, which can be
confirmed simply through an injection of agitated saline
solution into the arm vein, may occur in tandem with large
RV infarction associated with high right atrial pressure.?

Hemodynamic Assessment of Patients
with Acute Myocardial Infarction Using
Doppler Echocardiography

Patients with an AMI were classified into several groups
based on the cardiac index and pulmonary capillary wedge
pressure (PCWP) by Forrester and colleagues in 1976:%
Group I: normal hemodynamics (cardiac index [CI] >
2.2 L/min/m?, PCWP < 18 mmHg); Group II: pulmonary
congestion (CI > 2.2 L/min/m?, PCWP > 18 mmHg); Group
II: peripheral hypoperfusion (CI < 2.2 L/min/m?, PCWP
< 18 mmHg); and Group IV: pulmonary congestion and
peripheral hypoperfusion (CI < 2.2 L/min/m?, PCWP > 18
mmHg).?! This classification is capable of predicting in-
hospital mortality, irrespective of the patient’s age, gender,
precipitating factors, and location of the infarction. Despite
the fact that invasive measurement of the cardiac output and
PCWP remains common in patients with AMI complicated
by cardiac failure or cardiogenic shock, the use of invasive
catheters carries the risk of increased mortality in critically
ill patients.

In contrast, a meticulously performed Doppler
echocardiographic examination can provide sufficient
information to determine the hemodynamic category
after an infarction without increased mortality. This non-
invasive measurement of the cardiac output and PCWP in
patients with AMI and cardiac failure can guide therapy
and predict prognosis. In post-infarction patients with a left
ventricular ejection fraction (LVEF) smaller than 35%, a
mitral deceleration time less than 120 msec is deemed highly
predictive of a PCWP greater than 20 mmHg.*"- *

Several studies have shown the value of pulmonary venous
flow Doppler in the estimation of PCWP. The deceleration
time of the diastolic component of the pulmonary venous
flow enjoys a better correlation with PCWP than with mitral
deceleration time. The sensitivity and specificity of a diastolic
component pulmonary venous deceleration time smaller
than 160 msec in predicting a PCWP equal to or greater than
18 mmHg were reported to be 97% and 96%, respectively.*"
32 In subjects older than 40 years of age with normal filling
pressures, pulmonary venous peak velocities and velocity
time integrals are higher during systole than during diastole,
and the duration of pulmonary venous A wave is less than
that of mitral A wave. With high filling pressures, diastolic
filling predominant and A wave duration exceeds that of
mitral A wave. In patients with AMI, a systolic fraction of
the pulmonary venous flow smaller than 45% was highly

correlated with a PCWP greater than 18 mmHg.?" %

TDI measurement of mitral annular velocities is a well-
validated method for PCWP estimation. The measurement
of peak mitral early diastolic filling velocity / velocity of
propagation (E/Vp) by color M-mode Doppler in patients
with AMI is strongly allied with PCWP. An E/Vp equal to
or greater than 2 is believed to predict a PCWP equal to
or greater than 18 mmHg with a respective sensitivity and
specificity of 95% and 98%.%" 3> The Tei index, defined as
the sum of isovolumic contraction and relaxation times
divided by ejection time, denotes the global LV function.
In AMI patients, the Tei index correlates significantly with
PCWP and the cardiac index. A Tei index equal to or greater
than 0.60 can diagnose impaired hemodynamics (PCWP
> 18 mmHg and/or cardiac index < 2.2 L/min/m?) with a
sensitivity, specificity, and accuracy of 86%, 82%, and 83%,
respectively.’!-3 The Tei index confers a swift and practical
non-invasive prediction of complications in ST-elevation MI
(STEMI) patients insofar as it rises significantly in patients
with complications compared with those without them (>
0.66 predicts complications).?

Elevated pulmonary artery pressure is allied to increased
mortality in AMI patients. Doppler Echocardiography
can estimate systolic pulmonary artery pressure by using
tricuspid regurgitation and the Bernoulli equation. Pulmonary
artery pressure can also be measured based on the size and
the respiratory variation of the inferior vena cava using
2D imaging. Needless to say, hemodynamic information
obtained from an echocardiographic examination only at a
single point in time should be complemented by continued
invasive monitoring in patients with ongoing instability.*-3!

The Role of Echocardiography for
Detection of Complications of Acute
Mpyocardial Infarction

Echocardiography is a vital, non-invasive, and readily
available tool in the diagnosis and evaluation of patients
with the mechanical complications of AMI and can be used
repeatedly at the bedside. Unfortunately, the mechanical
complications of AMI are more often than not fatal and,
without immediate surgery, they shortly lead to sudden
death. The major mechanical complications of AMI are
ventricular free wall rupture, ventricular septal rupture, and
papillary muscle rupture with severe mitral regurgitation,
each of which is capable of triggering cardiogenic shock.

Ventricular Free Wall Rupture and Pseudoaneurysm
Formation

A free wall rupture is the most catastrophic complication
of STEMI and involves the tearing or rupture of the acutely
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infarcted tissue. The rupture of the free wall of the LV occurs
in 1- 4.5% of AMI patients and accounts for 10-15% of early
AMI deaths.* % Some features suggestive of this serious
complication of STEMI are as follows:* 1) Commonly
occurs in old-aged, female gender, and hypertensive
patients; 2) Occurs more frequently in the LV than in the
RV and seldom occurs in the atria; 3) Occurs commonly in
the anterior or lateral wall of the ventricle in the distribution
areas of the left anterior descending coronary (LAD) artery;
4) Occurs together with a relatively large transmural infarct
involving at least 20% of the LV; and 5) Occurs between 1
day and 3 weeks, but most commonly within 1-4 days in the
wake of infarction, usually in close proximity of the junction
of the infarct and the normal muscle and mostly happens in
first M1.

A free wall rupture tends to happen at three distinct intervals
and with three distinctive pathologic subsets.’* Type I occurs
early (within 24 hours) and is a full-thickness rupture, with
its frequency rising owing to fibrinolytics. Type II happens
1-3 days post-MI and is in consequence of the erosion of
the myocardium at the site of the infarction. Type III occurs
late and is situated at the border zone of the infarction and
the normal myocardium.* It has been hypothesized that type
III ruptures may happen in the wake of increased wall stress
secondary to dynamic LV outflow tract obstruction.’” The
rupture usually presents with a sudden profound shock, often
promptly leading to electro-mechanical dissociation (pulse-
less electrical activity) created by cardiac tamponade. If the
patient’s condition is relatively stable, echocardiography
may help diagnose hemopericardium and tamponade®*
(Figure 2a).

Direct visualization of the rupture is often problematic as it
may be only a “slit” in the myocardium, and the location of
the pericardial fluid may not directly correlate with the area
of the rupture®” (Figure 2b). However, an intra-pericardial
thrombus is often present and is very characteristic. It is
rare to show the flow into the pericardium. When created
by abrupt intra-pericardial hemorrhage, the characteristic
echocardiographic signs of tamponade may be absent and
the clinical status should be drawn upon for diagnosis.**

Pseudoaneurysms are begotten by the contained rupture of
the LV free wall. An incomplete rupture of the heart may
take place when both thrombus and hematoma, along with
the pericardium, seal the LV rupture and thus thwart the
development of hemopericardium. This area of organized
thrombus and pericardium is called a pseudoaneurysm,
which communicates with the LV cavity through a low
velocity bidirectional flow (Figure 3).

In contrast to a true aneurysm, which always contains
some myocardial elements, a pseudoaneurysm is composed
of organized hematoma and pericardium and lacks any
elements of the original myocardial wall. Pseudoaneurysms
can increase in size, even equaling the true ventricular
cavity in size, and communicate with the LV cavity via a

narrow neck. The diagnosis of pseudoaneurysms can usually
be made by echocardiography. TTE is the fastest, albeit
a partially sensitive, diagnostic tool for the detection of a
cardiac rupture and even unexpected diagnosis is reported in
an outpatient in the echo-lab.** An LV free wall rupture is also
a possibility, even after coronary artery bypass grafting.*

B

Figure 2. Indirect evidence of a free wall rupture as the presence of

hemopericardium, the small arrow in parasternal long-axis view (A), and
the presence of a thrombus in the pericardial sac in the subcostal four-

chamber view (B), the large arrow

The differentiation between true aneurysms and
pseudoaneurysms can be difficult by any imaging technique.
The crucial diagnostic finding is moderate to large
pericardial effusion with clinical and echocardiographic
signs of impending pericardial tamponade.*' The absence
of pericardial effusion on echocardiography carries a high
negative predictive value. It is advisable that patients without
initial cardiac tamponade be followed up because a late
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rupture may still occur.* Pseudoaneurysms are sometimes
distinguishable from true aneurysms thanks to an abrupt
interruption in the LV wall (contrasted with the smooth curve
of true aneurysms) and a narrow neck®’ (Figures 4 and 5).

If TTE is not feasible in patients receiving mechanical
ventilation, Transesophageal Echocardiography (TEE) can
aid to confirm a free wall rupture. Cardiovascular Magnetic
Resonance (CMR) can also prove helpful when there is a
cardiac rupture.® “ CMR offers outstanding image quality
and permits the identification of the site and anatomy of
a ventricular pseudoaneurysm. Nonetheless, CMR is of
limited use in the acute setting because it is time-consuming
and non-portable.

Figure 3. Direct visualization of a free wall rupture (arrow), detected via

Color Doppler Echocardiography in the subcostal view

Figure 4. Two-dimensional echocardiogram with Color Flow Doppler in the

apical four-chamber view in a patient with a history of anterior myocardial
infarction. There is a large pseudoaneurysm (spiral arrow) with a narrow
neck in the apicolateral segment of the left ventricle, and the flow passes

through its entrance.

Aorta

Left ventricle

Mitral valve

Left atrium

Pseudoaneurysm

I'hrombus

Left ventricle

Mitral valve

Aneurysm

Left atrium

I'hrombus

Figure 5. A posterior wall pseudoaneurysm (A) versus a true aneurysm (B)
LV, Left ventricle; LA, Left atrium; AO, Aorta

Ventricular Septal Rupture

Before the widespread use of cardiac intervention and
in the era prior to reperfusion therapy, a ventricular septal
rupture causing a ventricular septal defect (VSD) occurred
in 3-5% of transmural or Q-wave MIs.* Over time, the
rate decreased through the introduction of thrombolytic
therapy.*® 7 Post-MI VSDs after STEMI are associated
with high 30-day mortality rates. The perforation can range
from one to several centimeters in length. The rupture of
the septum with an anterior infarct tends to be apical in
location (Figure 6), whereas an inferior infarct is associated
with the perforation of the basal inferior septum and has a
worse prognosis than those in an anterior location (Figure
7). The likelihood of survival depends on the degree of the
impairment of the ventricular function and the size of the
defect. Biventricular failure generally happens within hours
to days. The defect can be recognized via echocardiography
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with Color Flow Doppler Imaging.3* It is categorized as
simple or complex, depending on the length, course, and
location. In a simple rupture, the perforation is at the same
level on both sides of the septum, and a direct through-and-
through communication is present across the septum, while
a complex rupture is characterized by extensive hemorrhage
with irregular, serpiginous tracts in the necrotic tissue in
30-40% of patients. The diagnosis can usually be made
by TTE; experience is essential as the most useful views
depend on the location of the defect. Subcostal views are
particularly useful in the critically ill, supine patient with
inferior infarction. Small defects may not be visible, but
Color Doppler is very sensitive. Because these defects are
often not discrete, the evaluation of the degree of a left-to-
right shunt may be difficult. A large shunt is typified by the
hypercontractility of non-infracted LV segments with a low
forward stroke volume, high pulmonary artery flow velocity,
and elevated pulmonary artery systolic pressure.

Figure 6. Modified two-dimensional echocardiogram with Color Flow

Doppler in the apical four-chamber view, revealing a breach in the
interventricular septum and a free communication between the ventricles
through an apical septum ventricular septal defect in a patient who recently

had an anterior myocardial infarction (spiral arrow)

A post-MI VSD is an infrequent but life-threatening
complication of AMI. An extensive infarct size and RV
involvement are known risk factors. Septal ruptures are
most common in patients with large anterior MI due to the
occlusion of the LAD artery. These ruptures are generally
apical and simple. Septal ruptures in patients with inferior
MI occur relatively infrequently and involve the basal
inferoposterior septum and are often complex. At the present
time, it seems that the occurrence rate of a post-AMI VSD is
lower than that reported by earlier studies, but the mortality
rate is still high. Because non-apical VSD and AMI in other
walls, except for the anterior wall, are allied with poorer
survival, surgical repair is deemed superior to conservative

therapy in such scenarios.*

An extremely rare case is a partial closure due to thrombus
formation.* In rare instances, AMI can be complicated
by two distinct kinds of rupture named as a ventricular
double rupture. The most common form of a ventricular
double rupture consists of a ventricular septal rupture in
combination with a free-wall rupture.’® ' Echocardiography
with Color Flow Doppler Imaging is the preferred diagnostic
tool to identify a ventricular septal rupture® (Figures 6 and
7) with reported sensitivity and specificity of as high as
100%. This modality can also be used for the definition of
the site and size of a septal rupture, assessment of the LV and
RV functions, estimation of the RV systolic pressure, and
quantification of a left-to-right shunt.

Figure 7. Modified two-dimensional echocardiogram with Color Flow

Doppler in the apical four-chamber view, illustrating a basal inferoseptal
ventricular septal rupture (ventricular septal defect) (arrow) in a patient who

recently had an inferior myocardial infarction

Acute Mitral Regurgitation Secondary to Papillary
Muscle Rupture

Severe mitral regurgitation begotten by a papillary muscle
rupture accounts for about 5% of deaths in AMI patients.?
A partial or total rupture of a papillary muscle is a rare but
often fatal complication of a transmural MI. An inferior
wall infarction can lead to the rupture of the posteromedial
papillary muscle (Figure 7), which occurs more commonly
than the rupture of the anterolateral muscle (Figure 8), a
consequence of an anterolateral MI. The rupture of an RV
papillary muscle is unusual but can cause massive tricuspid
regurgitation and RV failure. A complete rupture of an LV
papillary muscle is fatal because the sudden massive mitral
regurgitation that has developed cannot be tolerated. The
rupture of a portion of a papillary muscle, usually the tip or
head of the muscle, resulting in severe, albeit not necessarily
overwhelming, mitral regurgitation, is much more frequent
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and notimmediately fatal. Unlike the rupture of the ventricular
septum, which occurs with large infarcts, a papillary rupture
occurs with a relatively small infarct (approximately in half
of the cases). Up to half of the patients may be burdened
by single-vessel disease.’® The diagnosis of choice is 2D
Echocardiography with Doppler and Color Flow Imaging.
Therefore, an echocardiogram should be done promptly on
any suspected patient because hemodynamic deterioration
can happen rapidly. Mitral regurgitation caused by the
rupture of a papillary muscle can be easily recognized by
Color Flow Doppler Imaging, which is particularity helpful
in distinguishing acute mitral regurgitation from a VSD in
the setting of STEMI.

Figure 8. Modified two-dimensional echocardiogram in the apical two-

chamber view, depicting the rupture of a posteromedial papillary muscle

(arrow) in a patient who recently had a posterior myocardial infarction

Echocardiography can also differentiate between a
papillary muscle rupture and other, generally less severe,
forms of mitral regurgitation that occur with STEMIL.*
The LV function is hyperdynamic, as a result of the severe
regurgitation into the low-impedance LA; this finding alone,
in a patient with severe congestive heart failure, should hint
at the diagnosis.®® TTE is often suboptimal for evaluation
because the papillary muscles views are often limited, the
mitral regurgitation jet is eccentric, and Color Doppler is
influenced by the low LV/LA gradient in acute severe mitral
regurgitation. TEE is a particularly appropriate imaging
modality and should be carried out immediately if this
diagnosis is suspected because it provides high resolution
images and accurate assessment of mitral regurgitation.*® The
LA is often normal in size.* In severe mitral regurgitation,
the mitral valve leaflet is usually flail or prolaptic.*

Pericardial Effusion and Tamponade

The incidence of post-infarction pericardial effusion as

detected by 2D Echocardiography is reported to be from
30-40% in patients with STEMI. The amount of effusion is
minor, and the peak time for effusion to occur is three days
after the infarction. The resolution is slow; effusion may
still be present six months after the infraction. Pericardial
effusion occurs more frequently in patients who have had
ananterior MI and in those with heart failure. The cause of
pericardial effusion is epicardial inflammation. Tamponade
is rare in an uncomplicated MI. Larger effusion or effusion
with a hemorrhagic appearance should always be considered
a myocardial rupture.*->?

Infarct Expansion and True Aneurysm Formation

Infarct expansion is defined as the acute thinning of
the ventricular wall with aneurysmal dilation, occurring
twenty-four to seventy-two hours after a transmural MI. It
represents an acute remodeling phenomenon and carries
significant prognostic implications. This complication is not
seen in a non-transmural MI. The diagnosis of the infarct
expansion is made through echocardiography, showing
a typical aneurysmal bulge of the myocardium without a
dense scar. The wall consists of a necrotic myocardial tissue
only 3-5 mm in thickness (rather than the normal 8-10 mm),
which is the antecedent of the majority of the mechanical
complications of MIL.#

Figure 9. Modified two-dimensional echocardiogram in the apical four-

chamber view, showing the rupture of an anterolateral papillary muscle

(arrow) in a patient who recently had a lateral myocardial infarction

True aneurysms complicate transmural infarction and are
caused by the dilatation of an area of scar. An aneurysm is
defined as the deformation of both the diastolic and systolic
LV contours with dyskinesis in systole (Figure 9). TTE is
a sensitive tool for the diagnosis; nonetheless, when the
aneurysm involves a small part of the apex or the basal
anterolateral wall, occasional false negatives may occur.
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Scar formation requires approximately six weeks. Aneurysm
formation is a poor prognostic sign and is associated
with congestive heart failure, arrhythmias, and thrombus
formation.*® Mostly, a true aneurysm has a relatively wide
mouth, communicating with the aneurismal cavity, compared
with a narrow neck observed in a pseudoaneurysm.*

LV aneurysms generally range from 1-8 cm.
Echocardiography is 93% sensitive and 94% specific for
the detection of LV aneurysms, but cardiac catheterization
remains the standard for establishing the diagnosis.

Left Ventricular Thrombi

Before the reperfusion era, ventricular thrombi were
reported in 25-40% of patients after an anterior MI. They
were frequently reported with anteroapical MI and relatively
extensive areas of abnormal wall motion. LV thrombus
formation occurs in the regions of blood stasis (most
commonly in the apex), but it may also be seen within
aneurysms at the lateral and inferior walls. The peak timing of
early thrombus formation is seventy-two hours; nevertheless,
in larger MIs with large areas of akinesis and stagnant flow,
thrombus formation tends to occur even within hours. Certain
echocardiographic characteristics (pedunculated and mobile
thrombi) are associated with higher risk of embolization.
TTE remains the imaging modality of choice and is 92%
sensitive and 88% specific for detecting LV thrombi. TEE
may not be able to visualize the apex as clearly as TTE®* #
(Figures 10 and 11).

Intravenous sonicated albumin microbubbles, as left-
heart contrast agents, which enhance the definition of the
LV border definition and quality of the image may have
indications in patients with suspected LV thrombi and poor
image views and also for ruling out the other etiologies of
chest pain such as hypertrophic cardiomyopathy.

Figure 10. Two-dimensional echocardiogram in the parasternal long-axis

view, demonstrating a large true aneurysm in the left ventricle apex (arrow)

in a patient who had a relatively old anteroapical myocardial infarction

Figure 11. Modified two-dimensional echocardiogram in the apical two-

chamber view, revealing a large left ventricular apical clot (arrow) following

a recent anterior myocardial infarction

Acute Dynamic Left Ventricular Outflow Tract
Obstruction

A dynamic LV outflow tract obstruction is an uncommon
complicationofanacuteanterior STEMI, as was firstdescribed
in a case report by Bartunek and associates.>* The occurrence
of a dynamic LV outflow obstruction has been reported in
numerous reports; still, its true incidence is not obvious, in
spite of the fact that it may be significantly unrecognized. It
is dependent on the compensatory hyperkinesis of the basal
and mid segments of the LV in patients with apical infarcts.
The increased contractile force of these regions decreases the
cross-sectional area of the LV outflow tract. The resulting
increased velocity of the blood through the outflow tract
can produce a decreased pressure below the mitral valve
and lead to the anterior displacement of the leaflet toward
the septum (Venturi effect). This creates a further outflow
tract obstruction as well as mitral regurgitation because of
the systolic anterior motion of the anterior mitral leaflet. It
has been postulated that this complication can play a role
in a free wall rupture secondary to increased end-systolic
intraventricular pressure.

Echocardiography is the method of choice for the diagnosis
and accurately reveals the hyperkinetic segment and the LV
outflow tract obstruction as well as the systolic anterior
motion of the mitral leaflet (Figure 12).%-5

Post-Infarction Pericarditis
Post-infarction pericarditis most often occurs between

three and ten days in the wake of a Q wave MI with a mean
incidence of 25% and is less common when thrombolytic
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therapy has been employed.?> An echocardiogram is often
ordered in patients in whom pericarditis is suspected. No
echocardiographic feature is diagnostic of the disease.
Echocardiography is a sensitive technique for the diagnosis
of pericardial effusion along with pericarditis; the absence of
fluid, however, does not exclude pericarditis.*

Figure 12. Two-dimensional echocardiogram in the apical four-chamber

view, showing left ventricular outflow tract obstruction and systolic anterior
motion after an acute anterior myocardial infarction
LV, Left ventricle; SAM, Systolic anterior motion; LA, Left atrium

Post-myocardial Risk

Stratification

Infarction

Left Ventricular Remodeling

After a transmural MI, alterations in the LV structure and
function bring about the progressive dilation of the LV and
the impairment of the systolic function, which is commonly
referred to as LV remodeling. As the LV dilates and becomes
more spherical, the LVEF reduces, and the papillary muscles
are displaced more apically and laterally, permitting a
significant rise in the degree of mitral regurgitation, all of
which result in the exacerbation of heart failure and a rise in
the mortality rate.

The early phase of LV remodeling consists primarily of
infarct expansion and is only limited to the infarct zone,
whereas in the late phase, which may persist for several
months, the entire myocardium is liable to change. The
magnitude and duration of the remodeling are determined
not only by the size and location of the initial infarct, but
also by the patency and restoration of the flow in the infarct-
related artery and the ability to form stable scars.>* >’

Echocardiography provides crucial information for
predicting ventricular remodeling and functional recovery,
LV size and volume, regional wall motion abnormality,

10

myocardial viability, LV filling pressures, severity of mitral
regurgitation, and systolic pulmonary artery pressure.

Ischemic Mitral Regurgitation

Functionalmitral regurgitation occurs when the leaflets
and chordae are relatively normal, but systolic coaptation
and apposition of the leaflets are lessened®” *® (Figure 13).
In patients with coronary artery disease, the posterior leaflet
motion in systole is restricted or tethered secondary to
the inadequate contraction of the posterolateral wall. The
resulting malcoaptation and malapposition is allied to a
posteriorly directed mitral regurgitation jet.®-** The dilation
of the mitral annulus also may contribute to the development
of mitral regurgitation. In patients with ischemic heart
disease, functional mitral regurgitation is associated
principally with an inferior MI and the lateral displacement
of the posterior papillary muscle.’® It is also worthy of note
that significant ischemic mitral regurgitation is correlated
with a poor outcome.*

Figure 13. Illustration of the mechanism of functional mitral regurgitation.

Echocardiographic images in the parasternal long-axis view at end-systole
in a patient with dilated cardiomyopathy and severe mitral regurgitation.
The mitral annulus plane is indicated by the line. Notice that the leaflets are
“tented” at end-systole in the patient with dilated cardiomyopathy, with a
greater distance between the annulus plane and leaflet closure line (arrow)
LV, Left ventricle; LA, Left atrium

Stress Echocardiography

Echocardiography is a valuable tool for the assessment of
the cardiac structure and function in patients with coronary
artery disease. Regional wall motion abnormalities correlate
well with the significant stenosis of the coronary arteries;
this becomes more evident during stress.

Another supplement to the routine exercise stress test is
Stress Echocardiography. Stress(exerciseorpharmacological)
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Echocardiography can be employed to demonstrate the
presence of coronary artery disease by the induction of wall
motion abnormalities. Stress Echocardiography enhances
our interpretation of the Exercise Stress Test and has been
utilized for the evaluation of the functional importance of
coronary artery disease® and for risk stratification in patients
with known or suspected coronary disease.

Both exercise and pharmacologic stress echocardiographic
examinations are well accepted and well tolerated by patients.
Stress Echocardiography is suitable for symptomatic
patients with an intermediate pretest probability of coronary
artery disease and contraindication to regular treadmill stress
testing.

Choosing the type of a stress test is based upon the
patient’s ability to perform the exercise protocol, presence
of baseline electrocardiographic abnormalities that could
interfere with the interpretation of the exercise ECG,
preoperative risk stratification prior to non-cardiac surgery,
and whether or not we want to localize ischemia or assess
myocardial viability. Still, many patients are unable to
exercise maximally for stress testing due to a variety of
conditions, including arthritis, severe lung disease, severe
cardiac disease, orthopedic conditions, and diseases of the
nervous system. In such patients, pharmacological stress
testing is often employed.

Dobutamine  Stress  Echocardiography  for
Evaluation of Hibernating Viable Myocardium

Echocardiography is wuseful for the evaluation of
myocardial viability and the demonstration of the magnitude
of recovery after revascularization. Pharmacological Stress
Echocardiography examines the «inotropic reserve» of
the dysfunctional but viable myocardium through the
administration of an inotropic agent. (Dobutamine is
the most frequently used agent.) In response to inotrope
administration, the viable myocardium exhibits an improved
global or regional contractile function (inotropic reserve),
which is assessed via simultaneous TTE.% For a contractile
response to Dobutamine, at least 50% of the myocytes in
a segment should be viable.”” In patients with chronic
coronary artery disease and LV dysfunction, Sadeghian et
al.® suggested that a higher degree of myocyte functional
integrity was required for a positive inotropic response to
adrenergic stimulation than that responsible for Tc99m-
Sestamibi uptake.®®

Conclusion

Echocardiography is an accurate tool for the evaluation of
patients with known or suspected coronary artery disease.
Every patient should be evaluated clinically for pretest
probability of coronary artery disease and risk of future

cardiac events. Patients with intermediate and high pretest
probability could potentially benefit from testing for either
diagnosis or prognosis.
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