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Stress echocardiography: its emerging role
in identifying viable myocardium

CURTIS M. RIMMERMAN, MD

BEEETUNE  Stress echocardiography is an emerging technique

for identifying viable myocardium in patients with left ven-
tricular systolic dysfunction or myocardial infarction.

An enhancement in systolic wall thickening when

low doses of dobutamine are infused indicates the myocardial
segment is viable.  Dobutamine echocardiography is safe
and readily portable and produces images immediately avail-
able for interpretation and clinical decision-making.

Dobutamine echocardiography will likely play a larger role
in guiding coronary revascularization; however, larger studies
are needed to fully define its role.
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HEN a patient pre-
sents with an abrupt
coronary occlusion,
urgent intervention
with thrombolysis or angioplasty is
indicated to restore perfusion and
prevent infarction. However, once
the myocardium is already dam-
aged, the therapeutic decision is
less clear-cut. In a patient with
chronic ischemia and systolic dys-
function, or in a patient who still
has poor perfusion after undergo-
ing thrombolysis for a myocardial
infarction, one would like to know
whether damaged myocardium is
still viable, and whether, therefore,
the patient would actually benefit
from revascularization. There is
now emerging evidence that stress
echocardiography with dobu-
tamine might supply this informa-
tion. However, further study is
needed to define the role of this
test in these situations. This paper
will review information to date.

BACKGROUND

Noninvasive cardiac testing is
playing a prominent and emerging
role in diagnosing ischemic heart
disease and in guiding its manage-
ment. The goal of testing is to as-

JULY e« AUGUST 1995 CLEVELAND CLINIC JOURNAL OF MEDICINE 235

Downloaded from www.ccjm.org on July 21, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

b4

' STRESS ECHOCARDIOGRAPHY M RIMMERMAN '

sess myocardial blood flow by directly observing
myocardial function during stress. This is readily
accomplished by coupling echocardiography with
exercise. Alternatively, it can be accomplished by
infusing dobutamine, dipyridamole, or adenosine, a
method now used clinically to detect inducible re-
gional myocardial dysfunction. Abnormal test re-
sults suggest the presence of a hemodynamically sig-
nificant epicardial coronary artery obstruction.

Coronary artery disease and subsequent myocar-
dial ischemia and infarction are regional processes.
Further, during an acute myocatdial infarction, the
left ventricular ejection fraction is often unaffected
and is therefore misleading, given the compensatory
hyperkinesis of the noninfarcted regions. Thus, left
ventricular systolic dysfunction is most accurately
reflected in regions or territories, generally ascribed
to, one of the three major epicardial coronary arter-
ies. Since myocardial ischemia and infarction result
in reduced myocardial systolic wall thickening,
echocardiography is well suited to visually assess
these conditions.

- Myocardial “stunning” (reversible systolic dys-
function following ischemia of the left ventricle) is
a separate entity that stress echocardlography can
help identify. Stunning represents a sublethal injury
resulting from transient interruption of myocardial
blood flow;! as seen in patients with successful reper-
fusmn after thrombolysis. (Myocardial “hiberna-
tion,” in contrast, reflects chronic ischemia.) The
myocardial dysfunctlon is generally regional, corre-
sponding to the myocardial territory perfused by the
involved coronary artery. During the acute phase,
reversible and irreversible myocardial injury appear
similar on echocardiography, with reduced systolic
thickening at rest, near-normal resting diastolic wall
thickness, and no evidence of the myocardial thin-
ning and scarring typically seen with chronic in-
farction. ’

- However, the time course of myocardial scar de-
velopment as seen on echocardiography is unclear.
In dogs, coronary occlusion lasting less than 20 min-
utes does not result in myocardial necrosis, but it
does produce prolonged (but reversible) dysfunction
in the segment supplied by that artery.”* After
thrombolysis, it is important to identify viable
stunned myocardium and to differentiate it from
irreversibly infarcted myocardial tissue; doing so
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helps clatify if a patient may need urgent revascu-
larization. When appropriately applied, urgent re-

vascularization attenuates ongoing ischemia and

therefore reduces the severity of postischemic dys-
function.

Myocardial stunning is also frequently observed
during exercise echocardiography. However, when a
patient exhibits regional, stress-induced, systolic
myocardial dysfunction, the abnormality often per-
sists well into the recovery phase of testing. This
represents inadequate oxygen delivery during a pe-
riod of elevated oxygen requirements, suggesting on-
going myocardial ischemia vs myocardial stunning.

Mechanisms of stunning

Many mechanisms have been proposed for myo-
cardial stunning, including the generation of oxy-
gen-derived free radicals during ischemia, excita-
tion-contraction uncoupling due to dysfunction of
the sarcoplasmic reticulum, and calcium overload.”
Myocardial stunning is probably multifactorial and
involves each of these mechanisms to some degree.

Bolli et al® have proposed that postischemic left
ventricular dysfunction may be the result of the
myocardium’s inability to generate enough high-en-
ergy phosphates to sustain contractile function.
However, 1mproved contractile function, as ob-
served during inotrope infusion, suggests the myo-
cardium can still generate adenosine triphosphate
(ATP) and is viable. Several studies"™™ have ad-
dressed the inotropic reserve of postischemic myo-
cardium after both single and multiple short-term
coronary occlusions and a period of reperfusion.
Each study has documented a significant increase in
systolic wall thickening during inotrope infusion.
Thus, experimentally stunned myocardium pos-
sesses considerable functional reserve, and there-
fore, inability to generate ATP is not a likely cause
of ischemic dysfuriction.

Detecting viable but stunned myocardium

In a myocardial segment abnormal at rest, re-
gional improvement in wall thickening during ino-
trope infusion indicates viability. Ellis and col-
leagues'? administered dopamine to mongrel dogs
after 2 hours of coronary artery ligation. Myocar-
dium subjected to ischemia followed by reperfusion
contracted poorly. However, it responded to ino-
tropic stimulation by dopamine at both 1 and 24
hours after reperfusion. The investigators concluded
that dopamine stimulates the reperfusion-salvaged
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(but noncontracting) myocardium to contract as
early as 1 hour after reperfusion.

Pierard and colleagues® compared the results of
dobutamine echocardiography and positron emis-
sion tomography (PET) in identifying viable myo-
cardium in 17 patients after myocardial infarction
and thrombolytic therapy. Regional glucose uptake
and perfusion (as determined by PET) and regional
systolic thickening at rest and during intravenous
dobutamine infusion (as assessed by echocardiogra-
phy) were compared in corresponding left ventricu-
lar segments. Of the 11 patients in whom PET dem-
onstrated the presence of viable myocardium, 10
also exhibited viable tissue on echocardiography
during infusion of dobutamine. During the acute
phase of myocardial infarction, myocardial segments
that remained akinetic or dyskinetic during dobu-
tamine infusion demonstrated no return of contrac-
tile function on follow-up. On the other hand, myo-
cardial segments in which systolic wall thickening
improved during dobutamine infusion were likely to
have returned to normal when assessed several
months later.

Subsequently, Barilla et al** investigated the sen-
sitivity of low-dose (5 to 10 pg/kg/minute) dobu-
tamine echocardiography 4 + 2 days after the onset
of symptoms of an acute anterior myocardial in-
farction. All 21 patients had residual high-grade
stenosis of the left anterior descending (LAD) ar-
tery. Myocardial segments that were dyskinetic, aki-
netic, or severely hypokinetic were assessed echo-
cardiographically for improvement in myocardial
wall thickening. Twenty patients demonstrated
transient segmental improvement in myocardial
wall thickening with dobutamine. In patients who
underwent revascularization, function had recov-
ered at 5 + 3 days after revascularization almost to
the level seen with dobutamine infusion before re-
vascularization; at 40 + 15 days, this group had sig-
nificantly better function than the group that un-
derwent medical treatment only. Patients with
non-Q-wave infarctions had greater improvement
in regional myocardial function than did patients
with Q-wave infarctions, leading the authors to
conclude that patients with non-Q-wave myocat-
dial infarction and patients who have undergone
thrombolytic therapy have areas of noncontractile
but viable myocardium that can be identified by
low-dose dobutamine infusion.

Smart et al*® performed multistage dobutamine
stress echocardiography within 7 days of throm-
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bolytic therapy to determine whether dobutamine-
responsive wall motion accurately detects reversible
postischemic dysfunction irrespective of infarct lo-
cation. Four weeks after myocardial infarction, rest-
ing echocardiography was repeated: improved wall
motion within the infarct zone was identified as
reversible dysfunction. Independent indicators of
reversible ischemic dysfunction were non-Q-wave
myocardial infarction and infarct-zone wall motion
that responded to low-dose dobutamine infusion.
Dobutamine-responsive wall motion during any
stage of dobutamine echocardiography was very spe-
cific for reversible dysfunction but was sensitive only
at low doses. Non-Q-wave myocardial infarction
and a low peak creatine phosphokinase (CPK) con-
centration were also specific but less sensitive. Of
the patients who underwent revascularization, 77%
demonstrated dobutamine-responsive wall motion
preoperatively, which predicted the extent of recov-
ery. In the patients who did not undergo revasculari-
zation, dobutamine-responsive wall motion pre-
dicted the extent of recovery with 97% accuracy.

An equally important and more challenging
clinical problem is encountered when attempting to
establish myocardial viability in the setting of de-
pressed myocardial function. Frequently, this occurs
after myocardial infarction, in particular, after
thrombolytic agents have been administered. This
raises the specter of “incomplete infarction,” which
may be manifested by areas of viable myocardium in
the infarct-related artery territory that may or may
not contract. Thus, we need a test that will reliably
distinguish irreversible myocardial dysfunction (ie,
myocardial scar) from depressed but reversible
postischemic dysfunction, thereby assisting in pa-
tient selection for myocardial revascularization.

Early studies demonstrated that reversal of wall-
motion abnormalities with inotropic stimulation or
nitroglycerin predicts recovery of left ventricular
function after revascularization.’®* It was formerly
believed that persistent left ventricular systolic dys-
function at rest was caused by irreversible myocar-
dial necrosis. However, the concept of myocardial
hibernation, proposed by Rahimtoola,” suggests
that resting left ventricular systolic dysfunction is a
normal response of the heart to a chronic low-
blood-flow state, in essence redefining and normal-
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izing the balance of myocardial oxygen supply and
demand.

Hibernating myocardium has since been repeat-
edly demonstrated clinically, eg, in patients with left
ventricular dysfunction at rest and diffuse coronary
artery disease who undergo successful surgical revas-
cularization and experience improvement in left
ventricular systolic function. As another example, a
patient with regional myocardial dysfunction due to
an advanced but localized epicardial coronary artery
stenosis may improve after percutaneous translumi-
nal coronary angioplasty. These are common, every-
day occurrences. However, a reliable test is needed
to detect myocardial hibernation. Such a test could
be performed before angioplasty or revascularization
to predict which patients would benefit from these
procedures.

Cigarroa et al* performed dobutamine echo-
cardiography in 49 consecutive patients with mul-
tivessel coronary artery disease and depressed left
ventricular function. Twenty-five of these patients
underwent successful myocardial revascularization.
Nine of 11 patients in whom contractility improved
during dobutamine infusion before revascularization
demonstrated improved systolic wall thickening af-
terward. In contrast, 12 of 14 patients in whom
contractility did not improve during dobutamine
infusion before revascularization did not improve
afterward. From these results, it was concluded that
dobutamine stress echocardiography identifies hi-
bernating myocardium and predicts the recovery of
segmental left ventricular function after coronary
revascularization. However, after longer periods of
coronary occlusion, when myocardial necrosis was
documented, Mercier and colleagues? found no im-
provement in systolic wall thickening after reperfu-
sion either spontaneously or in response to inotropic
infusion.

Most recently, La Canna et al® performed low-
dose dobutamine echocardiography in 33 patients
with angiographically proven coronary artery disease
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and persistent left ventricular systolic dysfunction
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