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Impairment of BMIPP Uptake Precedes
Abnormalities in Oxygen and Glucose Metabolism
in Hypertrophic Cardiomyopathy
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Impairment of fatty acid uptake is shown to precede myocardial
perfusion abnormality using *2%|-labeled 15-(p-iodophenyi)-3-R,S)-
methylpentadecanoic acid (BMIPP) in an experimental model of
hypertrophic cardiomyopathy (HCM) and in human studies. We
have recently demonstrated that abnormalities of both glucose and
oxidative metabolism precede the reduction of blood flow in HCM.
The main purposes of this study were to assess the frequency of
abnormal findings in FDG uptake, BMIPP uptake and oxygen
metabolism and to clarify the relationship among these metabolic
parameters by using PET and SPECT. Methods: Twenty-eight
subjects with HCM underwent FDG- and acetate-PET and thallium-
and BMIPP-SPECT studies at rest, respectively. After correcting for
partial volume effect, real percentages of FDG and BMIPP uptake
were calculated. In addition, the clearance rate constant (K mono) of
acetate was measured and normalized (%) to estimate the oxygen
metabolism. Results: There were various metabolic abnormalities
observed in patients with HCM. BMIPP uptake was often impaired
without significant reduction of K mono values or FDG uptake. Thus,
abnormality of BMIPP uptake was more frequently observed than
that for FDG uptake or K mono values (p < 0.0001, respectively).
FDG uptake was relatively maintained even in the segments with
reduced K mono values and reduced BMIPP uptake. Conclusion:
HCM shows a variety of metabolic patterns; however, the resuits of
our study suggest that reduction of BMIPP uptake appears to be the
most sensitive indicator of metabolic abnormalities followed by
reduction of oxidative metabolism in patients with HCM.

Key Words: hypertrophic cardiomyopathy; BMIPP; PET; glucose
metabolism; oxidative metabolism
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ne heart muscle can metabolize a variety of substrates
including free fatty acids, glucose, lactate, pyruvate, ketone
bodies and amino acids, depending on plasma substrate levels,
hormonal conditions and oxygen availability (/-4). In the
fasting state, oxidation of fatty acids is the important source of
myocardial energy production. Long-chain fatty acids are
known to account for approximately 70% of myocardial energy
production while carbohydrates provide the majority of the
remaining 30% of energy requirements (/,3). After carbohy-
drate loading, on the other hand, the myocardium utilizes
glucose as a primary energy source as a result of the change in
metabolic conditions. While the assessment of myocardial
metabolism may be complicated by this diversity, it may lead to
unique patterns of substrate utilization that reflect cardiac
pathophysiology. Identification of these patterns using various
metabolic tracers may contribute to our understanding of the
pathophysiology in a variety of cardiac diseases (J,6).

Alterations in the metabolism of glucose and free fatty acid
have been reported using PET and SPECT in patients with
hypertrophic cardiomyopathy (HCM) (7-12). Sochor et al. (7)
demonstrated inhomogeneous uptake of ''C palmitate in the
hypertrophic myocardium and delayed clearance from the
myocardium in a small number of patients. Grover-McKay et
al. (8) have shown the reduced uptake of FDG and free fatty
acids using PET. Impaired regional fatty acid utilization has
also been demonstrated using '*l-labeled 15-(p-iodophe-
nyl)—3-(R,S)-methylpentadecanoic acid (BMIPP), a radiola-
beled long-chain fatty acid analog (/3,/4) in an experimental
model of HCM (9) and in human studies (10-12).

Using PET, we have recently demonstrated that not only
glucose but also oxidative metabolism were sometimes im-
paired in the hypertrophic myocardium, while the resting
myocardial perfusion was not significantly changed (/5). It is
still unknown which metabolic alterations may precede the
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other in patients with HCM. To clarify the relationship of
oxidative metabolism, FDG uptake and BMIPP uptake, and to
assess the frequency of the abnormality of these parameters,
combined PET imaging using FDG and ''C-acetate, and
SPECT imaging using thallium and BMIPP were performed in
the same patients.

MATERIALS AND METHODS
Subjects

This study group consisted of 28 patients (16 men, 12 women;
age range 13-82 yr; mean age 43.9 yr). HCM was defined as
hypertrophied and nondilated left ventricle in the absence of any
other cardiac or systemic disease that itself produces left ventric-
ular hypertrophy (16,17). The diagnosis of HCM was made based
on the clinical course and results of echocardiography, electrocar-
diography, MRI and left ventriculography. No patient had a history
of diabetes or hypertension. Each subject gave written informed
consent approved by the Kyoto University Ethics Committee.

Echocardiographic Studies

Echocardiographic studies were performed with an HP model
1000 instrument (Hewlett-Packard Co., Palo Alto, CA) using 2.5-
and 3.5-MHz transducers. M-mode echocardiography was per-
formed on parasternal long- and short-axis views and apical two-
and four-chamber views. The M-mode echocardiographic measure-
ments were performed according to the criteria recommended by
the American Society of Echocardiography (/8).

When the end-diastolic thickness of the septum was at least 15
mm and its ratio to that of the left ventricular posterior wall was 1.3
or greater, asymmetrical septal hypertrophy was considered to be
present (1/0). When the echocardiographic apical long axis or
four-chamber view demonstrated apical hypertrophy and a spade-
like configuration was also found in the right anterior oblique
ventriculogram at end-diastole, apical hypertrophy was considered
to be present (19).

Hypertrophy of the anterior septum or the posterior free wall was
assessed as present when diastolic wall thickness was = 15 mm;
hypertrophy of the posterior septum and lateral free wall was
defined as a diastolic thickness = 17 mm (20,21).

SPECT Imaging

SPECT was performed 20 min after injection of 111 MBq (3
mCi) ')I-BMIPP at rest after overnight fasting. SPECT images
were obtained with a rotating gamma camera equipped with a
low-energy, general-purpose collimator, collecting 32 views, 30
sec each, over 180° from the right anterior oblique to the left
posterior oblique projections. The total acquisition time was
approximately 18 min (22).

Thallium SPECT imaging was performed on a separate day.
After injection of 100 MBq (2.7 mCi) of thallium at rest, SPECT
images were obtained 15 min later in a similar manner as the
BMIPP study.

After tomographic acquisition, each projection was stored on a
hard disk and smoothed with a Hanning filter with a cutoff
frequency of 0.5 cycle per pixel. A series of transverse slices of
6-mm thickness per slice were reconstructed by use of a filtered
backprojection technique with a ramp filter (23). The in-plane
resolution of the SPECT scanner was 16-mm at full width half
maximum (FWHM) after reconstruction. Data were reoriented to
obtain the oblique-angle tomograms parallel to the long-axis of the
left ventricle. No attenuation or scatter correction was performed.
SPECT imaging using both thallium and BMIPP was performed in
22 subjects of this study group.
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PET Imaging

The PET studies were performed using a whole-body PET
camera (PCT 3600W, Hitachi Medical Co., Tokyo, Japan), provid-
ing 15 slices simultaneously at 7-mm intervals. The scanner has an
effective resolution of 9 mm and an axial resolution of 7 mm at
FWHM after reconstruction (22,24,25). Each subject was posi-
tioned in the gantry of the PET camera with the aid of ultrasound.
At the beginning of the PET study, a transmission scan was
obtained for 20 min using a *Ge/*®Ga external source to correct
photon attenuation.

Approximately 185 MBq (5 mCi) of FDG was administered at
rest 40—60 min after a 75-g oral glucose load. Serial dynamic PET
scans (30 sec X 8 frames, 4 min X 12 frames) were performed after
FDG administration. FDG-PET imaging was performed in 23
subjects of this study group.

On a different day, serial PET imaging was performed at rest
after infusion of 370 MBq (10 mCi) ''C-acetate acquiring 20
frames of 60 sec each for 20 min to assess oxidative metabolism
and perfusion (22,26). Acetate PET studies were conducted in 24
subjects of the study group. All of the PET and SPECT studies
were performed within 5 wk.

Data Analysis

SPECT Data. Eleven regions of interest (ROI) were drawn on
the thallium and BMIPP transaxial images in a similar fashion to
assess apparent regional thallium and BMIPP uptake (25). Our
previous investigations using PET have shown that myocardial
blood flow after correction for partial volume effect is approxi-
mately homogenous throughout the myocardium (/5). The spatial
resolutions of PET and SPECT scanner are different. Therefore,
BMIPP uptake was corrected for partial volume effect, using
thallium perfusion images. BMIPP uptake was measured as 100%
in the nonhypertrophic posterior segment of the midventricular
slice to obtain the normalized apparent BMIPP uptake. Similarly,
data for apparent perfusion were normalized (%). To obtain the
normalized real BMIPP uptake without partial volume effect, the
real percentage of regional BMIPP uptake in each ROI was
calculated as follows:

Real percentage of regional BMIPP uptake
= (% apparent BMIPP-uptake)/(% apparent thallium uptake) X 100.
Eq. 1

PET Data. PET perfusion images were reconstructed from the
frame with the peak myocardial activities in the dynamic acetate
images (15,22,27). FDG static images were reconstructed from the
last three frames (between 40 and 52 min postinjection) (/5). These
PET images represent apparent regional perfusion and FDG uptake
including partial volume effect. After reconstruction of 15 slices of
transverse tomograms, oblique tomograms parallel to the long-axis
of the left ventricle were also reconstructed. Eleven ROIs were
drawn on the corresponding three transaxial images in the apparent
perfusion and FDG images in a similar fashion. In the analysis of
FDG-PET and PET-perfusion images, apparent FDG uptake and
PET-perfusion were measured as 100% in the nonhypertrophic
posterior segment of the midventricular slice. Like in the analysis
of BMIPP SPECT images, the real percentage of regional FDG
uptake in each ROI was calculated as 100% in the nonhypertrophic
posterior segment of the midventricular slice using the following
equation:

Real percentage of regional FDG uptake
= (% apparent-FDG-uptake)/(% apparent-perfusion) X 100. Eq. 2

In the analysis of ''C-acetate PET studies, the time-activity
curves of the corresponding 11 ROIs were generated from serial
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PET images after correction of dead time, physical decay and cross
contamination (26-28). From these time-activity curves, the clear-
ance rate constant (K mono) (/min) of each ROI was calculated by
a monoexponential fitting as a marker of oxidative metabolism
(22,26,29,30). Theoretically, K mono values are not affected by
partial volume effect. K mono values were also normalized as
100% in the posterior segment of the midventricular slice. K mono
images were also created by calculating the clearance rate constant
pixel-by-pixel in a similar fashion. After reconstruction of 15 slices
of transverse K mono images, oblique tomograms parallel to the
horizontal long-axis of the left ventricle were also reconstructed for
the display purpose.

The frequency of abnormal segments was analyzed for BMIPP
uptake, FDG uptake and oxidative metabolism in the 17 subjects
who underwent every study. The uptake of FDG or BMIPP was
considered to be impaired when the real percentage of these tracers
was < 80%. Similarly, oxidative metabolism was judged as
abnormal if the K mono value was < 80%. The borderline of 80%
was determined by our observation of the metabolic parameters in
the nonhypertrophic myocardium. The mean value minus 2 s.d.,
i.e., 80% was chosen as the lower normal limit (Table 1).

Statistical Analysis

Data were presented as mean * s.d. To compare the frequency
of the abnormal segments of BMIPP uptake, FDG uptake and K
mono values, chi-square analysis was performed. Comparison of
myocardial metabolic parameters was performed by unpaired
Student’s t-test (between two groups) or analysis of variance with
posthoc Scheffe’s F-test (among three groups). Significant differ-
ences were considered to be present when p value was < 0.05.

RESULTS
Table 2 summarizes the patients’ profiles and the results of
ultrasonography and scintigraphy.

Frequency of Abnormality

Abnormality of BMIPP uptake was observed in 15 subjects
(72.7%) among the 22 subjects who underwent SPECT imag-
ing. Reduction of K mono values was noted in 11 (45.8%) of 24
subjects who underwent acetate PET studies, while abnormality
of FDG uptake was seen in 6 (26.1%) of 23 patients in whom
FDG-PET imaging was performed.

Abnormal segments of BMIPP uptake (33.7%) were more
frequently observed than those of FDG uptake (5.3%) or K
mono values (18.2%) in patients with HCM (p < 0.0001,
respectively). The frequency of abnormal segments of K mono
values was more than that of FDG uptake (p = 0.0001).

Real BMIPP Uptake and Real FDG Uptake Versus K Mono
Value

Table 1 shows the results of metabolic parameters in the
hypertrophic and nonhypertrophic segments. Every metabolic
parameter was lower in the hypertrophic myocardium than in
the nonhypertrophic myocardium (p < 0.0001). In the nonhy-
pertrophic myocardium, the three metabolic parameters did not
differ significantly. In the hypertrophic myocardium, on the
other hand, real percentage of BMIPP uptake was significantly
lower than that of FDG uptake and percent K mono (p <
0.0001, respectively). In addition, percent K mono was also
significantly lower than real percentage of FDG uptake (p =
0.0088).

Figure 1 shows the relationship between the real percentage
of BMIPP uptake and the percent K mono values in 18 subjects
who underwent both acetate-PET and SPECT studies. Figure 2
shows the relationship between the real percentage of FDG
uptake and the percent K mono values in 17 subjects who
underwent both FDG-PET and SPECT studies. These figures
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TABLE 1
Results of Metabolic Parameters in Hypertrophic and

Nonhypertrophic Myocardium
Hypertrophic  Nonhypertrophic
Real percentage of FDG uptake 909 * 12.3* 965+79
Real percentage of BMIPP uptake  73.1 + 16.1 956 = 7.6
Percent K mono 85.2 + 15.2¢ 962 +79

*p < 0.0001 vs. real percentage of BMIPP uptake.
*p = 0.0088 vs. percent K mono.
*p < 0.0001 vs. real percentage of BMIPP uptake.

indicate that FDG uptake was always maintained when the K
mono values were normal. However, there were two types of
segments including those with normal BMIPP uptake (Fig. 3)
and those with reduction of BMIPP uptake (Fig. 4). Among
those with reduction of K mono values, some segments showed
reduced BMIPP uptake with relatively preserved FDG uptake
(Fig. 5). When the reduction of K mono values was severe,
FDG uptake was also reduced as well as BMIPP uptake (Fig. 6).

DISCUSSION

The present data demonstrate that a variety of metabolic
patterns are present in HCM. Among them, reduction of BMIPP
uptake was more frequently observed than the impairment of
FDG uptake and oxidative metabolism, suggesting that impair-
ment of long-chain fatty acid metabolism may precede other
metabolic abnormalities in the hypertrophic myocardium.

Correction for Partial Volume Effect

Quantitative assessment of HCM by radionuclide imaging is
always hampered by low spatial resolution. The partial volume
effect causes underestimation of regional tissue activities when
the thickness of the myocardial wall is less than twice the
spatial resolution of the imaging device (3/). Asymmetrical
hypertrophy of left ventricular myocardium is characteristic in
HCM. The partial volume effect causes underestimation of the
true count especially in the nonhypertrophic myocardium.
Therefore, an appropriate correction for this effect is required
for the assessment of the true tracer concentrations, using
recovery coefficient and anatomical information obtained by
ultrasonography or MRI (8,15,21). We have recently demon-
strated that the resting myocardial blood flow after correction
for partial volume effect is approximately homogenous
throughout the myocardium in patients with HCM (/5). There-
fore, we used perfusion images (acetate images with peak
myocardial activities or thallium images) to correct for this
effect. Myocardial glucose and oxidative metabolism are con-
sidered to be normal in the nonhypertrophic myocardium (/5).
Moreover, BMIPP uptake is reported to be impaired in the
hypertrophic myocardium (9-12). Therefore, we have normal-
ized these parameters to the nonhypertrophic myocardium.

Mechanism of BMIPP Uptake

Iodine-123-BMIPP is a methyl-branched long-chain fatty
acid analog. Because of rapid clearance of the blood activity
and long tracer retention in the myocardium after BMIPP
administration, excellent images of the ventricular myocardium
are obtained, particularly with SPECT (32,33). Most BMIPP is
trapped in the triglyceride fraction, and a small percentage of
BMIPP is catabolized by initial a-oxidation in the cells (34,35).
The myocardial uptake of BMIPP is affected by regional blood
flow, a decreased triglyceride pool, and increased back diffu-
sion from cells because of reduced ATP (34,35). We have also
demonstrated that BMIPP uptake does not reflect B-oxidation
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TABLE 2
Patient Profiles and the Results of Echocardiography and Scintigraphy

Patient  Age NSth  LVPWth  LWDd  LVDs  LVEF Abnomal findings
no e Sex  Type  (mm) (mm) mm  (mm) %) BMIPP  Kmono  FDG
1 50 F APH 10 1 50 33 63 + + +
2 61 M APH 13 14 48 28 72 + + +
3 38 M ASH 20 12 44 29 66 + + +
4 14 M ASH 15 10 58 31 64 - - -
5 62 M ASH 17 10 45 28 80 + - -
6 82 M ASH 20 12 39 17 73 N + _
7 58 M ASH 2 13 58 2% 60 + + _
8 46 F ASH 20 1 41 25 68 + N -
9 13 F ASH 28 1 49 31 76 + - -
10 50 M ASH 15 1 44 25 75 - - -
1 17 M ASH 16 12 47 29 78 + - -
12 63 F ASH 15 1 40 2 74 - - -
13 63 F ASH 18 8 38 2 73 - - -
14 60 F ASH 18 10 a1 2 78 + + +
15 19 F ASH 15 8 52 25 7 + + +
16 79 M ASH 15 10 52 30 58 - - -
17 53 F ASH 16 10 4 25 70 + - -
18 31 M ASH 2 12 1 25 75 + + np
19 26 F ASH 15 10 60 a1 56 np - -
20 24 F ASH 15 9 51 36 65 np + +
21 47 F ASH 17 12 59 36 62 o - -
22 45 M ASH 16 1 54 37 50 np + -
23 14 M ASH 15 9 38 21 73 np - -
24 17 M ASH 17 12 47 28 60 np - -
25 28 M ASH 15 9 40 30 55 + np np
2% 58 M ASH 18 1 40 25 65 + no np
27 60 F ASH 16 10 a1 2 74 - np np
28 51 M ASH 22 12 40 22 70 + np np

APH = apical hypertrophy; ASH = asymmetrical septal hypertrophy; IVSth = end-diastolic thickness of the septum; LVPWth = end-diastolic thickness

of the posterior wall; LVDd = end-diastolic left ventricular dimension; LVDs =

end-systolic left ventricular dimension; np = not performed

itself but a fatty acid retention by comparing the data obtained
by ''C palmitate PET studies (36).

Reduction of BMIPP Uptake in Hypertrophic
Cardiomyopathy

BMIPP uptake is reported to be reduced mainly in the
hypertrophic myocardium, suggesting abnormal fatty acid me-
tabolism (9-12). In the current study, reduction of BMIPP
uptake was also frequently observed. Recent investigations
report that defects involving the oxidation of long-chain fatty
acids are more likely to cause cardiomyopathy than those
involving the metabolism of medium- or short-chain fatty acids
(37-43). In addition, another recent report shows that the
cardiac hypertrophy is also induced by the suppression of
myocardial long-chain fatty acid uptake in rats (44). These
results indicate the possible linkage of abnormal long-chain
fatty acid uptake with cardiac hypertrophy. The reduced BMIPP
uptake observed in patients with HCM may reflect such an
abnormal long-chain fatty acid utilization.

A Variety of Metabolic Patterns

In the current study, there were a variety of metabolic
patterns in patients with HCM. A myocardial tissue showing
severe impairment of all K mono values, FDG uptake and
BMIPP uptake is considered to be fibrotic tissue from the
metabolic point of view (Fig. 6). Interestingly, blood flow is
preserved in spite of impairment of every metabolic activity.
Such a discrepancy between metabolism and blood flow is not
usually observed in the ischemic heart disease. Figure 5 shows
reduced BMIPP uptake and impaired oxidative metabolism in
the hypertrophied myocardium while FDG uptake is preserved,
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suggesting that anaerobic glucose metabolism plays a certain
part in energy production in these segments. Figure 4 shows that
BMIPP uptake is reduced in the segments with relatively
preserved K mono values and FDG uptake. In these segments,
primary energy source is converted from free fatty acid to
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FIGURE 1. Correlation between the real percentage of BMIPP uptake and
percent K mono in the hypertrophic (filled circles) and nonhypertrophic
segments (open circles). The dotted line indicates the line of identity.
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FIGURE 2. Correlation between the real percentage of FDG uptake and
percent K mono in the hypertrophic (filled circles) and nonhypertrophic
segments (open circles). The dotted line indicates the line of identity.

glucose even in the fasting condition. In addition, there were
some subjects with preservation of every metabolic parameter
in the hypertrophic myocardium (Fig. 3).

Relationship Among Metabolic Parameters

Abnormality of BMIPP uptake was more frequently observed
and was severer than that of FDG uptake or K mono values in
patients with HCM. Figures 1 and 2 and Table 1 showed that
BMIPP uptake was more easily impaired than both K mono
values and FDG uptake. These data suggest that reduction of
BMIPP uptake is the most sensitive parameter of metabolic

FIGURE 3. Horizontal-long axis images
a patient who had ASH (Patient 13). BMIPP and FDG uptake were main-
tained, and K mono was also preserved in the hypertrophic septal region.

of SPECT (A) and PET (B) studies in
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FIGURE 4. Horizontal-long axis images of SPECT (A) and PET (B) studies in
a patient who had ASH (Patient 11). BMIPP uptake was reduced consider-
ably in the hypertrophied septal region while FDG uptake and K mono were
almost maintained.

abnormality observed in HCM. The frequency of abnormality
of K mono values was more than that of abnormal findings
observed in FDG uptake. Figure 2 indicates that K mono values
tend to be more reduced than FDG uptake. Therefore, the first

BMIPP

).%

K mono

THALLIUM

Perfusion

FIGURE 5. Horizontal-long axis images of SPECT (A) and PET (B) studies in
a patient who had ASH (Patient 8). Hypertrophy was present from the
anteroseptal to anterolateral region as shown in the thallium image while
apparent BMIPP uptake was relatively homogenous. This indicated that
BMIPP uptake was reduced in this hypertrophied region. The K mono image
showed that oxidative metabolism was impaired in this hypertrophic region
while FDG uptake was almost maintained.

No. 3 « March 1998



THALLIUM

BEMIFT
B

APy

Perfusion K mono

FDG
FIGURE 6. Horizontal-long axis images of SPECT (A) and PET (B) studies in
a patient who had APH (Patient 2). BMIPP and FDG uptake were decreased,
and K mono was also reduced in the hypertrophied apical region, indicating
impaired metabolic activities while perfusion was preserved.

manifestation of myocardial metabolic abnormalities associated
with HCM is considered to be the reduction of BMIPP uptake
followed by the impairment of oxidative metabolism, and
impaired FDG uptake is thought to be observed only in later
stages of the disease.

Such various metabolic abnormalities may indicate the dif-
ferent stages in the course of the disease process. The evaluation
of BMIPP uptake, oxidative metabolism assessed with acetate
and FDG uptake may contribute to the classification and
characterization of the damaged myocardium in patients with
HCM. This classification may be helpful for the assessment of
the severity and the prediction of the prognosis of this disease.
The current observations suggest a wide spectrum of metabolic
alterations in this disease. To fully elucidate the abnormality of
metabolism in patients with HCM, careful follow-up studies
including a wide population are warranted.

Study Limitations

In the present studies, we only used semiquantitative data
since the main purpose of this study was to compare the PET
and SPECT data. SPECT data are usually obtained as semi-
quantitative ones; thus, in the PET studies, we only used
semiquantitative data. For more precise quantitative analysis,
comparison of all the PET parameters including ''C palmitate
should be warranted.

Additionally, we normalized every parameter including
blood flow, FDG uptake, BMIPP uptake and K mono values to
the nonhypertrophic myocardium. This may be another possible
limitation of our study. It is based on our assumption that
myocardial metabolism is considered to be normal in the
nonhypertrophic myocardium and that myocardial blood flow at
rest does not differ significantly between hypertrophic and
nonhypertrophic myocardium. This may not apply to every
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HCM because the etiology of HCM will not be single. A more
sophisticated method of partial volume correction (45) and a
more refined quantitative analysis of perfusion and metabolism
(45-47) may be required in order to overcome this limitation.

CONCLUSION

HCM showed a variety of metabolic patterns assessed by
PET and SPECT. Our results, however, suggest that the first
manifestation of metabolic abnormalities observed in HCM is
the reduction of BMIPP uptake followed by the impairment of
K mono values and that FDG uptake is reduced finally. Thus,
reduction of BMIPP uptake is considered to be the most
sensitive indicator of the metabolic abnormalities in patients
with HCM.
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Perfusion-Contraction Mismatch During Inotropic
Stimulation in Hibernating Myocardium

Gianmario Sambuceti, Assuero Giorgetti, Luca Corsiglia, Cecilia Marini, Jan Schneider-Eicke, Claudio Brunelli,
Paolo Marzullo, Antonio L’Abbate, Salvatore Capponnetto and Oberdan Parodi
Consiglio Nazionale delle Ricerche Institute of Clinical Physiology, Pisa; and Cattedra di Cardiologia, University of Genoa,

Genoa, Italy

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 durin% dobutamine administration (10 ug/kg/
min). Results: Defined by ['®Flfluorodeoxyglucose uptake, 36 of 102
dyssynergic segments were necrotic, and 66 were viable. The latter
segments were subdivided according to their ["*NJammonia 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 = 0.18 versus 047 = 0.16
mimin~'-g~"; not significant), and both resting values were lower
than those seen in stunning (0.79 * 0.24; p < 0.05). Flow response
to dobutamine was markedly reduced in necrosis (dobutamine/
resting flow = 1.16 = 0.27), whereas it was maintained in hiberna-
tion (1.65 * 0.54) and stunning (1.42 + 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 Nucl Med 1998; 39:396-402

Aﬁer 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-

THE JOURNAL OF NUCLEAR MEDICINE « Vol. 39 « No. 3 « March 1998





