
Cardiovascular Drugs and Therapy 1994;8:371-380 
© Kluwer Academic Publishers, Boston. Printed in U.S.A. 

Left Ventricular Dysfunction 
Hibernation in Patients 

due to Stunning and 

R. Ferrari,  1 G. La  Canna,  1 R. GiubbinL 2 
E. Milan,  2 C. CeconL 3 F. de Giuli, 3 P. Berra,  1 
O. Alfieri, 4 and  O. Visioli 1 
ZCattedra di Cardiologia, Universita degli Studi di Brescia, Brescia, 
Italy; 2Divisione di Medicina Nucleare, Spedali Civili, Brescia, 
Italy; 3Fondazione Clinica del Lavoro di Pavia. Centro di 
Fisiopatologia Cardiovascolare "'Salvatore Maugeri'" Gussago, 
Brescia, Italy; 411 Divisione di Cardiochirurgia, Spedali Civili, 
Brescia, Italy 

Summary. Left ventricular dysfunction is in most cases the 
consequence of  myocardial ischemia. It may occur tran- 
siently during an attack of  angina and usually it is reversible. 
It  may persist over hours or even days in patients after an 
episode of  ischemia followed by reperfusion, leading to the 
so-called condition of s tunning.  In patients with persistent 
l imitation of  coronary flow, left ventricular dysfunction may 
be present over months and years, or indefinitely in subjects 
with fibrosis, scar formation, and remodeling after myocar- 
dial infarction. I= owever, chronic left ventricular dysfunc- 
t ion does not mean permanent or irreversible cell damage. 
I= ypoperfused myocytes can remain viable but  akinetic.  This 
type of  dysfunction has been called hibernating myocardium. 
The dysfunction due to hibernation can be partially or com- 
pletely restored to normal  by reperfusion. It is, therefore, 
important to cl inical ly  recognize a hibernating myocardium. 
In the present article we evaluate stunning and hibernation 
with respect to cl inical decision making and, when possible, 
we refer to our ongoing clinical experience. 
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The  commonest cause of ventricular dysfunction is 
coronary artery disease [1]. Dysfunction may be of 
short duration in patients with stable angina, last 
hours or even days in patients with unstable angina 
or after an episode of ischemia followed by reperfu- 
sion, or be prolonged over months or years in patients 
with persistent limitation of coronary flow or indefi- 
nitely in patients with fibrosis, scar formation, and 
remodeling after myocardial infarction. Severe yen- 
tricular dysfunction leads to the syndrome of heart 
failure, which is a progressive condition in which fur- 
ther damage to the heart may occur from increased 
afterload, fluid retention, or remodeling. 

The recognition that ventricular dysfunction does 
not mean permanent or irreversible cell damage is of 
clinical relevance. It introduces a new diagnostic and 

therapeutic challenge for the clinician when facing pa- 
tients with left ventricular dysfunction in which revas- 
cularization has already occurred or is considered 
beneficial. Thus, reversible dysfunction occurring in 
particular clinical circumstances and in selected ex- 
perimental models has been given the names of stun- 
ning and hibernation. This is useful shorthand, as it 
helps to understand the concept, but it might also give 
rise to confusion. Table 1 reports the most important 
differences between stunning and hibernation. 

The purpose of the present article is to review the 
available information regarding the occurrence of re- 
versible left ventricular dysfunction in humans and 
to report, when available, our clinical experience and 
diagnostic approach. It is impossible to discuss this 
topic without referring to the concepts of stunning and 
hibernation. Therefore, as a working hypothesis, we 
will first try to provide a definition of these terms, 
which is essential to avoid confusion, and then discuss 
the different clinical conditions in which ventricular 
dysfunction may occur. This article will not address 
the pathogenesis, pathophysiology, and therapy of 
these conditions, which have recently been reviewed 
elsewhere [2-4]. 

V e n t r i c u l a r  D y s f u n c t i o n  d u e  to 
M y o c a r d i a l  S t u n n i n g  

Stunning defines a transient left ventricular dysfunc- 
tion that persists after reperfusion despite the ab- 
sence of irreversible damage and despite restoration 
of normal or near normal coronary flow [2,5]. It is 
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Table 1. Differences between stunning and hibernation 

Stunning Hibernation 

Concept Experimental model 
Left ventricular function Depressed 
Coronary flow Normal 
Reversibility Spontaneous 
Occurrence On reperfusion after ischemia 

Clinical condition After cardiac surgery, thrombolysis, AMI, 
exercise-induced ischemia, unstable an- 
gina, coronary spasm 

Clinical observation 
Depressed 
Reduced 
Upon reperfusion 
On chronic ischemia or after repetitive 

ischemia 
After angina, AMI, severe valvular dis- 

ease, and idiopathic cardiomyopathy 

implicit in this definition that (a) stunning is a tran- 
sient, fully reversible abnormality provided that suf- 
ficient time is allowed for recovery; (b) stunning is a 
mild, sublethal injury that must be kep~t distinct from 
the irreversible damage occuring in myocardial in- 
farction; (c) stunned myocardium has a normal or near 
normal coronary flow (Table 1). Thus, the hallmark of 
this condition is the presence of a flow-function "mis- 
match," with normal flow but abnormal function. This 
is quite in contrast to the other forms of reversible 
myocardial dysfunction, such as ischemia and hiber- 
nation, in which depressed flow and function are 
matched. 

A clear definition is certainly desirable and impor- 
tant, but its application to the clinical condition is of- 
ten problematic. Diagnosis of stunning in patients 
would require demonstration of two major points: 
(a) the contractile abnormality is reversible with time; 
(b) the dysfunctional myoeardium has normal or near 
normal coronary flow [6]. This implies that it is possi- 
ble to measure with accuracy regional myocardial 
function and blood flow in humans. The resolution of 
the available techniques utilized for these purposes 
(contrast ventriculography, radionuclide angiogra- 
phy, two-dimensional echocardiography, positron 
emission tomography), however, is not comparable to 
that obtainable with sonomicrometry and radioactive 
microspheres in experimental animals. 

To fulfill the second point, before making a defini- 
tive diagnosis of stunning the physician should allow 
sufficient time for the myocardium to recover. This, 
in turn, suggests that in general myocardial stunning 
is a well-tolerated condition and that its diagnosis is 
important retrospectively for the better appreciation 
of the effects of reperfusion, but does not imply a deci- 
sionmaking process for clinical management of the pa- 
tient, basically because the myocardium is already re- 
perfused. It could be argued that in some high-risk 
situations stunning can become dangerous. Therefore, 
stunning should be recognized and treated with posi- 
tive inotropic interventions and/or agents increasing 
preload or decreasing afterload [7]. Dramatic cases 
illustrating this point have been recently reported [9- 
16]. In clinical practice stunning is dangerous when 

the degree and extent of the left ventricular dysfunc- 
tion is associated with ~a low output syndrome. Under 
these circumstances, however, therapy with inotropic 
and afterload-reducing agents is a common approach, 
independent of the diagnosis of stunning. 

It has been suggested that recognition of stunning 
may be important in high risk conditions (such as 
thrombolysis after acute myocardial infarction and re- 
perfusion after cardiac surgery or transplantation) 
because the physician could try to prevent it from 
occurring [6]. Experimentally, stunning can be pre- 
vented by calcium antagonists administered before 
ischemia [17,18] or by antioxidants given just before 
reflow [2]. At present, no controlled clinical data on 
the efficacy of those therapies are available. It is also 
essential to identify the "high risk conditions" that 
need to be treated in order to avoid unnecessary ther- 
apy in a vast population for the benefit of a few pa- 
tients. 

L e f t  V e n t r i c u l a r  D y s f u n c t i o n  d u e  to 

Repetitive Stunning 
It has been shown that patients with coronary artery 
disease experience recurrent episodes of ischemia, of- 
ten silent, in the same territory [19,20]. The myocar- 
dium is not able to recover completely between the 
frequent episodes and its function remains persis- 
tently depressed [6]. Often recurrent ischemia is a 
consequence of recurrent coronary artery spasm 
[20,21]. Thus, some of the chronic alterations in re- 
gional function that have been ascribed to hibernation 
could, in fact, be caused by stunning, resulting from 
repetitive episodes of ischemia [6]. Recently Bol et al. 
[22], using quantitative emission tomography, have 
observed that myocardial perfusion in collateral- 
dependent dysfunctioning regions without overt in- 
farction is similar to that measured in hearts without 
dysfunction. This observation supports the view that 
at least a proportion of hibernating regions may be 
dysfunctioning because of repeat stunning. 

We believe that for clinical decisionmaking it is use- 
ful to obtain a series of information, besides the dis- 
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tinction whether the dysfunctioning myocardium is 
stunned or hibernating. First, it is important to estab- 
lish whether the dysfunctioning myocardium is viable 
or not, and whether it is normally perfused or hypo- 
perfused. Second, it is useful to test the contractile 
reserve of the akinetic myocardium. Third, and per- 
haps more importantly, it is essential to establish by 
coronary angiography whether the perfusion defect 
is susceptible to interventional or pharmacological 
correction. All this information will allow the correct 
management of the left ventricular dysfunction, inde- 
pendent of whether it is the result of stunning or hi- 
bernation. 

However, at least as a working hypothesis, for the 
present discussion and for future research, we believe 
that, in general, it is important to distinguish between 
left ventricular dysfunction due to stunning or to hi- 
bernation. In both cases the dysfunction is reversible. 
This is certainly encouraging and clinically relevant. 
Thus, the major difference is that blood flow is normal 
or near normal in stunned myocardium, whereas it is 
reduced in hibernating myocardium (Table 1). 

There are numerous clinical conditions in which the 
myocardium is subjected to transient ischemia fol- 
lowed by reperfusion. These include spontaneous re- 
perfusion after coronary artery spasm, unstable an- 
gina, exercise-induced ischemia, acute myocardial 
infarction with early reperfusion, angioplasty, open 
heart surgery with cardioplegic arrest, and cardiac 
transplantation. In all these conditions the occurrence 
of postischemic left ventricular dysfunction or stun- 
ning has been demonstrated or, at least, suggested. 
An excellent critical review of the problem is avail- 
able [6]. 

Left Ventricular Dysfunction After 
Angioplasty and Resolution of 
Coronary Artery Spasm 

In our experience, left ventricular dysfunction after 
percutaneous transluminal coronary angioplasty 
(PTCA) or after resolution of coronary artery spasm 
(Prinzmetal's angina) is a rare phenomenon. This 
probably is in relation to the extremely short period 
of regional ischemia occurring under these conditions. 
The available evidence agrees that reperfusion in the 
setting of PTCA or of Prinzmetal's angina is well tol- 
erated and usually does not cause postischemic sys- 
tolic dysfunction [23-28]. Angioplasty may induce dia- 
stolic abnormalities resulting in a transient decrease 
of left ventricular compliance [29,30]. This abnormal- 
ity, however, is well tolerated. 

Left Ventricular Dysfunction After 
Exercise-Induced Angina 

Studies with two-dimensional echocardiography after 
treadmill testing suggest the occurrence of left ven- 

tricular dysfunction persisting after the resolution of 
chest pain and of the electrocardiographic abnormali- 
ties [31,32]. The degree of the wall motion abnor~ 
malities seems to be correlated to the intensity and 
duration of exercise, the severity and extension of 
coronary artery disease, and sympathetic stimulation 
[33]. These observations have been extended only to 
30 minutes after exercise. It follows that the abnor- 
realities could be the consequence of subendocardial 
ischemia rather than to a classical stunning and, in 
any case, seem to be well tolerated [34]. 

These results have not been confirmed by studies 
using radionuclide angiography, which have failed to 
demonstrate left ventricular dysfunction beyond the 
first 5 minutes after exercise [35-37]. We have at- 
tempted to approach this topic by determining the 
changes in ventricular volumes at rest and after exer- 
cise by using 99 mTc-sestamibi SPECT in a group of 
129 consecutive patients studied by stress-rest with 
sestamibi imaging to exclude coronary artery disease 
[38]. 

Regional uptake of the radiotracer refers to re- 
gional blood flow at the time of injection which, in our 
study, was performed at baseline and at peak exer- 
cise. The acquisition, however, was obtained 2 hours 
after sestamibi administration, following exercise. In 
this way we had the opportunity to evaluate the per- 
sistence of postischemic ventricular dilatation, which, 
in turn, is an indirect index of stunning. In our pa- 
tients with coronary artery disease (110 out of the 
initial 129), we could not detect significant enlarge- 
ment of external left ventricular volume in comparison 
with a group of normal subjects, suggesting that stun- 
ning is not a common phenomenon when analyzed 2 
hours after exercise testing. When present, however, 
it has imp0~rtant prognostic implication as a reflection 
of severe and extensive coronary artery disease. 

Left Ventricular Dysfunction After 
Acute Myocardial Infarction and 
Unstable Angina 

The studies assessing recovery of left ventricular 
function in acute myocardial infarction after thrombol- 
ysis and/or PTCA uniformly suggest a delayed im- 
provement after reperfusion [39-43]. The precise time 
course of recovery of myocardial function is not estab- 
lished, although most of the improvement is likely to 
take place within the first 7.-10 days after infarction 
[40,44]. Interestingly, the severity of the residual 
stenosis appears to be an important determinant of 
the rate of recovery after thrombolytic therapy, 
suggesting that the dysfunction could also be due to 
persistent subendocardial ischemia or hibernation 
[45,46]. 

From our experience in 105 cases of intracoronary 
thrombolysis [47,48], it is clear that the degree of re- 
gional postischemic left ventricular dysfunction is also 
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Fig. 1. Recovery of percentage shortening of hypokinetic areas immediately after or at 3 weeks after successful thrombolysis. Rela- 
tion to the duration of ischemia. Left ventricular ejection fraction was determined by left ventricular angiography [47]. Results 
are expressed as mean +- SEM. 

related to the duration of the ischemic period, as early 
recovery of percentage segmental area change after 
reperfusion (3 hours) was higher in those patients re- 
ceiving the thrombolytic agent within 1 hour from the 
onset of typical chest pain (Figure 1). 

Postischemic left ventricular dysfunction is also 
likely to occur in patients with acute myocardial in- 
farction who have not been treated with thrombolysis 
or PTCA, as coronary reperfusion may occur sponta- 
neously. Similarly, stunning is likely in patients with 
unstable angina, as this syndrome is caused b~ tran- 
sient episodes of severe ischemia and reperfusion, not 
associated with irreversible damage [49]. Both these 
conditions have been associated with reversible wall 
motion abnormalities, which could reflect reversible 
postischemic left ventricular dysfunction [50,51]. 
However, the same abnormalities could also be caused 
by hibernation, ongoing silent ischemia, or both. Un- 
fortunately, appropriate controlled studies monitoring 
the time course of the ventricular dysfunction and cor- 
onary flow are still lacking. 

During acute myocardial infarction it is not uncom- 
mon to observe ventricular dysfunction, which, in 
turn, causes a mitral incompetence. Transient admin- 
istration of a positive inotropic agent causes a clear 
and sustained improvement of ventricular function 
with resolution of the valvular dysfunction and im- 
provement of global ejection fraction. A typical exam- 
ple recorded by Doppler echocardiography is reported 
in Figure 2. It is worthwhile to recall here that admin- 

istration of dobutamine at a dose of 10 ~g/kg did not 
cause further ischemia, suggesting that the dysfunc- 
tioning myocardium retained an important contractile 
reserve and, most likely, was well perfused. 

L e f t  V e n t r i c u l a r  Dysfunction A f t e r  

O p e n  H e a r t  S u r g e r y  

There is a general consensus that a transient depres- 
sion of myocardial function is common after cardiopul- 
monary bypass [52-55]. Probably the surgeons were 
aware of this possibility long before the description of 
stunning, because they often successfully used cal- 
cium or positive inotropic agents to stimulate those 
hearts having difficulty in recovering after reperfu- 
sion despite the absence of evidence of myocardial ne- 
crosis. Most likely, the stunning is consequent on a 
period of global and total ischemia. This type of ven- 
tricular dysfunction is reversible within 24-48 hours 
in most cases. We have demonstrated that, as in the 
case of thrombolysis, the dysfunction is related to the 
duration of the previous ischemic period and to 
the degree of oxidative stress occurring on reperfu- 
sion [56,57] (Figure 2). 

It has been suggested that postsurgical stunning in 
subgroups of high risk patients with poor preopera- 
rive ventricular function, prolonged aortic cross- 
clamping time, or with unstable angina before surgery 
could have adverse effects on morbidity and mortality 
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Fig. 2. Recovery of cardiac output after surgery for coronary artery bypass in relation to the duration of global ischemia (clamp- 
ing). CPB = coronary pulmonary bypass. Results are expressed as mean ++_ SEM. 

[6]. Clear, controlled data, however, are not available. 
If we define stunning as a reversible condition, it is 
difficult to accept this concept. Probably the high op- 
erative risk of such patients is related to the higher 
incidence of irreversible damage during the operation. 
Interestingly, it has also been suggested, particularly 
after surgery when the patient is hospitalized and 
resting in bed, that stunning could represent a normal 
reparative process, beneficial for the patient [58]. A 
slow recovery in function will, in fact, reduce ener- 
getic demand of the myocardium and allow complete 
recovery of metabolism and restoration of high energy 
stores. 

Finally, stunning could also develop in the course 
of cardiac transplantation as the heart is subjected to 
prolonged ischemia followed by reperfusion. There is 
considerable and largely anecdotal evidence that car- 
diac function is reversibly depressed in the first hours 
or days after transplantation, but controlled studies 
have not been performed. 

V e n t r i c u l a r  D y s f u n c t i o n  

d u e  t o  H i b e r n a t i o n  

Hibernation presents as chronic left ventricular re- 
gional dysfunction. The condition arises from pro- 
longed myocardial hypoperfusion in which myocytes 

remain viable but contraction is depressed [1,59]. The 
dysfunction can be partially or completely restored to 
normal if the myocardial oxygen supply is favorably 
altered by improving blood flow with reperfusion and/ 
or by reducing demand [1]. On imaging the heart, the 
dysfunction presents as areas of left ventricular wall 
that may be hypokinetic, akinetic, or dyskinetic. 

It is implicit in this definition that hibernation: 
(a) is a chronic, reversible abnormality, provided that 
coronary flow is restored (in th E case of ischemic heart 
disease) o oxygen demand iFreduced (in the case of 
chronic left ventricular overload); (b) represents a via- 
ble myocardium, showing residual contractile and cor- 
onary flow reserve, which must be distinguished from 
the irreversibly damaged tissue present after myocar- 
dial infarction [60,61]; and (c) has a moderately re- 
duced coronary flow. Thus the hallmark of this condi- 
tion is a "matching" reduction in both flow and 
function [62]. 

The diagnosis of hibernation is clinically relevant 
because it may have diagnostic and therapeutic impli- 
cations, particularly in patients with coronary artery 
disease. In such patients, differentiation of viable 
from nonviable myocardium is important, as regional 
and global left ventricular function due to hibernation 
will improve after revascularization, and this is associ- 
ated with improved survival [60,62,63]. 

It follows that the true clinical gold standard for 
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BEFORE AFTER DOBUTAMINE 

BEFORE AFTER CABG 

Fig. 3. Intraoperative epicardial echocardiography end-systolic frames of a left ventricular short axis view before (A) and after 
(B) dobutamine infusion with clear improvement of th e anterior and septal baseline akinesia. In C and D is shown a study of the 
same patient before (C) and immediately after (D) coronary artery bypass. The immediate improvement of the same segments is 
evident. 
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hibernation is the improvement in systolic function of 
dysfunctional myocardial segments after revascular- 
ization. Such a retrospective standard, however, is 
insufficient. An accurate prospective diagnosis of pa- 
tients with potentially reversible left ventricular dys- 
function is essential for identification of ideal candi- 
dates for revascularization procedures. Variables for 
identifying viable but dysfunctional myocardium at 
present under consideration are preserved metabolic 
activity as detected with positron emission tomog- 
raphy (using 18F-fluorodeoxyglucose or 11C-acetate); 
thallium redistribution using exercise-redistribution 
or rest-redistribution protocols; uptake of thallium us- 
ing a reinjection protocol in patients with irreversible 
defects on exercise-redistribution studies; and en- 
hanced regional wall motion using low dose dobuta- 
mine echocardiography [4,64]. 

Chronic Left Ventricular Dysfunction 
due to Ischemic Heart  Disease 

Many groups approached the problem of establishing 
the reversibility of resting left ventricular dysfunction 
in the 1970s. At that time we performed dynamic ven- 
triculography before and after K-strophanthin admin- 
istration [65,66]. Digitalis was found to have different 
actions on asynergic areas: improvement in some, 
worsening in others, and little or no action on normo- 
kinetic areas [66]. We concluded that improvement of 
asynergic segments could be related to the presence 
of a viable myocardium, while paradoxical systolic mo- 
tion would suggest the presence of frank fibrosis or 
acute ischemia. 

Rahimtoola was the first to clearly show that ab- 
normal left ventricular function at rest may be due to 
chronic, painless, persistent severe myocardial isch- 
emia and that the dysfunction may be reversible upon 
reperfusion [67,68]. Two years later he used the term 
hibernating myocardium [69]. Thereafter several 
studies~have shown that recovery of left ventricu- 
lar function after revascularization occurs in a large 
subset of patients, confirming that many asynergic 
regions represent viable, hibernating myocardium 
[70-75]. 

In our ongoing experience, it is possible ~to detect 
the combination of a viable myocardium (determined 
by thallium rest-redistribution) with a preserved con- 
tractile reserve (determined by low-dose dobutamine 
echocardiography) in approximately 85% of patients 
with coronary artery disease and chronic left ventricu- 
lar dysfunction [75-77]. These patients showed an im- 
mediate early recovery after reperfusion (detected by 
intraoperative echocardiography), which was con- 
firmed at discharge from hospital and in the conse- 
quent follow-up at 6 months. A typical example of re- 
covery of left ventricular function before and after 
dobutamine infusion and after coronary artery bypass 
surgery detected by intraoperative echocardiography 

is shown in Figure 3. The early recovery of contractile 
function immediately after revascularization is sur- 
prising as one would expect that stunning should oc- 
cur after reperfusion of the hibernating myocardium 
[78-80]. Similar data have been previously obtained 
by Topol et al. [81]. In our case the early recovery on 
reperfusion can be explained considering the severe 
inclusion criteria utilized and the fact that all patients 
had a positive test for contractile reserve, which, in 
turn, seems to be a good predictor of early recovery 
on reperfusion [77]. 

Chronic Left Ventricular Dysfunction 
due to Other Etiologies 

It has been suggested that reversible chronic left ven- 
tricular dysfunction might occur in patients with di- 
lated congestive cardiomyopathy of unknown etiology 
and without coronary artery disease [1,82,83]. We 
found that patients with idiopathic cardiomyopathy 
with no history of myocardial ischemia might have a 
positive rest-redistribution thallium test, suggesting 
a viable, but underperfused myocardium. Further 
studies, however, are needed to clarify this topic. 

Equally, patients with severe valvular disease, 
such as aortic stenosis and/or regurgitation, might 
have chronic left ventricular dysfunction, which is re- 
versible after administration of afterload~reducing 
agents and surgical correction of the valvular defect. 
As this pathology in its advanced stage is associated 
with relative myocardial ischemia despite normal cor- 
onary anatomy, it is conceivable that the chronic dys- 
function due to left ventricular overload is worsened 
by the relative hypoperfusion. Resolution of overload 
might ameliorate left ventricular performance directly 
or by optimizing the ratio between oxygen demand 
and supply. Therefore, chronic hypoperfusion could 
be the potential mechanism of the left ventricular dys- 
function in these subjects. 
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