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INTRODUCTION 

"At present, the identification of viable myocardium is only one factor that enters into 

the equation to recommend or not recommend revascularization in the patient with 

impaired left ventricular function. As in any other patient with coronary artery disease, 

this decision should also be based on clinical presentation, coronary anatomy, left 

ventricular function, and evidence of inducible ischemia" 

(Robert O Bonow, in 1) 

When facing dangerous environmental situations, most animal species react with a 

sympathoadrenergic "fight or flight" activation; others - like the opossum - react with a 

vagal sympathoinhibitory discharge, or "playing dead" reaction, which in this way 

discourages possible predators. The myocardium reacts to dangerous situations with an 

opossum-like behavior. In several "altered myocardial states" (ischemia, hibernation, 

stunning), when the local supply-demand balance of the cell is critically endangered, the 

cell minimizes energy expenditure used for development of contractile force (accounting 

at rest for about 60% of the high energy phosphates produced by cell metabolism) and 

utilizes whatever is left for the maintenance of cellular integrity. The echocardiographic 

counterpart of this cellular strategic choice is the regional asynergy of viable segments. 

The depressed function is undistinguishable from infarction state (1): but, differently 

from necrosis, the segmental dysfunction can be transiently normalized by the proper 

inotropic stimulus. 

A blurred transition zone exists between the fully reversible ischemia and the ischemia 

lasting more than 15-20 minutes invariably associated with necrotic phenomena. Within 

this gray zone, ischemia is too short to cause myocardial necrosis but long enough to 

induce a persistent contractile dysfunction - lasting for hours, days and even weeks -

after the restoration of flow: the so called myocardial stunning (2). The stunned 

myocardium is different from "hibernated" myocardium, in which myocardial perfusion 

is chronically reduced (for months or years), but remains beyond the critical threshold 

indispensable to keep the tissue viable - although with depressed performance. While in 

the stunned myocardium a metabolic alteration causes an imbalance between energy 

supply and produced work (2), the hibernating myocardial cell adapts itself to a 

chronically reduced energy supply, and its survival is guaranteed by a reduced or 
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abolished contractile function (4-6). Rahimtoola referred to the hibernating heart as a 

"smart heart" (6), appropriately down-regulating its biochemical and physiological 

activity as an act of self preservation aimed at ensuring the long-term survival of the 

anatomical and physiological integrity of its constituent cardiac cells. 

The persistent but reversible post-ischemic dysfunction was initially an experimental 

observation - described by Heyndrix and later popularized with the successful term of 

myocardial stunning by Braunwald in 1982 (3). Conversely, myocardial hibernation was 

a clinical impression - copyrighted by a cardiac surgeon, Rahimtoola, to describe hearts 

with severely depressed resting preoperative function spectacularly recovering following 

revascularization (fig 1 .)(4). 

PREOPERATIVE 

Single vessel disease - Occluded LAD 

Conlrol post NTG 

LVEOV = 15$ ml 
c r . 37 tVEPV - '01 nl 

EF - 0 5t 

End diastole 

End systole 

8 MONTHS POSTOPERATIVE 

Patent Coronary Bypass 
Graft to LAD 

LVFOV - 104 ml 
t r - 0 7 6 

F i g u r e 1. P a r a d i g m a t i c ven t r i cu log raphy o f a pa t i en t wi th lef t anter ior d e s c e n d i n g c o r o n a r y ar tery ( L A D ) 
o c c l u s i o n and h ibe rna t ing m y o c a r d i u m . E igh t m o n t h s a f t e r revascu la r iza t ion , r eg iona l con t rac t i l e func t ion 
a n d ven t r i cu la r e j ec t ion fraction ( E F ) a r e r e s to red to no rma l . L V E D V , left ven t r i cu la r end-d ias to l i c 
v o l u m e . [F rom R a h i m t o o l a (4) . ] 

Many years after the initial description of Rahimtoola, we still lack a convincing 

experimental model of the hibernating myocardium. Whilst myocardial stunning might 

be referred to as a laboratory phenomenon in search of clinical manifestation, 

hibernation would seem to be a clinical condition in search of a good laboratory model 

(7). 
Although their separation is clear-cut from the conceptual and pathophysiologic 

viewpoint, stunning and hibernation are sometimes undistinguishable in the clinical 

setting. They can coexist in the same patient in space (with islands of hibernated and 

stunned tissue interspersed with necrotic and/or normal cells) and in time (with early 
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phenomena of acute stunning progressively leading to chronic hibernation, as it may 

occur after an acute myocardial infarction with critical residual stenosis of the infarct 

related artery). What is clinically important is the separation between asynergic viable 

and asynergic but necrotic segments. 

The clinical cardiologist can address this issue with a variety of imaging techniques, 

including nuclear and echocardiography methods. The markedly hypokinetic or akinetic 

region, which is the target of our diagnostic efforts of recognition of myocardial 

viability can have a continuous spectrum of damage, from mild to irreversible. The 

different diagnostic probes sample different markers of viability cascade. If a function is 

strictly essential to cell survival - for instance, cell membrane integrity - it will be lost 

only for advanced, close to irreversible, degrees of damage. Conversely, other 

functions, such as functional response to low level inotropic stimulation, indicate that 

the damage is limited, and the segment is highly likely to recover. The hibernation has 

different depth, like sleep stages, which correspond to different progressive levels of 

myocardial damage and decreasing chances of detecting a prompt functional recovery 

upon revascularization (1,5,1.). 
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THE PATHOPHYSIOLOGY OF THE HYBERNATING MYOCARDIUM 

1. Clinical scenarios with chronic hibernation 

Hibernation over months or years (chronic hibernation), as initially proposed by 

Rahimtoola (6), is a state of chronic contractile dysfunction in patients with coronary 

artery disease that is fully reversible upon reperfusion and can only be inferred from 

clinical studies. Clinical syndromes consistent with the existence of myocardial 

hibernation include unstable and stable angina (7-11), acute myocardial infarction (7, 

12-13), left ventricular dysfunction and/or congestive heart failure (14, 15), and the 

anomalous left coronary artery from the pulmonary artery (ALCAPA) syndrome (16-18). 

Not surprisingly, data on the prevalence of hibernating myocardium in patients with 

coronary artery disease are scanty. This is primarily due to the fact that the concept is 

relatively new and is not even unanimously accepted. Research groups that are more 

active in the field have developed their own, customized diagnostic and therapeutic 

approach to hibernation, and there is certainly a positive selection bias in groups with an 

interest in hibernation. Consequently, to increase objectivity, the diagnosis of 

hibernation should always be confirmed retrospectively by a documented improvement 

in ventricular function after revascularization. Unfortunately, unless and until validated 

standardized procedures for the recognition of dysfunctional but still viable myocardium 

are made routinely available, it will be almost impossible to obtain data on the 

prevalence and relevance of hibernation inpatients with coronary artery disease. 

With these caveats in mind, based on the existing data, it appears that hibernation may 

be more common in unstable than in stable angina (6). In 41 patients studied 5-21 days 

after an acute myocardial infarction, 78% had reduced regional contractile function and 

blood flow, associated with increased glucose uptake (perfusion-metabolism mismatch) 

in at least one myocardial area on PET scanning, indicative of hibernating myocardium, 

and 32% of these patients had a large area of perfusion-metabolism mismatch (19). 

Likewise, 69% of patients with an acute myocardial infarction had a further reduction in 

the perfusion deficit using technetium sestamibi tomography between 5 week and 
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7 months after the infarction, associated with improved wall motion and suggestive of 

hibernating myocardium (20). 

In a group of 50 coronary bypass surgery candidates with a severe left anterior 

descending artery stenosis or occlusion with or without regional dysfunction, a principal 

component analysis identified 18 patients (i.e., 36%) with hibernating myocardium, 

characterized by low regional ejection fraction, moderately decreased resting flow, and, 

most importantly, significant recovery after revascularization (21). In patients with 

myocardial infarction, areas with reduced perfusion at rest and preserved glucose 

utilization, consistent with hibernation, are more frequently found shortly after the acute 

event and become less frequent with increasing time thereafter (22). About 11% of the 

patients referred for cardiac transplantation have been suggested to have hibernating 

myocardium (23). 

Although part of the original definition and currently the best retrospective proof of 

hibernation, the use of recovery of function upon revascularization as the criterion of 

hibernation may nevertheless underestimate the prevalence of hibernation. Tethering to 

infarcted areas may prevent the recovery of function in reperfused myocardium, and 

long-term changes in contractile or other regulatory proteins may require gene therapy 

rather than or in addition to revascularization. 

Thus the available data on the prevalence of hibernation vary substantially. The 

awareness of the possible existence of the phenomenon as well as the eventual 

availability of simple standard methods for its identification will most likely prove that 

hibernation is more common than currently recognized. Also, whereas the prevalence of 

hibernation in patients with coronary artery disease may not appear impressive at 

present, coronary artery disease per se is frequent and the leading cause of death in 

developed countries. 

2. Relation of flow and function in chronic hibernation 

When proposing the concept of hibernation, Rahimtoola (6) reasonably assumed that the 

observed reduced regional contractile function that recovered upon revascularization 

must have reflected reduced resting blood flow (6). More recently, this idea was 
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challenged, and chronic hibernation was proposed not to result from chronic 

hypoperfusion, but from repeated episodes of ischemia and subsequent cumulative 

stunning (24). This as well as several other more complex patterns of flow and function 

in chronically dysfunctional myocardium have previously been hypothetically proposed 

by Bolli (25) (fig. 2.). The issue of hibernation versus cumulative stunning as the 

underlying mechanism of chronic yet reversible contractile dysfunction in patients with 

coronary artery disease has been and continues to be a matter of intense debate (26, 27). 
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Consistent with the original concept of Rahimtoola (6), qualitative studies using 

thallium scintigraphy (28, 29), 82Rb PET (30), or 13NH3 PET (15,31,32) demonstrated 

reduced regional myocardial perfusion at rest in patients with chronic regional 

contractile dysfunction which subsequently improved upon revascularization. Nuclear 
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techniques, however, have certain limitations in terms of defining hibernation. Thallium 

and technetium sestamibi uptake closely correlate with the morphological integrity of 

the myocardium (31,33, 34), and thallium reinjection identifies more or less the same 
1 it 

viable and nonviable regions as glucose uptake measured with fluorodeoxyglucose 

(18FDG) PET (8). On the other hand, tracer uptake in these studies does not depend 

solely on perfusion; thus it is always normalized to a reference region that may or may 

not be normal and is subject to the partial volume effect, i.e., underestimates true 

regional activity in areas with reduced myocardial wall thickness. Therefore, the issue of 

perfusion-contraction matching in patients with chronic regional contractile function can 

only be resolved with absolute rather than relative regional myocardial blood flow and 

function data. More recently, absolute regional myocardial blood flow data are available 

from PET studies using either 13NH3 or as flow tracers. The majority of these 

studies clearly indicate a significant reduction in resting regional myocardial blood flow 

in those dysfunctional areas classified as hibernating myocardium as compared with 

intraindividual normal remote areas, with an average reduction in blood flow from 

baseline by 20-30%. Vanoverschelde et al. (24) observed a significant 19% reduction in 

resting blood flow in dysfunctional versus remote reference regions of the individual 

patients (Fig. 2), but they surprisingly reasoned that the observed dysfunction was not 

secondary to reduced resting blood flow, because blood flow was not significantly 

different in collateral-dependent myocardium of two subgroups of patients with and 

without contractile dysfunction (24). Subsequently, Marinho et al. using H2
I50 (36) and 

Gerber et al. using 13NH3 (37) observed no significant reduction in resting blood flow in 

the dysfunctional area, both as compared with that in a remote reference region and as 

compared with normal flow values obtained from healthy volunteers. Clearly, in both 

studies, the observed reduction in regional contractile function appeared to be out of 

proportion to the observed changes in regional blood flow at rest, consistent with 

cumulative myocardial stunning rather than hibernation. In the study by Sim et al. (38), 

also no significant reduction in resting blood flow in the dysfunctional area as compared 

with that in the remote reference region and as compared with normal flow values in 

healthy volunteers was reported. However, in a critical reanalysis, Rahimtoola (26) 

demonstrated a significant reduction in resting blood flow as compared with that of the 

remote reference region when using data from those patients only in which blood flow 

for both regions were reported. 
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Figure 3. Regional myocardial blood f low (MBF) , as measured with positron emission tomography, and 
regional wall motion, as measured with contrast ventriculography. Data are means ± SD. In patients with 
dysfunct ional collateral-dependent myocardium, blood f low is significantly reduced, as compared with 
remote reference regions. * P < 0.05 septal and lateral walls vs. anterior wall in patients with 
dysfunct ioning collateral-dependent myocardium. [From Vanoverschelde et al. (24).] 

The discrepant PET data on resting blood flow cannot easily be attributed to the 

admixture of scar tissue with low perfusion and otherwise normally perfused 

myocardium. This kind of dilution effect is more significant for 13NH3 than H2150 flow 

measurements. On the other hand, H2150 flow measurements may tend to overestimate 

flow at low flow (39) and in heterogeneously perfused myocardium (40), which was 

certainly the case in the studies including patients with myocardial infarction. However, 

reduced blood flow at rest has been demonstrated with 13NH3 (11, 21, 24, 38, 41-44), 

H 2
1 5 0 (45, 46), and [nC]acetate (40), and, vice versa, normal blood flow has been 
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demonstrated with both 13NH3 (37) and H2150 (36). When weighing the controversial 

PET data on regional myocardial blood flow at rest, two critical limitations of any PET 

flow measurement must be emphasized. A) The available normal blood flow values 

from healthy volunteers vary widely [1.02 ± 0.26 (SD) ml-g"1-min~1, « - 1 9 (45); 

1.02 ± 0.25 ml-g_1-min_1, « = 25 (36); 0.88 ± 0.22 ml g"1min"1, « = 6(37); 

0.68 ± 0.16 ml-g-1-min-1, « = 12 (38)], and the subjects' ages also varied widely. In an 

individual patient, with reference to the reported broad range of normal flow values in 

volunteers, a 50% reduction in resting blood flow will go undetected. Also, the 

argument forwarded by Camici et al. (47) that even in the 10% minority of patients who 

had reduced blood flow at rest (36) this was within the range of normal blood flow as 

measured with microspheres (48) is not correct, because the myocardial sample size in 

the microspheres measurements was far smaller (0.2 g) than in the PET measurements 

( » 1 g), and blood flow inhomogeneity, as measured with microspheres, decreases with 

increasing sample size. Therefore, the comparison to an intraindividual reference region 

is preferable, even if a certain hyperemia there cannot be excluded. B) Positron emission 

tomography flow measurements lack sufficient transmural resolution, and the lack of 

respiration and/or cardiac motion-gated measurements greatly enhances this problem. As 

a consequence, an observed 20% reduction in transmural blood flow in regions with 

chronic contractile dysfunction may well translate to a reduction in subendocardial blood 

flow as great as 40%, and subendocardial blood flow is the primary determinant of 

transmural wall function (49). 

Apart from these technical concerns related to flow measurements with PET, only one 

of the above studies provided blood flow data after revascularization, and in this study, 

there was improvement in flow in areas with improvement of function (40). Also, in all 

of the above but one single study (21), wall motion scores were used, and no absolute 

data on regional contractile function were provided. To resolve the controversial issue of 

perfusion-contraction matching in chronically dysfunctional myocardium, quantitative 

data on both regional myocardial blood flow and contractile function before and after 

revascularization, and possibly with better transmural resolution than currently available 

are required. 
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3. Metabolism in chronic hibernation 

Information on energy metabolism in patients with chronic hibernation, e.g., from 

biopsies taken during operative revascularization or from NMR spectroscopy, is not 

available. 

Preserved metabolic activity in chronically dysfunctional myocardium was initially 

demonstrated in a more or less qualitative fashion from 18FDG uptake using PET (8, 15, 

30-32, 50, 51). More recently, however, also quantitative data on glucose utilization 

during a standardized hyperinsulinemic euglycemic clamp have become available. In 

such studies, the glucose utilization of healthy volunteers varied from 0.50 ±0.18 (38) 

or 0.53 ±0.11 (37) to 0.71 ± 0.14(36) pmol-min-1-g-1. Interestingly, in those two 

studies that observed no reduction in myocardial blood flow at rest, the glucose 

utilization of dysfunctional myocardium was lower than that in healthy volunteers (36, 

37), although not different from that in a remote reference region of the individual 

patients in one study (36). In contrast, in studies with a reduction in resting blood flow 

in the dysfunctional myocardium, glucose utilization was not different from that of 

myocardium in healthy volunteers (38) as well as not different from that of a remote 

reference region (38, 43, 46). Also, the free fatty acid uptake in regions with chronic 

dysfunction but preserved viability was not different from that of remote reference 

regions (52). 

During recruitment of inotropic reserve with intravenous dobutamine in the 

dysfunctional region, glucose utilization, as measured by 18FDG PET, was increased, 

whereas it was decreased in normal myocardium (38). In addition, increased anaerobic 

glycolysis with a significant reduction of net lactate uptake and even net production in 

some patients, as measured from the arteriocoronary venous differences, was seen in 

hibernating myocardium during recruitment of inotropic reserve with intracoronary 

dobutamine (Fig. 4) (53). 

An overall measure of oxidative metabolism is derived from the clearance kinetics of 

[uC]acetate using PET. The rate constant of acetate clearance in areas with chronic 

hibernation was reduced (24, 42, 45), largely in relation to the reduced blood flow (42, 

54). Recruitment of inotropic reserve in such hypoperfused but viable myocardium was 
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associated with increased oxidative metabolism, as indicated by an increase in the rate 

constant of acetate clearance (54). 

Figure 4. Decrease in lactate uptake in pat ients with hibernat ing myocard ium dur ing recrui tment of 
inotropic reserve with intracoronary dobutamine. AV, ar ter iovenous. [From Indolfi et al. (53).] 

4. Coronary reserve and inotropic reserve in chronic hibernation 

Quite consistently, coronary reserve, i.e., the ratio of myocardial blood flow during 

dipyridamole-induced hyperemia to resting blood flow, was reduced in those chronically 

dysfunctional areas that had reduced blood flow at rest (11, 24, 44). Recruitment of 

vasodilator reserve with dipyridamole can also result in improved wall motion score in a 

number of dysfunctional segments, along an upsloping flow-function relationship (55). 

A significant inverse relationship between the degree of contractile dysfunction and 

coronary reserve prompted Vanoverschelde et al. (24) to propose that repeated episodes 

of ischemia might occur in myocardium that is not capable of increasing its blood flow 

sufficiently and that repeated episodes of ischemia might induce cumulative stunning. 
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Also quite consistently, persistent inotropic reserve, i.e., improved regional wall motion 

in response to dobutamine, was reported from a number of studies in patients with 

chronic hibernation (37, 38, 51, 53, 54). The recruitment of inotropic reserve was 

associated with increased oxidative metabolism, as evident from the increased rate 

constant of [MC]acetate clearance (54), increased glucose utilization (38), and increased 

anaerobic glycolysis, as evident from reduced net lactate uptake (53). Those 

dysfunctional myocardial regions that responded to dobutamine with increased function 

also had persistent adenosine-recruitable coronary reserve (51), and the increase in 

function with dobutamine was associated with increased flow (38, 56). Persistent 

inotropic reserve, however, is also observed in chronically dysfunctional myocardium 

with normal perfusion (37) and, unless associated with metabolic deterioration, does not 

distinguish hibernating from stunned myocardium. 

5. Morphology in chronic hibernation 

Morphological alterations affect the cardiomyocytes and the interstitial space. In 

1981, before the phenomenon of hibernation was recognized, Flameng et al. (57) already 

described typical alterations in the morphology of myocardium from areas that were 

dysfunctional and recovered after surgical revascularization. Loss of cardiomyocytes and 

loss of contractile material within the remaining cardiomyocytes, increased number of 

glycogen deposits, and increased interstitial fibrosis were characteristic findings and 

have been confirmed in a number of studies since then (21, 24, 58-62). The 

sarcoplasmic reticulum was reduced (57, 58). Also, numerous small doughnut-like 

mitochondria were consistently observed (58, 60, 61). Loss of contact sites between the 

inner and outer mitochondrial membranes was taken to indicate reduced oxidative 

phosphorylation and mitochondrial creatine kinase activity (63). The contractile 

proteins, myosin, the thin filament complex, titin, and a-actinin are reduced (60-62), and 

the distribution of titin within the cardiomyocytes is altered (58, 59). The cytoskeleton, 

consisting of desmin, tubulin, and associated proteins such as vinculin, is disorganized, 

and these proteins in part accumulate (60, 61). Decreased connexin content and reduced 

gap junction size may predispose to arrhythmias and contribute to impaired excitation-

contraction coupling (64). 
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The interstitial space is characterized by an increased amount of fibrosis (61, 62, 65). 

Cellular particles sequestered into the extracellular space form cellular debris, and the 

number of macrophages and fibroblasts is increased. Extracellular matrix and structural 

proteins, i.e., all collagens and fibronectin, are increased (60, 61, 65, 66). Borgers and 

co-workers emphasized the dedifferentiated phenotype of hibernating myocardium, 

since a-smooth muscle actin, cardiotin, and titin were found to be expressed in patterns 

resembling an embryonic phenotype (58, 67), and proposed contractile unloading as the 

underlying mechanism (66). Somewhat in contrast, J. Schaper and co-workers (60-62) 

recognized the adaptive nature of some morphological changes and their reversibility up 

to a certain degree but emphasized the degenerative nature of more severe 

cardiomyocyte alterations and increased fibrosis. 

It is somewhat difficult to estimate how much of the dysfunctional, hibernating 

myocardium was morphologically altered, because all analyses are based on biopsies 

that are not necessarily representative for the entire hibernating region. In correlation to 

the degree of dysfunction, however, the amount of cardiomyocytes with degeneration 

and the extent of fibrosis were increased and affected >50% of the myocardium that was 

morphologically studied (57, 61, 67). The severity of morphological alterations 

surprisingly did not correlate with the degree of hypoperfusion and wall motion 

abnormalities and also not with the functional outcome after surgical revascularization in 

one study (62). On the other hand, the extent of fibrosis (ranging from 10 to 70% of the 

biopsy specimen) was the major determinant of postoperative functional recovery in the 

study by Shivalkar et al. (21) and by Elsasser et al. (61). Importantly, in the recent study 

by Elsasser et al. (61), clear evidence of apoptosis was found in dysfunctional 

myocardium recovering after surgical revascularization, using both electron microscopy 

and in situ labeling with terminal deoxynucleotidyl transferase, similar to a recent 

experimental study with hibernating myocardium in pigs with chronic coronary artery 

stenosis (68). Therefore, these authors emphasized the progressive diminution of the 

chance for complete structural and functional recovery after restoration of blood flow 

and the need for early revascularization. In conclusion, the morphology of hibernation is 

characterized by signs of atrophy, most notably of the contractile myofibrils, similar to 

skeletal muscle wasting with prolonged quiescence, degeneration, most notably in the 

interstitial space, and possibly dedifferentiation. 
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THE CLINICAL ASSESSMENT OF MYOCARDIUM VIABILITY 

In principle, residual viability in chronically dysfunctional myocardium of patients with 

coronary artery disease, which may reflect either hibernating or stunned myocardium or 

some combination thereof, can be assessed by scintigraphy using either thallium or 
IT 1 ^ 

technetium sestamibi, by PET measurements of perfusion (1JNH3, H2
, 30) and 

metabolism (18FDG, [MC]acetate), and by echocardiography with an inotropic challenge. 

The value of the respective diagnostic procedures can only be judged with respect to the 

prediction of recovery of regional contractile function and patients' prognosis (1,69). 

The possibility of recruiting the inotropic reserve might appear paradoxical in the 

presence of hibernation, characterized by chronically depressed regional flow and 

function, since the traditional concept has been that a decrease in coronary blood flow 

accompanying a reduction in perfusion pressure below the lower pressure limit for 

autoregulation indicated that coronary vasodilating reserve was exhausted (1). However, 

exhaustion of autoregulatory vasodilator reserve does not necessarily imply exhaustion 

of pharmacologic vasodilator reserve (70). Hibernating segments have some 

vasodilatory reserve, which is mirrored by contractile reserve (55). The hibernating 

myocardium acts like a King Lear, once rich, and now poor in coronary supply for the 

presence of a severe flow-limiting coronary stenosis, precluding to myocardium a 

normal function even at rest. However, even the most stunned or hibernating 

myocardium has some "superfluous" flow reserve which can be recruited by the 

appropriate pharmacological stimulus: "Oh! reason not the need: our basest beggars are 

in the poorest thing superfluous" (W. Shakespeare, King Lear, II, IV,262 -263). 

Nuclear techniques for identification of myocardial viability 

For a long time nuclear medicine had the monopoly of the diagnosis of myocardial 

viability. The viable myocardial cell does not move, but still maintains a series of 

biochemical and metabolic activities which are critical for cell survival and are precious 

markers for clinical identification of viability by nuclear techniques (71). 

The viable cell has a residual coronary flow, which can be visualized with a flow tracer 

such as technetium sestamibi (gamma-emitting, and therefore detectable by gamma 
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camera) or Rubidium (positron-emitting, and therefore detectable by positron emission 

tomography). The viable cell has membrane integrity and intact function of ionic pumps, 

and is therefore capable to uptake 201-thallium, a potassium analogue, and to keep it 

intracellularly stored. The viable cell can also metabolize glucose, which can be traced 

with fluorodeoxyglucose, a positron emitting glucose analogue. It competes 

intracellularly for phosphorilation by means of cellular esokinase. Phosphorilated 

fluorodeoxyglucose cannot be further metabolized and remains trapped within the cell, 

as a viability marker. Rest-redistribution thallium scan can be considered at present the 

best trade-off between cost and accuracy for recognition of myocardial viability with 

nuclear techniques (72,73). 

Thallium and technetium sestamibi accumulation are dependent on myocardial blood 

flow, but also on membrane integrity. A significant inverse relation between the amount 

of fibrosis and tracer uptake was found for both thallium (33) and technetium sestamibi 

(34, 35). The reversibility of wall motion abnormalities is well predicted by thallium 

scintigraphy, in particular when used in a redistribution/reinjection protocol (28, 29). 

The positive predictive value for contractile recovery in areas with thallium uptake was 

69%, and the negative predictive value in areas without thallium uptake was 90% in a 

review of 13 studies involving 378 patients (1). In a pooled analysis of seven studies, 

thallium reinjection imaging had an average sensitivity of 86% and an average 

specificity of 47% for functional improvement after revascularization. Thallium rest-

redistribution imaging in eight studies had an average sensitivity of 90% and an average 

specificity of 54% for functional improvement after revascularization (74). Technetium 

sestamibi scintigraphy had an average sensitivity of 81% and an average specificity of 

60% in seven studies. 

The reversibility of wall motion abnormalities is also well predicted by PET techniques 

(21, 30, 32, 54), and a number of pertinent studies on PET measurements of myocardial 

perfusion and metabolism have been discussed above. The positive predictive value for 

contractile recovery in areas with a mismatch between 18FDG uptake and myocardial 

blood flow was 82%, and the negative predictive value in areas without mismatch was 

83% in a review of six studies involving 146 patients (1). In a pooled analysis of 

12 studies, FDG-PET imaging had an average sensitivity of 88% and an average 

specificity of 73% for functional improvement after revascularization (74). 

31A 



Echocardiographic parameters of myocardial viability 

Echocardiography can provide a reasonably accurate detection of myocardial viability 

with several parameters derived from different techniques: 

A. resting echo; 

B. contrast echocardiography; 

C. tissue characterization and tissue Doppler imaging; 

D. pharmacological stress echocardiography. 

Each of these techniques detects a separate variable of the myocardial segment with 

resting dysfunction: connective tissue increase; microvascular integrity; intramural 

function; contractile reserve. 

A. Resting echocardiography 

The echocardiographic appearance of a markedly thinned myocardial wall, with end-

diastolic thickness <6 mm and obviously increased echo reflectivity, possibly with a 

thrombus adhering to the asynergic wall is a poorly sensitive but highly specific marker 

of necrosis, due to extensive replacement of myocytes with fibrous tissue determining 

thinning and increased wall brightness. 

B. Contrast echocardiography 

The injection of echocardiographically active tracers into either the aortic root or a 

coronary artery sheds light on asynergic but viable regions due to the presence of resting 

perfusion, not detectable in necrotic regions. The underlying physiological variable is 

microvascular integrity, which is a prerequisite for myocardial viability. In spite of the 

attractive physiological rationale, the experimental and clinical results have proven 

disappointing, with high sensitivity but extremely low specificity for predicting 

functional recovery (75, 76). Echocontrast negativity is invariably associated with a 

response to dobutamine and no functional recovery, whereas echocontrast positivity can 

be found with and without dobutamine-induced response (75, 76). The combination of 

inotropic response and echocontrast information may be useful to titrate the sensivity of 

damage: with mild degrees of damage (echocontrast with dobutamine response) 

associated with prompt recovery; moderate degrees (echocontrast without dobutamine 

response) associated with possible, but unlikely recovery; and severe degrees (no 

echocontrast and no dobutamine response) virtually never associated to recovery, being 
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the specific marker of irreversible microvascular and myocyte damage. In the viability 

cascade the loss of microvascular integrity corresponds to levels of damage very close to 

irreversibility. 

C. Tissue characterization 

The myocardial wall presents with an echoreflectivity that is not stable during the 

cardiac cycle, showing a physiologic systolic-to-diastolic cyclic variation. Myocardial 

echodensity decreases with contraction. This quantitative parameter can be translated 

into the more familiar gray level codification; the image of a normal wall is darker 

during end-systole and brighter during end-diastole. The systolo-diastolic excursion of 

echodensity is due, in a very complex way, to wall thickening and intramural function. 

After a few minutes of ischemia, the systolo-diastolic variation is abolished but is 

promptly restored in case of effective reperfusion, when regional wall motion is still 

compromised, due to the preserved intramural function. The usefulness of this index has 

been demonstrated in the experimental (77) and clinical setting (78), both in the stunned 

(77) and hibernating (78) myocardium, through the analysis of either myocardial 

backscatter (77) or the cyclic gray level variation detectable on standard 

echocardiography images (78). Necrotic regions do not show cyclic gray level variation, 

which is preserved in asynergic but viable segments (78). The major limitation of the 

cyclic gray level variation is that its applicability is restricted to regions visualized in 

particular projections: cyclic variation is present only when the ultrasonic beam is 

perpendicular to the arrangement of myocardial fibers. Therefore the anterior septal wall 

(proximal and medium segments) and the infero-posterior wall (proximal and medium 

segment), visualized in long-axis view, are a privileged target of this technique. 

D. Pharmacological stress echocardiography 

Ten years before the description by Rahimtoola of hibernated myocardium (4), several 

studies had recognized the inotropic reserve as a marker of reversible myocardial 

dysfunction after revascularization during cardiac catheterization ("ante litteram" 

hibernation). Regional wall motion was evaluated at ventriculography and the inotropic 

stimulus was either post-extrasystolic beat or adrenaline (79-81). After many years, the 

same mechanism was employed for the recognition of myocardial viability through 

pharmacological stress echocardiography. Asynergic but viable myocardium preserves 
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contractile reserve, which may be evoked by an appropriate stimulus ("the kiss of Prince 

Charming") awakening the seemingly dead myocardium. 

The recovery of function may take place either through a primary inotropic stimulus 

(determining a secondary increase in flow to meet the augmented metabolic demands) or 

through a primary vasodilatory stimulus (determining the increment of regional 

function) (82). The prototype of an inotropic stress for viability assessment is low-dose 

dobutamine (83). 

a) Dobutamine stress echocardiography: the clinical results 

Dobutamine is usually employed as an ischemic stress from 5 pg/kg/min to 40 

pg/kg/min. The viability assessment is usually performed at 5 pg/kg/min to 10 

pg/kg/min. In fact, the effects on myocardial fil receptors can be obtained at a very low 

dose of dobutamine, which does not elicit important increases in either heart rate or 

blood pressure, with the consequent modification of regional function by extrinsic 

mechanisms (83). Following the pioneering observation of Pierard (83), several groups 

have confirmed the capability of low dose dobutamine to identify viable myocardium 

both early after an acute myocardial infarction ("stunning") and in chronic coronary 

artery disease ("hibernation"). Early after acute myocardial infarction, reversible 

dysfunction can be identified with dobutamine doses ranging from 4 to 20 pg/kg/min 

(75, 76, 83-88), with an excellent correlation found between the global left ventricular 

function measured during dobutamine infusion and the late convalescent stage (85). 

Accuracy is lower in patients with critical coronary stenosis - unless they undergo a 

revascularization procedure (87) - and in patients studied on beta-blocker therapy (88). 

Several studies also document the capability of dobutamine-induced inotropic response 

in predicting functional recovery in patients with left ventricular dysfunction and 

chronic coronary artery disease (76, 89-98). One study reported that the administration 

of high dose was essential, because the predictive value for recovery was highest in the 

presence of a biphasic response (72%) while sustained improvement had a predictive 

value (15%) as low as the "no change" response (91). 

b) Dobutamine stress echocardiography: comparison with other methods 

Dobutamine-induced functional recovery correlates well with other, more complex 

imaging techniques, including FDG uptake with PET and Thallium scintigraphy. 
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In a population of asynergic segments, Thallium uptake occurs more frequently than 

dobutamine-induced response (93-95). Thallium demonstrates the ability of the 

myocardium to take up a cation by an active process that takes place at the level of the 

cell membrane. Stress echo assesses the ability of the cardiac muscle to increase its 

contraction in response to an inotropic stimulus - which requires the functional integrity 

of the cell contractile machinery. These different cellular functions are not all 

simultaneously and equally present in the viable myocardium, but are hierarchically 

ranked according to a sequence outlining a "viability cascade", which can be considered 

conceptually germane to the well known "ischemic cascade". In the viability cascade a 

preserved inotropic response to dobutamine expresses a mild level of damage, which 

will usually allow prompt restoration of function following revascularization. For 

presumably more severe levels of damage, a segment can be unresponsive to inotropic 

stress and still capable to uptake a significant amount of thallium (99). This is likely to 

correspond to a more advanced form of cellular damage, by which only cellular 

functions strictly essential to cell survival - such as membrane integrity - are preserved. 

From the pooled analysis of available studies having functional recovery following 

revascularization as a gold standard, Thallium has a superior sensitivity than stress echo, 

but a lower specificity (74) - with a similar overall accuracy (fig 6.) (74). 
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Figure 6. Diagnost ic accuracy o f different techniques for myocardia l viabili ty assessment . [From Bax et 

al. (74).] 

Thus, a significant number of myocardial segments with baseline systolic dysfunction 

will lack inotropic reserve during dobutamine administration in spite of preserved 
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thallium uptake. Only a minority of this dobutamine-non responders and thallium-

uptaker segments is destined to recover following revascularization (1). 

In general, there is an excellent agreement between PET and dobutamine-

echocardiography results (100-102). The level of agreement tends to be higher in 

stunned (83) than in hibernating segments (100, 101). It is possible that in some regions 

of hibernating myocardium the mild increase in oxygen demand due to low dose 

dobutamine administration may trigger ischemia, preventing any enhancement of 

contractile function (1). The increased sensitivity of PET compared with dobutamine 

echocardiography occurs at the expense of lower specificity regarding the recovery of 

functions. Therefore, for the practical purpose of predicting recovery, low dose 

dobutamine echo is the technique of choice - still less than ideal, but at least as good 

(and probably better) than other more costly, less readily available techniques. 

c) Limitations of dobutamine echocardiography 

Dobutamine is widely used for assessment of myocardial viability both in acute and in 

chronic post-infarction patients. It has however, limitations. 

1. In a certain number of patients it induces, even at low doses, myocardial ischemia 

which obscures the recognition of viability. Such percentage has been reported to be 

especially consistent in patients with chronic coronary artery disease evaluated before 

bypass surgery (90) and in consecutive, unselected patients evaluated very early after 

and acute myocardial infarction (88). A softer, more selective stress for viability -

unable to induce ischemia - is needed in some patients. 

2. Concomitant beta-blocker therapy blunts the inotropic response to low dose 

dobutamine. Although good results have been reported in population largely under beta-

blockers therapy (81), concurrent beta- blockade may conceivably alter the ability to 

detect contractile reserve at low- dose testing . This problem becomes clinically relevant 

since patients with acute myocardial infarction or chronic coronary artery disease are 

largely under chronic beta-blocker therapy - whose withdrawal can be impractical, and 

possibly dangerous. 

3. Even in the ideal conditions of selected patients without inducible ischemia and off 

therapy, dobutamine has a suboptimal sensitivity for predicting recovery: if a segment 

shows improved wall motion with dobutamine, is likely to be viable and to move better 
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with revascularization, but viability is still possible even if wall motion does not 

improve with dobutamine. 

d) The prognostic value of myocardial viability recognized by dobutamine stress 

echocardiography: "critical" or "luxury" information? 

The recognition of myocardial viability is associated to a higher incidence of unstable 

angina in patients evaluated early after an acute myocardial infarction - with no 

significant increased risk for cardiac death, and a trend to higher incidence to nonfatal 

reinfarction. When cardiac death is considered, the prognostic value of viability is 

outperformed by the value of peak wall motion score index (103). 

If patients with severe resting dysfunction are considered, myocardial viability is 

associated to a better survival, at least in populations largely submitted to 

revascularization procedures (104). Therefore, in patients recovering after an acute 

myocardial infarction, "viability is good" (associated with better survival) in patients 

with bad ventricles and aggressively treated; "viability is bad" - with greater chance of 

unstable angina - in patients with good ventricles, i.e. with a reasonably preserved global 

left ventricular function. However, both in patients with preserved or depressed global 

function, the prognostic impact of viability on survival (with cardiac death as the only 

significant end-point) is obscured by the presence of inducible myocardial ischemia 

(103). The quest of myocardial viability is "per se" prognostically and therapeutically 

critical in patients with "ischemic cardiomyopathy". 

The indication to revascularization is stronger for those patients with severe left 

ventricular dysfunction, but preserved myocardial viability and suitable coronary 

anatomy (fig 7.). In presence of viability only in certain coronary territories, a selective 

revascularization (usually with angioplasty or stenting) can be performed, targeted on 

stenotic coronary arteries feeding asynergic, albeit viable, regions. In patients with 

markedly reduced resting function (ejection fraction <35%) and chronic coronary artery 

disease, the stress echo documentation of myocardial viability is associated to a much 

lower mortality rate in revascularized, when compared to medically treated, patients 

(104). The absence of viable myocardium down stream to a critical coronary artery 

stenosis, in the absence of inducible ischemia, substantially weakens the indication to 

revascularization and directs clinical decision towards medical therapy or - when 

possible - cardiac transplantation. 

31A 



2 0 

I 
b o 

1 
o s 

V© 

20 70 
E j ection F r a c t i o n - % 
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OPEN ISSUES IN THE ELUSIVE CLINICAL QUEST OF MYOCARDIAL 

VIABILITY 

Some problems at present increase the difficulty of clinical assessment of myocardial 

viability and clinical decision making based upon the recognition of myocardial 

viability. We evaluate diagnostic tests versus their capacity to predict functional 

recovery, and this is the best available gold standard: however, we now know that not all 

segments destined to recover do it early after revascularization. Even more, some at 

least partially viable segments do not recover at all. In addition, a functional 

improvement can occur during inotropic stimulation in the absence of salvageable 

myocardium. Furthermore, the prognostic correlates of echocardiography recognized 

myocardial viability when cardiac death is considered are still weakly documented. 

1. Not all segments destined to recover do it in days or weeks 

Early functional recovery - either spontaneous or following revascularization - is 

frequently used for comparison in studies evaluating different techniques evaluating 

myocardial viability. It represents the "gold standard" against which to assess the 

sensitivity and specificity of the various techniques. In fact, recovery of ventricular 

function depends on many factors: quality of the revascularization procedure; 

perioperative ischemia; recurrence of obstruction in native or graft vessels (105). The 

time course of recovery can be extremely variable, since recovery of ventricular function 

depends on the quality and completeness of the revascularization procedure and the 

severity of histological abnormalities: the higher the dedifferentiation of myocytes, the 

longer the time needed for recovery (106). In the later stages of hibernation, 

intracellular glycogen accumulates and myofibrillar units drop-out, offering a 

morphological substrate to the reduced or absent inotropic response to low dose 

dobutamine infusion. Therefore, the time course of recovery can be highly variable: a 

too early assessment may underestimate the prevalence and degree of functional 

improvement. 

2. Viability can be present without late functional improvement 

It has been said that "there is more myocardial viability than meets the eye" (107). Even 

when the tissue was viable pre-operation, the revascularization complete, and the 
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follow-up appropriately long, the myocardium can remain asynergic and still the 

restoration of flow have produced beneficial clinical effects. In fact, the systolic 

thickening occurs largely as a result of endocardial thickening. The presence of viable 

myocardium in the outer layers of the ventricular wall may induce greater thickening 

during inotropic stimulation. Perfusion may actually improve in a large amount of viable 

myocardium, outside the subendocardial layer, and this may not necessarily translate 

into an improved resting function. However, the beneficial effects may extend above 

and beyond the functional recovery: viable well perfused tissue may exert an anti-

remodeling effect, contributing to maintain left ventricular shape and size by preventing 

infarct expansion and subsequent heart failure. The exercise capacity may improve, and 

substrate for arrhythmias may change with a possible antiarrhythmic effect of improved 

perfusion, without functional recovery (108). 

3. Functional improvement during inotropic stress without viability 

An inotropic stress can induce an improvement in an asynergic region even in the 

absence of significant viability: this occurs because of "transmural" or "horizontal" 

tethering, in non-transmural infarctions (109). This effect is more prominent when the 

inotropic stimulus is exerted also in normal myocardium and when it is of moderate to 

marked degree. This may explain the declining specificity associated with increasing 

doses of dobutamine. 

4. The elusive prognostic meaning of viability 

The information on myocardial viability is most important in patients with severe left 

ventricular dysfunction and chronic coronary artery disease. There are suggestive 

evidences indicating better survival in patients with extensive viability treated with 

revascularization versus medically treated patients (110-112). These evidences come 

mostly from studies in which myocardial viability was assessed by nuclear medicine 

techniques. In addition, all these studies have been small, non-randomized, retrospective 

analyses in some cases performed on very heterogeneous patient populations, including 

recent and old myocardial infarction (104). Some initial evidences suggest that 

myocardial viability detected by low - dose dobutamine early after an acute myocardial 

infarction exerts a powerful beneficial effect on late left ventricular remodeling (113). 
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THE PRIMARY GOALS OF THE DISSERTATION 

With the increasing prevalence of heart failure, a potentially huge population might 

benefit from intervention based on the results of testing for myocardial viability. That is 

why cardiologists always look for myocardial viability, but they are not sure how to look 

for it, when to look for it, and what it means - in terms of prognostic stratification and 

impact on patient management. Nowadays, dobutamine echocardiography is an effective 

diagnostic method for myocardial viability detection, however, according to the 

aphorism of Pierard: "if a segment improves wall motion with dobutamine, it is likely 

viable and will probably recover with revascularization, however, if no improvement is 

seen with dobutamine, viability is still possible". These limitations have led to the 

identification of alternative stresses used in combination with echocardiography to elicit 

an inotropic response in viable segments. Accordingly, the principal aim of our work 

was to develop alternative pharmacological stress echocardiography methods for 

viability detection. Therefore, the aims of our efforts were: 

1. To assess the potential of an "infra-low1 dose of dipyridamole to selectively identify 

myocardial viability, independently evaluated by low dose dobutamine. 

2. To determine the flow-function relationship during coronary vasodilatory stress in 

patients with coronary artery disease and baseline dysfunction. 

3. to evaluate the effects of combined administration of infra-low dose dipyridamole and 

low dose dobutamine on assessment of myocardial viability. 

4. To investigate the relation between radioisotopic and echocardiographic markers of 

myocardial viability and their correlation with functional recovery after coronary 

revascularization. 

5. To assess the prognostic value of myocardial viability recognized as a contractile 

response to vasodilator stimulation in patients with left ventricular dysfunction in a large 

scale, prospective, multicentre, observational study. 
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SELECTION OF A TEST TO IDENTIFY VIABLE MYOCARDIUM 

How to look for myocardial viability: the viability cascade 

Thallium and pharmacological stress echo are both useful to identify viable 

myocardium, but the underlying mechanisms of this recognition are different (1, 70). 

Thallium demonstrates the ability of the myocardium to take up a cation by an active 

process that takes place at the level of the cell membrane. Stress echo assesses the 

ability of the cardiac muscle to increase its contraction in response to an inotropic 

stimulus through a beta-1 adrenergic stimulation with dobutamine or increased flow 

with dipyridamole (114, V.). These different cellular functions are not all 

simultaneously and equally present in the viable myocardium, but are hierarchically 

ranked according to a sequence outlining a "viability cascade" which can be considered 

conceptually germane to the known "ischemic cascade" - by which during transient 

ischemia, regional flow heterogeneity consistently precedes the regional wall 

dysfunction. Fig. 8. from Picano (5). 
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A preserved inotropic response to either dobutamine or dipyridamole expresses a mild 

degree of damage, which will allow prompt restoration of function following 

revascularization (115, II.). For more severe levels of damage, a segment can be 

unresponsive to combined dipyridamole-dobutamine and still capable to uptake a 

significant amount of Thallium (116, III, IV). This is likely to correspond to a more 

advanced form of cellular damage, by which only cellular function strictly essential to 
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cell survival - such as membrane integrity - are preserved. Not infrequently, this isolated 

"echocardiographically silent" Thallium uptake is not associated to a contractile 

recovery following revascularization. Myocardial viability is more often found with 

Thallium-201 rest-redistribution than with low dose dipyridamole-dobutamine echo 

(117, IV). However, this does not translate into a difference in accuracy when functional 

recovery is assumed as a gold standard, since the trend to higher Thallium sensitivity is 

matched by a higher dipyridamole-dobutamine specificity (117, IV). In general, if a 

segment has no Thallium uptake, it usually has no inotropic response, whereas the 

presence of Thallium uptake may be associated or not with contractile response (117, 

IV). As a rule perfusion imaging should be viewed as alternative, rather than 

complementary, to stress echo. A polemic-agonistic attitude towards nuclear medicine is 

a childhood disease of echocardiography, but the ecumenical attitude, which feels bound 

to add the new technique to the existing ones is certainly a much more costly disease of 

the adulthood. Since the diagnostic results are grossly comparable - as repeatedly shown 

by meta-analysis of published data (74 ,118), the choice of one technique over the other 

will mostly depend on local expertise available and should follow the central cardiac 

imaging dogma: a good scintigram is better than a bad echocardiogram and a good 

echocardiogram is better than a bad scintigram (1). When both techniques are alive and 

well, echocardiography is the obvious first choice for lower cost and larger availability, 

still perfusion imaging finds a niche in patients with poor acoustic window and 

ambiguous stress echo results. 

The prognostic value of myocardial viability 

The recognition of myocardial viability is associated to a higher incidence of unstable 

angina in patients evaluated early after an acute myocardial infarction - with no 

significant increased risk for cardiac death, and a trend to higher incidence to nonfatal 

reinfarction (119). When cardiac death is considered, the prognostic value of viability is 

outperformed by the value of peak wall motion score index. 

If patients with severe resting dysfunction after an acute myocardial infarction are 

considered, myocardial viability is associated to a better survival (120, 121) - with a 

prognostic benefit detectable in revascularized (120, 127, VI) as well as in medically 

treated patients (121). Therefore, in patients recovering after an acute myocardial 

infarction, "viability is good" (associated with better survival) in patients with bad 

31A 



ventricles and aggressively treated; "viability is bad" - with greater chance of unstable 

angina - in patients with good ventricles, i.e. with a reasonably preserved global left 

ventricular function. However, both in patients with preserved or depressed global 

function, the prognostic impact of viability on survival (with cardiac death as the only 

significant end-point) is obscured by the presence of inducible myocardial ischemia in 

medically treated patients (121). 

The quest of myocardial viability is "per se" prognostically and therapeutically critical in 

patients with chronic "ischemic cardiomyopathy". The indication to revascularization is 

stronger for those patients with severe left ventricular dysfunction, but preserved 

myocardial viability and suitable coronary anatomy. In presence of viability only in 

certain coronary territories, a selective revascularization (usually with angioplasty) can 

be performed, targeted on stenotic coronary arteries feeding asynergic, albeit viable 

regions. In patients with markedly reduced resting function (ejection fraction <35%) and 

chronic coronary artery disease, the stress echo documentation of substantial myocardial 

viability is associated to a much lower mortality rate in revascularized, when compared 

to medically treated patients (122). Similar conclusion was reached using 201-Thallium 

as a viability tracer (123). The absence of viable myocardium downstream to a critical 

coronary artery stenosis, in the absence of inducible ischemia, substantially weakens the 

indication to revascularization and directs clinical decision towards medical therapy or -

when possible - cardiac transplantation. 

Viability testing: a moonlight serenade? 

Viability in preserved global left ventricular function: moon in the daylight 

The information of viability is like a moon in the sky of prognosis: in the daytime of a 

preserved global left ventricular function (EF>35%) the sun shines, and the moon - even 

if present in the sky - gives no additional prognostic light (120-122). The prognosis is 

linked to the clouds of ischemia, which obscure the sun of preserved resting function. In 

these good ventricles, with ejection fraction >35%, the documentation of ischemia 

should dictate a revascularization oriented by the results of physiologic testing (124, 

125). 
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Viability in depressed global left ventricular function: moon in the night time. 

In the prognostic night light of a reduced left ventricular function (ejection fraction 

<35%), the adverse prognostic effects of ischemia are magnified and ischemia, per se, 

warrants revascularization (125, 126). For any given level of inducible ischemia, the 

prognosis worsens with the worsening of the left ventricular function (126). The 

documentation of a large amount of viable myocardium reduces the risk of 

revascularization and viability oriented revascularization determines a survival 

advantage in comparison to medically treated patients. It is however important that the 

"viability moonlight" can guide the cardiologist only when a "full moon" is present -

i.e., a considerable amount of viable myocardium. Similarly to ischemia, also viability 

response should be titrated - it is not a binary, dichotomous response but a continuous 

response that should be titrated in different shades of gray. The prognostic protection 

conferred by viability is only detected when it exceeds a critical threshold of at least 5 

segments with resting dysfunction or 20% of the total left ventricle (122, 127, VI.). The 

beneficial impact of viability on survival is observed in revascularized (122,127, VI.) as 

well as in medically treated patients (127, VI.). 

Depressed left ventricular function with substantial viability and ischemia: moon 

eclipse. 

Even in the highest level of protection conferred by viability is however lost when 

ischemia occurs, in the viable territory ("biphasic response" on pharmacological stress 

echo) or in a different territory. In this case, the beneficial impact on prognosis of 

viability is lost by the concomitant induction of ischemia, eclipsing with its dark 

prognostic shadow the moonlight of viability. 

CONCLUSION 

Pharmacological stress echocardiography can probably now be considered the first 

choice technique for the recognition of myocardial viability. Its major advantage is the 

simultaneous insight into resting function - which determines the overall clinical 

relevance of the viability issue - and into myocardial ischemia, which integrates the 

prognostic impact of viability and can be assessed at high doses of the drug. Only in 

patients with severe resting left ventricular dysfunction, chronic coronary artery disease 
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and suitable coronary anatomy, the documentation of an extensive amount of 

myocardial viability by low dose pharmacological stress echo can be considered in and 

by itself a factor strongly supporting coronary revascularization. In all patients, the 

variable of myocardial viability should be put in the larger context provided by clinical 

presentation, resting function, inducible ischemia and coronary anatomy. 
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NEW OBSERVATIONS 

1. Infra-low dose dipyridamole is a haemodynamically neutral stress test which does 

not affect either heart rate or systolic blood pressure; it allows myocardial viability to be 

explored selectively, without eliciting ischaemia; it shows excellent overall concordance 

with low dose dobutamine and has good sensitivity and excellent specificity for 

predicting functional recovery following successful revascularization. 

2. Myocardial segments with a resting dysfunction and a contractile reserve more 

often exhibit a residual flow response, whereas segments with fixed pattern show a flat 

flow response during coronary vasodilator stress 

3. Infra-low dose dipyridamole added to low dose dobutamine recruits an inotropic 

reserve in asynergic segments that were nonresponders after either dobutamine or 

dipyridamole alone and destined to recover after revascularization. 

4. Combined adrenergic and adenosinergic stimulation recruits an inotropic reserve in 

a significant proportion of segments with preserved thallium uptake that were 

nonresponders after either dipyridamole or dobutamine. When functional recovery after 

successful revascularization is considered as the postoperative gold standard, thallium 

has a higher sensitivity than dipyridamole or dobutamine; this sensitivity gap is filled 

with combined dipyridamole-dobutamine. The specificity of all forms of pharmacologic 

stress echo is better than thallium-201. 

5. In severe left ventricular ischaemic dysfunction, myocardial viability, as assessed by 

low dose dipyridamole echo, is associated with improved survival in revascularized 

patients. 
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