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Introduction

The myocardial viability concept is
based on two different situations: the
stunned myocardium is a post-ischemic,
mechanical dysfunction that persists after
reperfusion, but it is a reversible condi-
tion1,2; the second condition, the hibernat-
ing myocardium, is a persistently impaired
myocardial and ventricular function at rest,
due to a chronically reduced coronary
blood flow, which may be restored3 after
adequate reperfusion therapy4-8.

Since the concept of stunned9,10 and hi-
bernating myocardium2,11-13 has been intro-
duced, several methods of distinguishing
viable from irreversibly injured myocardi-
um have been proposed in the attempt to se-
lect patients with coronary artery disease
who could benefit from revascularization
strategies8,14,15.

Positron emission tomography, which
permits the simultaneous assessment of

perfusion and metabolism, is considered
the best technique for the detection of vi-
able myocardium, but its high costs limit its
application in clinical practice16-19. Actual-
ly, the most used technique for the evalua-
tion of myocardial viability is low-dose
dobutamine stress echocardiography
(LDDSE)20-23. Dobutamine-induced sys-
tolic thickening in asynergic myocardial
segments is indicative of viability. The sen-
sitivity of this technique varies from 75 to
80%, while the specificity ranges from 80
to 85%24,25. Coronary perfusion may be de-
tected by using a contrast agent injected in-
travenously. In the past, the necessity of in-
jecting, to obtain myocardial perfusion im-
ages, contrast agents directly into the coro-
nary arteries confined the use of this tech-
nique to the catheterization laboratory26.

With the development of intravenous
agents27 and of new ultrasound imaging
modalities, such as harmonic imaging28, it
is possible to perform myocardial contrast
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Background. Successful reperfusion therapy in patients with acute myocardial infarction (AMI)
improves survival. Indeed, after AMI myocardial dysfunction may be reversible (hibernating or
stunned myocardium). Low-dose dobutamine stress echocardiography (LDDSE) provides us with the
possibility of evaluating viable myocardial segments, while myocardial contrast echocardiography
(MCE) allows the study of the microcirculation in the same myocardial areas. The aim of our study
was to compare LDDSE and MCE, in the prediction of the recovery of segments in patients with AMI
who were submitted to primary coronary angioplasty (PTCA).

Methods. We studied 14 patients with AMI. Both LDDSE and MCE with Levovist were performed
after primary PTCA. The viability gold standard was a recovery of contractility detected at echocar-
diography 2 months later.

Results. For LDDSE, the sensitivity was 91%, the specificity 71% and the positive and negative
predictive values were 93 and 64% respectively. For MCE, the sensitivity was 94%, the specificity
44%, the positive predictive value 89%, and the negative predictive value 59%. Two tests agreed
in 81% of the cases. Stress echocardiography and contrast echocardiography agreed in 81% of
cases.

Conclusions. LDDSE has a very good positive accuracy, it has an acceptable negative predictive
value and is relatively cheap. On the other hand, MCE has a good positive accuracy, but a low nega-
tive accuracy and carries a high cost. The integration of these two tests, which are too expensive in
clinical practice, could improve our comprehension of the post-PTCA pathophysiology.
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echocardiography (MCE) without the need of intra-
coronary microbubble injection29,30.

The aim of this study was to compare LDDSE to
MCE in the assessment of myocardial viability in pa-
tients with acute myocardial infarction (AMI) submit-
ted to primary coronary angioplasty (PTCA).

Methods

Fourteen consecutive patients (12 males, 2 females,
mean age 64 years) admitted to our institution with
AMI were included in the study. Their clinical data are
illustrated in table I.

Eight patients had anterior or anteroseptal AMI, 2
patients had acute anterolateral infarction, and 4 pa-
tients had inferior or inferolateral AMI. All the patients
were submitted to primary PTCA within 6 hours of
symptom onset. In 4 patients with multivessel disease,
revascularization was not complete.

After primary PTCA all the patients were submitted
to echocardiographic examination using an HP Sonos
5500 machine (Hewlett Packard, Andover, MA, USA)
equipped with a multifrequency 2.4-4 MHz probe.

All patients, 4 days after primary PTCA, were sub-
mitted to dobutamine stress echo, with an incremental
dose of 5, 10, 20 �g/kg/min until a heart rate which did
not exceed the resting heart rate by more than 10% was
reached. All the patients were off �-blocker agents.

The left ventricular segments were considered vi-
able when an improvement from hypokinesis to normal
or from akinesis to hypokinesis was observed.

After washout, the patients underwent MCE with
intravenous injection of Levovist in microboli of 0.5 ml
alternated to continuous infusion. In 5 min a total dose
of 5 ml was injected. The perfusion images were ana-

lyzed using power-angio Doppler, while the gain was
reduced to below 50 dB to minimize artifacts, and the
depth of the ultrasound waves was increased. The end-
systolic trigger interval was chosen by positioning the
cursor on the apex of the T wave of the ECG or by mea-
suring the systolic interval on the M-mode of the aortic
valve.

The images were analyzed every 3, 4 or 5 cycles de-
pending on the heart rate of the individual patient. Pa-
tients maintained the same position and they were in-
vited to avoid deep breathing. All the apical images
were recorded in order to analyze the perfusion in all
segments. The perfusion images were stored on optical
disk. The segments which were adequately opacified
by the contrast medium were considered well perfused;
poor perfusion was defined as inhomogeneous, delayed
or absent opacification (Figs. 1 and 2).

All the patients were revaluated 2 months later at
transthoracic echocardiography. A 1 grade improve-
ment of the wall motion in single segments was con-
sidered as a sign of viability (akinesis → hypokinesis or
hypokinesis → normokinesis).

The sensitivity, specificity and positive and negative
predictive values of both stress echo and contrast echo
were calculated on the basis of the improvement in the
wall motion detected 2 months after AMI (taken as the
gold standard for viability).

Results

A total of 224 ventricular segments were evaluated
with LDDSE, while 218 segments could be examined
with MCE. For 6 segments of the lateral wall, the poor
quality of the images did not allow adequate evaluation
of the perfusion.
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Table I. Demographic and clinical data of the study population.

Patient Sex Age Diagnosis Coronarography PTCA Stent Untreated coronary artery
(years)

MO M 77 Anterior AMI LAD II, 1 cAD, RCA II * *
RL M 56 Anterior AMI LAD II * *
LC M 57 Inferior AMI LAD II, RCA II * *
AP M 55 Anteroseptal AMI LAD II * *
RR M 53 Anterior AMI LAD II * * 1 cCx 70%
UP M 68 Inferior AMI Cx I * RCA II 100%, OM II 75%, LAD I 75%
BL M 57 Inferolateral AMI RCA I * *
PN F 70 Anterolateral AMI LAD II * *
BM M 58 Anterior AMI LAD II, Cx II * *
CE M 63 Anterior AMI LAD I, II, 1 cLAD * *
RG M 67 Anterior AMI LAD II * *
BB M 76 Inferior AMI RCA I Failed LAD I 90%
ML F 63 Anterolateral AMI LAD III, 2 cLAD, RCA II * *
AS M 72 Anterior AMI LAD II * * RCA II 75%

AMI = acute myocardial infarction; cLAD = diagonal collateral of LAD; Cx = circumflex coronary artery; cCx = diagonal collateral of
Cx; LAD = left anterior descending coronary artery; OM = obtuse marginal; PTCA = coronary angioplasty; RCA = right coronary
artery. * operative procedure. I = proximal tract; II = mean tract; III = distal tract.



Of 224 segments examined at LDDSE after PTCA,
165 improved during dobutamine infusion and 17 did
not; altogether, 182 segments showed recovery at fol-
low-up. Of 42 segments which did not improve after 2
months, 12 had shown recovery of motion during dobu-
tamine infusion and 30 did not. The sensitivity was
91% while the specificity was 71%. The positive pre-
dictive value was 93%, the negative predictive value
64% (Table II).

Of 191 segments which showed signs of reperfusion
after PTCA, 20 did not show recovery of wall motion at
follow-up, while of 27 segments with poor or absent
perfusion in the acute phase, 11 improved and 16 did
not show any change 2 months later. The sensitivity of
the perfusion study was 94%, while the specificity was
44%. The positive predictive value was 89%, while the
negative predictive value was 59% (Table III).

In 177 segments (81%) of 218 segments studied
with both methods, the viabilities as assessed by stress
echo and perfusion were concordant in predicting re-
covery of wall motion.

As reported in table IV, the two tests were not con-
cordant for 41 (19%) segments.

The results of MCE were compared with those of
coronary angiography after PTCA (Table V). Twenty-
two perfused segments at MCE depended on coronary
arteries with critical stenosis which were not treated at
the time of primary PTCA. Twenty-nine segments did
not show perfusion although the related coronary ar-
teries were open. Of these, 25 segments were supplied
by coronary arteries successfully opened at PTCA, and
4 by normal coronary arteries. The perfusion study had
a sensitivity of 84% and a specificity of 31% in pre-
dicting coronary artery patency. The positive predic-
tive value was 88% and the negative predictive value
26%.

Discussion

With the observation that hypokinetic or akinetic
myocardium could recover its contractility after revas-
cularization, Braunwald and Rutherford11 and Pierard
et al.25 introduced the concept of stunned and hibernat-
ing myocardium. They demonstrated that myocardium
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Figure 1. Myocardial contrast echo in a normally perfused left ventricle. Figure 2. Myocardial contrast echo showing poor perfusion in the left
ventricular apical segments.

Table II. The diagnostic accuracy of low-dose dobutamine echo-
cardiography.

Stress echo+ Stress echo- Total

Follow-up+ 165 17 182
Follow-up- 12 30 42
Total 177 47 224

Sensitivity 91%; specificity 71%; positive predictive value 93%;
negative predictive value 64%.

Table III. The diagnostic accuracy of myocardial contrast echo-
cardiography.

Perfusion+ Perfusion- Total

Follow-up+ 171 11 182
Follow-up- 20 16 36
Total 191 27 218

Sensitivity 94%; specificity 44%; positive predictive value 89%;
negative predictive value 59%.



which had lost its contractile function is not always
necrotic and may recover its function after adequate
reperfusion.

The concept of viable myocardium had an impor-
tant impact in clinical practice, promoting research on
methods able to identify myocardial segments which
could benefit from reperfusion. The observation that vi-
able myocardium can show a transitional contractile re-
covery after inotropic drug administration, led to the in-
troduction of LDDSE in the evaluation of myocardial
viability25. LDDSE is a low-cost, non-invasive, simple
method, easy to perform in every hospital with a coro-
nary care unit; therefore it constitutes the first choice
test for the assessment of myocardial damage due to
AMI. The sensitivity of this method in exploring viable
myocardium is usually tested by evaluating the long-
term recovery of the myocardium20.

The technologic advancements of echocardiograph-
ic equipment and the introduction of contrast agents
able to pass through the pulmonary circulation and to
opacify the myocardium through the coronary circula-
tion after injection in a peripheral vein, has initiated the
era of contrast echocardiography27,28,31. A myocardial
segment which shows perfusion after the injection of a
contrast agent following AMI treated with primary
PTCA, should be viable32,33.

The aim of our study was to compare echo-dobuta-
mine versus echocontrastography for the assessment of
myocardial viability in patients admitted to hospital for
AMI, who underwent primary PTCA. The results were
compared to the recovery of the myocardium as assessed
2 months later at basal transthoracic echocardiography.

As observed in previous studies20, our results con-
firm that echo-dobutamine has a high sensitivity. We

found a sensitivity of 91%, which is limited by a speci-
ficity of 71%. Echocontrastography had a sensitivity of
94% and a specificity of 44%.

From our results it is clear that echo-dobutamine,
having a low cost and a good sensitivity, may be the
best test for the evaluation of the viability of stunned
myocardium. On the other hand, contrast echocardiog-
raphy has a high cost and a low specificity that, as far
as the viability of the myocardium is concerned, limit
its use.

The two tests coincided in viability assessment in
81% of cases. In the remaining 19% of cases (only 41
segments; Table IV) the two tests yielded contrasting
data. However, by integrating stress echo, contrast
echocardiography and coronarography, we should be
able to formulate a pathophysiological profile for each
myocardial segment.

As described in table IV, several hypotheses were
formulated to explain particular situations. Group A
had akinetic and non-viable segments that were well
perfused and showed wall motion recovery at follow-
up examination and was hence considered as stunned
myocardium. Group B had both akinetic, non-viable
segments with no perfusion at MCE that improved at
follow-up and was considered as microcirculatory re-
covery. Group C had akinetic segments that were viable
and well perfused but remained akinetic at follow-up
examination and was hence defined as persistently
stunned myocardium. Group D had non-perfused but
viable segments that remained akinetic at follow-up
and was considered as hibernating myocardium. One
patient of group E had normal wall motion and viable
and well perfused segments that became akinetic at fol-
low-up. This was attributed to later microcirculatory
damage. Group F, with normal, viable but non-perfused
segments was considered as false negative. Finally,
group G with persistent akinesia in viable and perfused
segments was explained as a mismatch between perfu-
sion and viability.

Probably the group A and C segments were both
stunned: group A only in the acute phase, but with ex-
cellent recovery at a distance, while group C segments
remained stunned after 2 months.

For segments of group B, an improvement in mi-
crocirculatory function after the tests, as suggested by
some studies which indicate that the evaluation of via-
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Table V. Comparison of the results of contrast echocardiography
and angiography.

Perfusion+ Perfusion- Total

Patent coronary artery 157 29 186
Stenotic coronary artery 22 10 32
Total 179 39 218

Sensitivity 84%; specificity 31%; positive predictive value 88%;
negative predictive value 26%.

Table IV. Comparison of stress echocardiography and contrast echocardiography: non-concordant segments and diagnostic hypothesis.

Group No. segments Basal echo Stress echo Contrast echo Follow-up Hypothesis

A 8 (3.7%) Akinetic Not viable Perfused Recovery Stunned myocardium
B 9 (4.1%) Akinetic Not viable Not perfused Recovery Microcirculation recovery
C 9 (4.1%) Akinetic Viable Perfused Akinetic Stunned myocardium
D 2 (0.9%) Normal Viable Not perfused Akinetic Hibernated myocardium
E 1 (0.46%) Normal Viable Perfused Akinetic Later microcirculatory damage
F 2 (0.9%) Normal Viable Not perfused Recovery Real false negative of contrast
G 10 (4.6%) Akinetic Viable Perfused Akinetic Mismatch perfusion/viability



bility after PTCA should be performed later than 8
days, could be supposed.

Segments viable during stress echo but unperfused
at echocontrastography did not recover at follow-up
(group D): they could be hibernated.

In the group E segment probably irreversible dam-
age of the microcirculation developed later.

At this stage too many limits influence the clinical
application of contrast echocardiography technology.
Indeed, the perfusion of the left ventricular lateral wall
segments is not easily visualized at echocontrastography
because of intrinsic problems of the technique. This was
the problem with group F segments. On the other hand,
10 segments of group G showed the limits of echocon-
trastography as a marker of viability. The perfusion may
not be synonymous of viability: in fact, a reduced flow
could be shown in reperfused but necrotic areas.

A limit of the comparison between echocontrastog-
raphy and coronarography is that perfusion of the sin-
gle myocardial segments was correlated with the epi-
cardial coronary arteries in accordance with the “clas-
sical” distribution pattern; this pattern, however, pre-
sents wide individual variations. Bearing these limits in
mind, echocontrastography appeared relatively sensi-
tive (84%) in the identification of coronary patency, but
poorly specific (31%). In fact, 29 segments judged as
unperfused were actually revascularized by an open
epicardial coronary artery. Twenty-five of them (86%)
belonged to a revascularized coronary artery and the
poor perfusion could be partially attributed to microcir-
culation damage (no-reflow phenomenon).

Another 4 sectors (14%) are supplied by normal
vessels; therefore they should be considered as false
negative results.

As above mentioned, the specificity of echocon-
trastography in identifying coronary patency is very
low, about 31%. In 22 segments, there was myocardial
perfusion despite critical coronary stenosis. It is proba-
ble that those areas were perfused in basal conditions
and that they became ischemic only during stress.

In conclusion, only LDDSE should be used in clin-
ical practice for the assessment of myocardial viability.
MCE may detect the no-reflow areas in the evaluation
of coronary patency34,35, but has a poor specificity in es-
timating viability. The integration of tests identifies a
pathophysiological profile for each myocardial seg-
ment. This may be used to derive diagnostic and prog-
nostic indications.

But which are the costs for this integrated ap-
proach? LDDSE requires two doctors, a trained nurse
for 45 min, a specialized echocardiograph, an electro-
cardiograph, a defibrillator, an infusion pump and a
low-cost drug (Dobutrex,  12,76). On the other hand,
MCE investigation requires one doctor, a trained nurse
for half an hour, a new generation echocardiograph,
and an expensive drug (Levovist,  206,58).

The combination of the two techniques is too ex-
pensive for uncomplicated cases in which PTCA is per-

formed. Perhaps in patients with multivessel disease,
after an emergency PTCA, both techniques could help
cardiologists in programming subsequent interven-
tions.

MCE is a test in an evolving stage29,30. Probably, the
development of newer contrast agents and software al-
lowing continuous myocardial perfusion analysis will
allow for the application of this technique in other clin-
ical settings.

References

1. Braunwald E, Kloner RA. The stunned myocardium: pro-
longed postischemic ventricular dysfunction. Circulation
1982; 66: 1146-9.

2. Bolli R. Myocardial “stunning” in man. Circulation 1992;
86: 1671-91.

3. Rahimtoola SH. The hibernating myocardium. Am Heart J
1989; 11: 211-21.

4. The GUSTO Investigators. An international randomized tri-
al comparing four thrombolytic strategies for acute myocar-
dial infarction. N Engl J Med 1993; 10: 673-82.

5. Effectiveness of intravenous thrombolytic treatment in
acute myocardial infarction. Gruppo Italiano per lo Studio
della Streptochinasi nell’Infarto Miocardico (GISSI).
Lancet 1986; 1: 397-402.

6. A clinical trial comparing primary coronary angioplasty
with tissue plasminogen activator for acute myocardial in-
farction. The Global Use of Strategies to Open Occluded
Coronary Arteries in Acute Coronary Syndromes (GUSTO
IIb) Angioplasty Substudy Investigators. N Engl J Med
1997; 336: 1621-8.

7. Lundergan CF, Ross AM, McCarthy WF, et al, for the GUS-
TO-I Angiographic Investigators. Predictors of left ventric-
ular function after acute myocardial infarction: effects of
time to treatment, patency, and body mass index: the GUS-
TO-I angiographic experience. Am Heart J 2001; 142: 43-
50.

8. Patil CV, Nikolsky E, Boulos M, Grenadier E, Beyar R.
Multivessel coronary artery disease: current revasculariza-
tion strategies. Eur Heart J 2001; 22: 1183-97.

9. Bolli R. Basic and clinical aspects of myocardial stunning.
Prog Cardiovasc Dis 1998; 40: 477-516.

10. Trevi GP, Sheiban I. Lo stunning miocardico durante angio-
plastica coronarica: significato e rilevanza clinica. Cardio-
logia 1996; 41: 427-33.

11. Braunwald E, Rutherford JD. Reversible ischemic left ven-
tricular dysfunction: evidence for the “hibernating my-
ocardium”. J Am Coll Cardiol 1986; 8: 1467-70.

12. Rahimtoola SH. Concept and evaluation of hibernating my-
ocardium. Annu Rev Med 1999; 50: 75-86.

13. Wijns W, Vatner SF, Camici PG. Hibernating myocardium.
N Engl J Med 1998; 339: 173-81.

14. Sheiban I, Fragasso G, Lu C, Tonni S, Trevi GP, Chierchia
SL. Influence of treatment delay on long-term left ventricu-
lar function in patients with acute myocardial infarction
successfully treated with primary angioplasty. Am Heart J
2001; 141: 603-9.

15. Randomised trial of late thrombolysis in patients with sus-
pected acute myocardial infarction. EMERAS (Estudio
Multicentrico Estreptoquinasa Republicas de America del
Sur) Collaborative Group. Lancet 1993; 342: 767-72.

16. Tillisch J, Brunken R, Marshall RC, et al. Reversibility of
cardiac wall motion abnormalities predicted by positron to-
mography. N Engl J Med 1986; 314: 884-8.

M Morello et al - Myocardial viability

534

Ital Heart J Vol 5 July 2004



17. Camici PG, Rimoldi O. Blood flow in myocardial hiberna-
tion. Curr Opin Cardiol 1998; 13: 409-14.

18. La Canna G, Rahimtoola SH, Visioli O, et al. Sensitivity,
specificity, and predictive accuracies of non invasive tests,
singly and in combination, for diagnosis of hibernating my-
ocardium. Eur Heart J 2000; 21: 1358-67.

19. Bonow RO. Identification of viable myocardium. Circula-
tion 1996; 94: 2674-80.

20. Previtali M. Myocardial viability in ischemic heart disease:
new directions and perspectives. Ital Heart J 2001; 2: 93-9.

21. Smart SC, Sawada S, Ryan T, et al. Low-dose dobutamine
echocardiography detects reversible dysfunction after
thrombolytic therapy of acute myocardial infarction. Circu-
lation 1993; 88: 405-15.

22. Previtali M, Poli A, Lanzarini L, et al. Dobutamine stress
echocardiography for assessment of myocardial viability
and ischemia in acute myocardial infarction treated with
thrombolysis. Am J Cardiol 1993; 72: G124-G130.

23. Pierard L, Hoffer E. Role of stress echocardiography in
heart failure. Am J Cardiol 1998; 81: 111G-114G.

24. Bax JJ, Cornel JH, Visser FC, et al. Prediction of recovery of
myocardial dysfunction after revascularization. Comparison
of fluorine-18 fluorodeoxyglucose/thallium-201 SPECT,
thallium-201 stress-reinjection SPECT and dobutamine echocar-
diography. J Am Coll Cardiol 1996; 28: 558-64.

25. Pierard LA, De Landsheere CM, Berthe C, Rigo P, Kulber-
tus HE. Identification of viable myocardium by echocardio-
graphy during dobutamine infusion in patients with my-
ocardial infarction after thrombolytic therapy: comparison
with positron emission tomography. J Am Coll Cardiol
1990; 15: 1021-31.

26. Main ML, Grayburn PA. Clinical applications of transpul-
monary contrast echocardiography. Am Heart J 1999; 137:
144-53.

27. Crouse LJ, Cheirif J, Handly DE, et al. Opacification and
border delineation in sub-optimal stress echocardiograms
using the new left heart contrast agent SHU 508 A. Int J
Card Imaging 1994; 10: 45-51.

28. Rubin DN, Yazbek N, Homa D, et al. Why does tissue har-
monic imaging improve image quality: a quantitative exam-
ination demonstrating side-lobe suppression. (abstr) J Am
Coll Cardiol 1998; 32: 127A.

29. Cheng SC, Dy TC, Feinstein SB. Contrast echocardiogra-
phy: review and future direction. Am J Cardiol 1998; 81:
41G-48G.

30. Rubin DN, Thomas JD. New imaging technology: mea-
surement of myocardial perfusion by contrast echocardiog-
raphy. Coron Artery Dis 2000; 11: 221-6.

31. DeFilippi CR, DuWayne LW, Irani WN, et al. Comparison of
myocardial contrast echocardiography and low-dose dobuta-
mine stress echocardiography in predicting recovery of left
ventricular function after coronary revascularization in
chronic ischemic heart disease. Circulation 1995; 92: 2863-8.

32. Meza MF, Ramee S, Collins T, et al. Knowledge of perfu-
sion and contractile reserve improves the predictive value of
recovery of regional myocardial function postrevasculariza-
tion. Circulation 1997; 96: 3459-65.

33. Bolognese L, Antoniucci D, Rovai D, et al. Myocardial con-
trast echocardiography versus dobutamine echocardiogra-
phy for predicting functional recovery after acute myocar-
dial infarction treated with primary coronary angioplasty. J
Am Coll Cardiol 1996; 28: 1677-83.

34. Ito H, Tomooka T, Sakai N, et al. Lack of myocardial per-
fusion immediately after successful thrombolysis. Circula-
tion 1992; 85: 1699-705.

35. Eeckhout E, Kern MJ. The coronary no-reflow phenome-
non: a review of mechanisms and therapies. Eur Heart J
2001; 22: 729-39.

M Morello et al - Myocardial viability

535

Ital Heart J Vol 5 July 2004


