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Perfusion-Contraction Mismatch During Inotropic
Stimulation in Hibernating Myocardium
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Paolo Marzullo, Antonio L'Abbate, Salvatore Capponnetto and Oberdan Parodi
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The aims of this study were to assess the value of dobutamine
echocardiography in identifying myocardial hibernation versus stun
ning and to elucidate the underlying pathophysiological mechanism
of the contractile impairment. Methods: Twenty-one patients with
isolated stenosis of the left anterior descending artery were evalu
ated 1 mo after thrombolysed acute anterior infarction. Regional
function and blood flow were measured using echocardiography
and PET at rest and during dobutamine administration (10 /xg/kg/
min). Results: Defined by [18F]fluorodeoxyglucose uptake, 36 of 102

dyssynergic segments were necrotic, and 66 were viable. The latter
segments were subdivided according to their [13N]ammonia flow

distribution: 30 hibernating regions with perfusion defects (flow of
<80% of maximum) and 36 stunned areas with preserved resting
perfusion (flow of >80% of maximum). Resting flows were similar in
necrosis and hibernation (0.43 Â± 0.18 versus 0.47 Â± 0.16
ml-min 1-g 1; not significant), and both resting values were lower

than those seen in stunning (0.79 Â±0.24; p < 0.05). Flow response
to dobutamine was markedly reduced in necrosis (dobutamine/
resting flow = 1.16 Â±0.27), whereas it was maintained in hiberna
tion (1.65 Â±0.54) and stunning (1.42 Â±0.57). Dobutamine improved
function in a higher number of stunned (55%) than hibernating (16%)
or necrotic (11%) segments. Conclusion: Dobutamine improves
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function mainly in stunned myocardium and does not reliably identify
hibernation. The lack of functional response in hibernation is not
related to an exhausted vasodilating capacity.

Key Words: PET; echocardiography; myocardial blood flow; myo
cardial infarction
J NucÃMed 1998; 39:396-402

After thrombolysis for acute myocardial infarction, a residual
dysfunction can be observed in the majority of cases. In these
patients, the appropriate choice of either conservative or inter-

ventional therapy depends on the correct identification of the
mechanisms underlying the contractile impairment.

Postinfarction left ventricular dysfunction can arise from
myocardial hibernation (/), stunning (2) or necrosis. Myocar
dial hibernation is defined as chronic wall motion abnormality
associated with resting hypoperfusion. Stunning represents a
prolonged postischemic dysfunction despite the restoration of a
normal or near normal blood flow. In stunning and necrosis, no
further interventions are necessary. In the first case, function
will recover spontaneously, and the second case represents
irreversible damage.

In contrast, the recognition of myocardial hibernation is
particularly relevant because it indicates the need for revascu-
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larization to improve not only left ventricular function but also
prognosis (3-5). To identify myocardial viability in hypoper-

fused myocardium, several tests have been proposed, such as
the preservation of sarcolemmal integrity, as identified by 201T1

scintigraphy (6), or the preservation of glucose metabolism, as
evaluated by PET (3-5).

Dobutamine echocardiography has been proposed as a
method to identify residual viability in chronically dyssynergic
areas (7-11). However, several studies suggested that this

method might not reliably detect hibernating segments (12, 13).
To explain this finding, the authors speculated that the lack of
contractile response to dobutamine stimulation might reflect
induced ischemia due to an exhausted vasodilator reserve in
regions with resting hypoperfusion.

This point is of crucial relevance. According to this hypoth
esis, a negative dobutamine echocardiography would not allow
differentiation between necrotic areas and viable segments in
inducible ischemia. If these patients were assessed correctly,
revascularization would offer them the double benefit of im
proving resting left ventricular function as well as prevention of
the occurrence of stress-induced ischemia. In discordance with
this hypothesis, previous studies have consistently reported a
residual vasodilator reserve in chronically hypoperfused dys
functional viable myocardium (14-16).

The aim of this study was to assess the value of dobutamine
echocardiography to correctly detect myocardial hibernation, as
identified by PET. Additionally, regional flow response to
dobutamine was evaluated to verify whether the described lack
of contractile response to dobutamine is related to an exhausted
vasodilator reserve.

MATERIALS AND METHODS
The study group consisted of 21 consecutive patients ( 17 men

and 4 women; mean age = 58 Â±7 yr) with first acute anterior

myocardial infarction that was treated by intravenous thrombolysis
within the first 6 hr of the onset of symptoms. The anterior
infarction was diagnosed on the basis of typical chest pain, acute
ST-T wave changes and the subsequent appearance of Q waves.
Peak serum enzyme concentration was 2575 Â±1068 units.

Inclusion criteria were:

1. Single-vessel disease of the left anterior descending coronary
artery;

2. Postinfarction period free from heart failure, anginal symp
toms or life-threatening arrhythmias;

3. Predischarge Holler monitoring negative for ST-T segment
changes; and

4. Negative submaximal bicycle exercise stress test (25-W steps
every 2 min) performed 30 days after an acute event (average
maximum rate pressure product = 21,887 Â±6666 mmHg'bpm).

Exclusion criteria were:

1. Unstable angina;
2. Arterial hypertension;
3. Left ventricular hypertrophy;
4. Valvular heart disease or other detectable cardiac disorders;

or
5. Diabetes mellitus.

All patients agreed to participate in the study after being informed
of the partially investigative nature of the protocol, which was
approved by the local Ethics Committee on Human Studies.

Coronary Angiography and Left Ventriculography
Standard coronary angiography in multiple views was performed

within 20 days after thrombolysis. All angiograms were evaluated

by two independent observers who identified stenotic segments and
scored control arteries as either smooth or irregular. All angio
grams were evaluated by an automated edge detection system
(Mipron, Kontron, Germany), providing the percentage cross-
sectional area reduction of coronary stenosis (84% Â± 12%).
Patients with >25% area reduction in any of the remaining
coronary arteries were excluded. Biplane left ventriculography was
performed in all patients. Ejection fraction was calculated accord
ing to the area-length method (0.53 Â±0.17).

Study Protocol
Dobutamine echocardiography was performed 24 Â±3 days after

thrombolysis. No patient was under inotropic drugs before the test,
and beta-blockers were discontinued >96 hr before the study.
Concomitant medications (nitrates, angiotensin-converting enzyme
inhibitors and aspirin) were not withdrawn.

A commercially available wide-angle phased-array imaging
system and a 2.5-MHz transducer were used. Images were acquired
in standard views and recorded on videotape for off-line analysis.
A two-dimensional echocardiogram was recorded at rest. Dobut

amine infusion was performed at 5 and 10 ju,g/kg/min using an
intravenous infusion pump, with each step lasting 5 min. A
three-lead electrocardiogram (ECG) was continuously monitored,

whereas complete ECG and blood pressure were recorded at
baseline and at every minute during the test. During the last 3 min
of the infusion, classic echocardiographic views were obtained.

Wall motion in all segments was assessed visually by two
observers unaware of the clinical, tomographic and angiographie
data; discrepancies were resolved by consensus. The following
scoring system was used: normal wall motion, hypokinesis (severe
ly reduced systolic thickening and inward motion) and akinesis
(absent systolic thickening and motion). In no case was dyskinesis
observed. Improvement of contractile function during dobutamine
infusion was diagnosed when systolic myocardial thickening either
became apparent in an akinetic segment or normalized in a
hypokinetic segment.

A PET study was performed in a two-day protocol within 2 wk
from the echocardiographic study (39 Â±9 days after thrombolysis).
After an overnight fasting period, all patients underwent oral
glucose loading (50 g) and were positioned on the bed of a two-ring
positron emission tomograph (ECAT III; CTI Inc., Knoxville, TN)
providing three simultaneous cross-sectional planes. Standard
transmission images were acquired to generate attenuation correc
tion factors. Correct positioning was maintained throughout the
study by use of a light beam and indelible marks on the torso.
Fluorine-18-fluorodeoxyglucose was injected intravenously (7-10
mCi), and a 60-min period was allowed for myocardial uptake
before acquisition of a static 10-min myocardial image.

The next day, patients underwent a new transmission scan in the
same position as the day before, identified by the felt-tip pen marks
on the torso. Nitrogen-13-ammonia was administered at a dose of
0.2 mCi/kg of body weight over a 10- to 20-sec period. Twenty-
eight dynamic frames were acquired over 8 min (16 frames for 3
sec, 11 frames for 12 sec and 1 frame for 300 sec).

Fifty minutes after the baseline study, dobutamine was admin
istered in accordance with the echocardiographic protocol. The
dynamic [13N]ammonia scan was started 3 min after the beginning

of the 10 pig/kg/min dobutamine dosage. Two minutes later (1 min
before acquisition of the last frame), the infusion was stopped.

A three-lead ECG was continuously monitored, whereas a
nine-lead ECG and arterial blood pressure were obtained during
[13N]ammonia injection at rest as well as every minute during

dobutamine infusion.
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Positron emission tomography

2-D Echo

Mid Distal

FIGURE 1. Schematic representation of the myocardial segments used for
comparison of two-dimensional echocardiography and PET. The basal, mid

and distal apical tomographic planes are shown for both techniques. Apical
two-chamber (bottom left) and apical four-chamber (bottom right) echocar-

diographic views are also presented. Dotted, dashed and open areas
represent septal, anterior and postero-lateral regions, respectively. Due to

the technical characteristics of our tomograph, inferior segments were not
analyzed.

Blood Flow Analysis
Myocardial blood flow (MBF) was calculated according to a

previously validated method (17). Briefly, only the transversal
plane visualizing the left ventricle at its best was analyzed. Into
each of the three walls, i.e., septal, anterior and postero-lateral,
three small regions of interest (ROI) (25-30 voxels) were drawn to
calculate regional ammonia uptake, resulting in a total of 189
regions in the 21 patients. The time curve of [13N]ammonia activity

in the arterial blood was computed, with a small ROI placed in the
left ventricular cavity.

Regional MBF times [l3N]ammonia extraction (rMBFe) was

calculated as:

Eq. 1MBFe = Cm X 60 / Cb(t) X dt

where Cm and Cb are [13N]ammonia activity concentrations in the

myocardium in the last frame and in the arterial blood at each time
t, respectively. The Cb(t) curve was fitted by a gamma variate
function for integration. The rMBFe values were then divided by
tissue gravity (1.08 g/ml) to obtain the real values in mi-min" '-g"1.

Actual regional MBF values were calculated from rMBFe by using
the experimental relationship between ammonia uptake and micro-
sphere-determined flow observed in animal preparations (17):

Regional MBF = exp[(rMBFe + 0.04)71.45] - 1. Eq. 2

Segment Classification
Due to the technical characteristics of our tomograph, it was only

possible to analyze regional perfusion and metabolism in the septal,
anteroapical and postero-lateral walls (Fig. 1). To compare the
echo data with PET findings, regional wall motion analysis was
performed by correspondingly dividing postero-lateral, anteroapi
cal and septal walls into three segments, thus resulting in 189
matching echocardiographic regions.

To identify resting hypoperfusion, regional values were ex
pressed as percentages of the maximum flow value of each patient.

TABLE 1
Hemodynamic Data During Echocardiographic Study and

PET Study

Echocardiographic study
Baseline
Dobutamine

PET
Baseline
DobutamineHeart

rate
(bpm)65

Â±18
80 Â±18'63Â±13f

76 Â±14*TSystolic

arterial
pressure

(mmHg)119

Â±18
138Â±21*124

Â±16f
143 Â±29*fRate-pressure

product
(mmHg â€¢bpm)7194

Â±1755
9763 Â±3243*7273

Â±1996*
10225 Â±2765*t

*p < 0.05 vs. corresponding baseline.

fNot significant vs. corresponding condition of echocardiographic study.

Data for regional glucose uptake were also normalized. The
glucose uptake of the region showing maximum baseline blood
flow served as the 100% reference value. Flow values <80% of the
maximum (18) represented hypoperfusion. These hypoperfused
regions were considered necrotic in the presence of a concordant
reduction in perfusion and deoxyglucose uptake (i.e., flow of
<80% of the maximum and a percentage deoxyglucose activity/
percentage perfusion of Â£1.2). Hypoperfused segments were
considered hibernating in the presence of a classic mismatch
pattern (i.e., flow of <80% of the maximum and percentage
deoxyglucose activity/percentage perfusion of >1.2) (12,19,20).
Stunned myocardium was identified by regional dysfunction in
segments with normal perfusion and glucose uptake.

Statistical Analysis
All data are expressed as mean values Â± s.d. Analysis of

variance, followed by Newman-Keuls procedure for multiple
comparisons, was used to compare flow values between groups at
baseline and during dobutamine administration. Student's t-test

was used to compare flow values at baseline and during dobut
amine administration in each group. The chi-square test was
applied to evaluate differences in the rates of occurrence. Linear
regression analysis was performed by the least squares method. A
probability (p) value of <0.05 was considered significant.

RESULTS

Clinical and Hemodynamic Findings
Dobutamine infusion was well tolerated in all cases, and no

patient had serious side effects as a result of the study. As
shown in Table 1, baseline and dobutamine rate pressure
products were comparable during echocardiographic and tomo
graphic acquisition. Dobutamine administration increased the
rate pressure product moderately but significantly. No patient
developed diagnostic ST-T segment changes or complained of
chest pain during either dobutamine echocardiography or PET
study.

Wall Motion Data
All 63 regions assigned to the postero-lateral wall remote to

infarction showed normal function. Of 126 regions supplied by
the left anterior descending coronary artery, 24 showed normal
wall motion, 42 showed hypokinesis and 60 showed akinesis.

Considering all dyssynergic segments, dobutamine improved
function in 30 of 102 (29%) regions. A positive response to
inotropic stimulation was observed in 18 of 42 (43%) hypoki-
netic and 12 of 60 (20%) akinetic segments (p < 0.05).
Irrespective of baseline function, deterioration of wall motion
was never observed in any segment at 5 or 10 /ng/kg/min
dobutamine infusion. Thus, in asymptomatic patients evaluated
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FIGURE 2. Prevalences of region type according to the distance from the
core of infarction. The prevalences of necrotic and hibernating regions
decrease toward the periphery of infarction. Stunned segments shows the
highest prevalence between these regions and those with normal wall
motion.

1 mo after thrombolysed uncomplicated anterior myocardial
infarction, the prevalence of dysfunctional but viable myocar
dium identified by dobutamine echocardiography was relatively
low.

Relationships Between Resting Blood Flow, Metabolism
and Regional Function

Of a total of 189 regions, five groups were defined according
to anatomical and functional characteristics. All 63 postero-
lateral regions showed normal resting perfusiÃ³n, glucose uptake
and wall motion. Because these regions were supplied by the
angiographically normal left circumflex artery, they served as
control regions. Among the remaining 126 segments supplied
by the left anterior descending artery, 24 were normal as well.
Of the 102 regions identified at echocardiography as being
dyssynergic, 36 showed normal perfusion and metabolism and
were considered stunned. Furthermore, 30 segments displayed
regional hypoperfusion in the presence of a maintained glucose
uptake and were regarded as hibernating. The remaining 36
regions showed a concordant reduction of perfusion and me
tabolism and were, therefore, considered necrotic.

A necrotic pattern was present in 9 of 42 (21%) hypokinetic
and 27 of 60 (45%) akinetic regions (p < 0.01), whereas it was
never observed in segments with normal wall motion. Baseline
wall motion analysis showed a larger prevalence of hypokinesis
in stunned (22 of 36, or 61%) than in hibernating (11 of 30, or
37%) areas (p < 0.05).

The prevalences of necrotic, stunned and hibernating regions
showed a large interpatient variability (average values were
46% Â±35%, 31% Â±31% and 23% Â±26%, respectively). In
four patients, no necrosis was observed, whereas hibernation
was absent in seven patients. Necrotic segments prevailed in the
core of infarction and tended to decrease toward the periphery;
hibernating regions behaved similarly. In contrast, stunned
areas were found more frequently in the border zone between
normal and hypoperfused segments (Fig. 2).

Average flow data are summarized in Table 2. Stunned
segments showed resting flow values similar to those observed
in control areas and normal segments supplied by the left
anterior descending coronary artery (Fig. 3). Among hypoper
fused areas, the presence of residual viability (identified by
deoxyglucose uptake) was not associated with the degree of

resting flow impairment. In fact, hibernating and necrotic areas
showed superimposable values of baseline blood flow. Remark
ably, flow increase during dobutamine was still present in
hibernating segments demonstrating a residual vascular tone
despite resting hypoperfusion. Additionally, flow response was
small but significant in necrotic areas (Fig. 3).

A contractile response to dobutamine was observed more
frequently in stunned (Fig. 4) than in hibernating (Fig. 5) or
necrotic (Fig. 6) regions (23 of 42, or 55%; 5 of 31, or 16%; and
4 of 36, or 11%, respectively; p < 0.01) (Fig. 7). Furthermore,
the number of dyssynergic segments that improved function
during dobutamine administration in each patient significantly
correlated (r = 0.56; p < 0.05) with the corresponding number

of stunned segments but not with the number of either hiber
nating or necrotic segments (r = 0.14 and 0.24, respectively;
not significant).

DISCUSSION
The results of this study indicate that, 1 mo after thrombol-

ysis for acute myocardial infarction, stunned and hibernating
myocardium respond differently to inotropic stimulation. In the
majority of stunned regions, dobutamine improved wall motion,
whereas in a large number of hibernated areas, no contractile
response could be observed. Despite this variance in regional
contractility, the flow response to dobutamine was remarkably
similar in both models of resting dysfunction. This perfusion-
contraction mismatch in hibernating myocardium suggests that
the limited contractile response to inotropic stimulation is not
caused by ischemia.

Mechanisms Underlying Postinfarction Resting
Dysfunction

This study confirms that postinfarction wall motion abnor
mality can be observed in viable myocardium with either
preserved or reduced resting perfusion. The association of
normal blood flow with persistent dysfunction might reflect the
presence of myocardial stunning (2). By contrast, the finding of
resting hypoperfusion and dysfunction might indicate either
myocardial hibernation (7) or a mixture of scar and viable tissue
(21). In this latter case, the presence of poorly perfused fibrotic
tissue might have led to an underestimation of regional specific
flow to the residual normoperfused viable myocardium (27).
Probably the hibernating nature of hypoperfused segments
would have been more clearly demonstrated by the measure
ment of reduced flow per unit mass of viable myocardium (27).
However, it should be also considered (22,23) that a preserved
glucose metabolism reliably identifies those hypoperfused areas
showing recovery of flow and function after revascularization.
Moreover, in this study, these hypoperfused viable segments
showed the largest blood flow response to dobutamine; when
compared with the blunted response of regions with necrotic
pattern, this finding suggests the presence of chronic hypoper
fusion of viable myocardium (16).

Inotropic Stimulation in Stunned Myocardium
The reliability of dobutamine echocardiography in predicting

spontaneous functional recovery of stunned myocardium after
acute myocardial infarction has already been well documented
(7,72). This study partially confirms these previous observa
tions by showing a contractile response in 55% of stunned
segments. In comparison to these previous reports, the percent
age of myocardium showing a functional improvement during
dobutamine is smaller. This discrepancy probably reflects
differences in study design. In our protocol, patients were
examined 4 wk after myocardial infarction, whereas in previous
studies, the test was performed shortly after thrombolysis.
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Accordingly, this dicrepancy suggests that regions that are still
stunned 4 wk after myocardial infarction show a reduced
sensitivity to dobutamine. However, it also indicates that, even
after such a prolonged period, not all stunned regions had
recovered. This finding is partially confirmed by the observa
tion of a higher prevalence of hypokinesis in regions with
stunned pattern, as compared with either hibernating or necrotic
areas.

This study extends the comprehension of the pathophysiol-
ogy underlying inotropic stimulation in stunned myocardium. It
documents that the normalization of contractility induced by
dobutamine is associated with an increased flow. Because an
abnormal baseline function is observed despite the presence of
a normal resting flow, this finding agrees with the hypothesis of
a metabolic alteration as the cause of dysfunction in stunned
myocardium in patients after acute myocardial infarction (2).

Inotropic Stimulation in Hibernating Myocardium
In the detection of hibernating myocardium, the value of

dobutamine echocardiography is still controversial. Several
studies reported promising results in identifying residual via
bility in chronically dysfunctioning segments (8-11). However,

in these reports, the nature of the resting dysfunction was not
precisely defined, and the relationship between wall motion
abnormality and resting hypoperfusion was not investigated.
Moreover, these studies evaluated patients undergoing revascu-
larization for stress-induced ischemia and/or angina. In these
anginal patients, regional dysfunction may rather reflect repet
itive stunning then hibernation (24). Actually, several authors
reported that hibernating myocardium, identified on the basis of
PET, does not show a significant contractile response to
dobutamine (12,13). To explain the lack of functional improve
ment, they hypothesized that the increased metabolic demand
could not be matched by a parallel increase in blood flow. This
hypothesis was based on the assumption that vasodilator reserve
is exhausted in the presence of a severe stenosis and resting
hypoperfusion.

This study confirms the observation that hibernating myocar
dium shows little functional response to dobutamine. However,
the lack of contractile improvement does not seem to be caused
by the occurrence of ischemia. In fact, no patient complained of
chest pain or developed ST-T segment changes during the test.
Additionally, no patient showed initial improvement followed
by consecutive deterioration of wall motion, an ischemie
behavior that occurs at higher doses of dobutamine (//).
Furthermore, the exercise stress test was negative in all patients,
even at rate-pressure products markedly higher than those
observed during dobutamine. Finally, in hibernating segments,
a marked flow increase could be observed during dobutamine
infusion. This finding should not have been caused by a partial
volume effect, which was related to the change in left ventric
ular volumes induced by the drug (25). In fact, despite similar

TABLE 2
Blood Flow Data (ml/min/g)

ControlLAD
normalWMStunnedHibernatingNecroticNo.6324363036Rest0.75

Â±0.29*T0.94
Â±0.27*T0.79
Â±0.23*'0.48

Â±0.160.43
Â±0.18Dobutamine1.14

Â±0.5Vt1.23
Â±0.41*'1.04Â±
0.40*0.78

Â±0.30*0.50

Â±0.24Dobutamine/rest1.59

Â±0.50*1.40

Â±0.501.39
Â±0.571.66
Â±0.55*1.1

6 Â±0.27

*p < 0.01 vs. necrotic segments.

Tp < 0.01 vs. hibernating segments.

LAD = left anterior descending coronary artery; WM = wall motion.

Blood flow response
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FIGURE 3. Individual flow values in the five groups of regions. A flow
response to dobutamine was observed in all but necrotic segments. A large
overlap in resting flow values was observed between necrotic and hibernat
ing regions.

values of resting hypoperfusion, necrotic regions showed a
blunted response to dobutamine, thus corroborating the concept
of a vasodilator reserve in hibernating myocardium. This
finding confirms previous observations by our group (14-16),
showing that the vasodilator reserve is not exhausted even in
those regions in which the chronic hypoperfusion is associated
with contractile dysfunction.

In conclusion, the unresponsiveness of hibernating myocar
dium to inotropic stimulation does not seem to be related to the
occurrence of ischemia. Alternative mechanisms might explain
this observation. The reduced contractility might reflect ultra-
structural or metabolic alterations of the myocardium, resulting
in an exhausted contractile reserve (20). Furthermore, an
abnormal transduction of the beta-1 stimulation (26,27) or a
reduced activity of the stimulatory Gs proteins (27) could have
reduced the sensitivity to dobutamine.

Study Limitations
The major limitation of this study is the lack of a follow-up

evaluation of functional recovery after coronary revasculariza-
tion. This limitation is primarily caused by the selection of

Stunned segment
Â¡.mldiastole End systole 0.8*J ml nini â€¢'

Koseline function

0 0
Resi MBF Deoxyslucow

1.24 ml/nun-1:

Dolmlmiilne function DohtiUmitÂ» MIM-

FIGURE 4. Echocardiographic and tomographic findings in myocardial
stunning. The analysis of baseline wall motion (top left) shows septal akinesis
improving during dobutamine administration (bottom left). PET study (right)
revealed that the septal dysfunction was associated with a preserved
perfusion (resting MBF) and deoxyglucose uptake raising the picture of
stunned myocardium.
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FIGURE 5. Echocardiographic and tomographic findings in myocardial
hibernation. The analysis of baseline wall motion (top left) shows septal
akinesis not improving during dobutamine (bottom left). PET study (right
panels) revealed that the septal dysfunction was associated with a reduced
perfusion (resting MBF) and preserved deoxyglucose uptake raising the
picture of hibernating myocardium. Despite the lack of contractile response,
dobutamine increased significantly regional MBF.

asymptomatic patients with first myocardial infarction. In these
patients with preserved global left ventricular function and
without evidence of stress-induced ischemia, the indication for

percutaneous transluminal coronary angioplasty is still contro
versial (28). However, this selection permitted the study of both
blood flow regulation and regional function in myocardial areas
exposed to coronary occlusion and persistence of a severe
stenosis, without the confounding effects of clinically evident
ischemia.

A further limitation is represented by the lack of quantitative
information about the regional metabolic rate of glucose.
However, [l8F]fluorodeoxyglucose scans were performed to

identify myocardial viability rather than to explore the regional
relationship between blood flow and metabolism. In this setting,
the additional value of quantitative estimates of glucose metab
olism has not been established so far (29).

FIGURE 6. Echocardiographic and tomographic findings in myocardial
necrosis. The analysis of baseline wall motion (top left) shows septal akinesis
not improving during dobutamine (bottom left). PET study (right) revealed that
the septal dysfunction was associated with an impaired perfusion (resting
MBF) and deoxyglucose uptake raising the picture of necrosis. Dobutamine
did not improve wall motion in this region and induced a limited effect on
myocardial perfusion.
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100% n

50% H

Stunned Hibernated Necrotic

FIGURE 7. Effects of dobutamine on regionalfunction according to baseline
classification. Stunned regions (with preserved resting perfusion) shows a
more evident functional response than did hibernating or necrotic areas.

Finally, for technical reasons, dobutamine echocardiography
always preceded PET. This invariate sequence of testing might
have introduced a systematic error because regional wall
motion might have been changed at the time of flow measure
ment. This phenomenon might have occurred in some of the
stunned regions. However, in chronically hypoperfused myo
cardium, an improvement in wall motion should be very
unlikely in the absence of revascularization procedure. More
over, in 10 of 21 patients, baseline echocardiography was
repeated at the time of PET, and no changes were observed in
regional and global left ventricular function.

CONCLUSION
The reliability of flow-metabolism mismatch in identifying

viable myocardium has been recognized for a long time
(16,19,20,22,23). Recently, dobutamine echocardiography has
been shown to reliably identify those segments with chronic
dysfunction that will recover after revascularization (8,10,11).
In this study, we found that contractile response was present in
a large number of stunned segments but not in the majority of
regions classified as hibernating by flow-metabolism mismatch.
This finding implies either an underestimation of echo in the
recognition of myocardial hibernation or an overestimation of
PET in the detection of reversible dysfunction.

Because blood flow response was preserved in hypoperfused
viable segments, transient ischemia should not have been the
cause of the unresponsiveness to dobutamine. Thus, this phe
nomenon might reflect more profound changes in the contrac
tile properties of hibernating myocardium. In this line, myocar
dial viability and reversible dysfunction might not be
synonymous. This hypothesis might explain the observation
that a significant number of segments classified as hibernating
by PET do not improve function after revascularization (20,23).
This hypothesis needs to be confirmed by further prospective
studies; however, it might indicate that, in patients with se
verely depressed left ventricular dysfunction, myocardial revas
cularization might improve prognosis (3-5) through a preser

vation of myocardial metabolism in hypoperfused areas, even in
the absence a functional improvement.
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Quantitative Assessment of Transient Regional
Ischemia During Rotational Atherectomy
Karl-Christian Koch, Eduard Kleinhans, Heinrich G. Klues, Gernot Schulz, Martin Sigmund, Udalrich Buell, Peter Hanrath

and Juergen vom Dahl
Departments of Internal Medicine I (Cardiology) and Nuclear Medicine, University Hospital, RWTH Aachen, Aachen,
Germany

Sustained myocardial ischemia with angina pectoris, electrocardio-
graphic changes and subsequent non-Q-wave infarctions has been
reported during percutaneous transluminal rotational atherectomy
of complex coronary lesions. The purpose of this study was to
evaluate the effect of rotational atherectomy on regional myocardial
perfusion as assessed by serial ""Tc-sestamibi SPECT imaging
with semiquantitative tracer uptake analysis. Methods: Twenty-nine
consecutive patients with anginal symptoms, complex coronary
lesions (all Type B and Type C) and preserved left ventricular
function were studied using resting 99mTc-sestamibi SPECT before

rotational atherectomy, during and 2 days after the procedure. For
semiquantitative computerized analysis, the left ventricular myocar
dium was divided into 24 regions, and regional perfusion was
expressed as percentage of maximal sestamibi uptake. Results:
Visual analysis of scintigraphic images revealed transient perfusion
defects corresponding to the revascularized vessel in 26 of 29
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patients, whereas three patients had no transient hypoperfusion.
During rotational atherectomy, perfusion decreased significantly (>2
s.d. below normal mean) in 3.1 Â±2.4 regions (range 1-10). Perfusion
in the territory of the revascularized vessel was 75% Â±11% at
baseline, decreased to 67% Â±12% during rotational atherectomy
(p < 0.001) and normalized again after rotational atherectomy to
78% Â±8% (p < 0.001). Similarly, perfusion in the region with the
maximal reduction decreased from 74% Â±15% at baseline to 55%
Â±14% (p < 0.001) during the procedure and returned to 74% Â±
16% (p < 0.001) following the intervention. In calcified stenoses, the
extent of perfusion defects was larger as compared to noncalcified
(4.2 Â±2.5 versus 2.3 Â±2.0 regions/patient, p < 0.05). Conclusion:
During rotational atherectomy, myocardial hypoperfusion occurs.
The transient nature of this perfusion defect can be demonstrated
and quantified by serial 99rrTc SPECT. This model may prove useful

to assess the effects of pharmacological approaches to reducing
myocardial hypoperfusion during coronary rotational atherectomy.

Key Words: coronary artery disease; myocardial perfusion; rota
tional atherectomy; SPECT; technetium-99m-sestamibi
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