
myocardium may allow a more adequate selection of patients
with coronary artery disease, who may benefit from a revascu
larization procedure. Metabolic imaging using â€˜8F-fluorodeoxy
glucose (FDG) and PET has been shown to differentiate viable
from necrotic myocardium (2,4â€”9).FDG may also be used in
combination with SPECT (10â€”15).SPECT cameras are widely
available and may allow more widespread use of FDG.

To further validate the use of this approach, we studied 24
patients undergoing revasculanzation with FDG SPECT and
201T1 rest-redistribution SPECT, which is frequently used to
assess viability (3,16â€”21 ), and compared the results with

improvement of function after revascularization.

MATERIALS AND METHODS

Patients and Study Protocol
We prospectively studied 24 patients with regional wall motion

abnormalities on echocardiography who were scheduled for revas
culanzation. All had chronic coronary artery disease and were
studied > 1 mo after infarction. All patients were clinically stable
during the study period. Seventeen patients underwent coronary
artery bypass grafting and 7 underwent percutaneous transluminal
coronary angioplasty (PTCA). Referral for revascularization was
based on clinical and angiographic data, whereas the scintigraphic
data did not influence patient management. After an overnight fast,
201T1rest-redistributionSPECTwasperformed,with the initial
image reflecting myocardial perfusion and the late image repre
senting viability (18). On the same day, FDG SPECT was
performed during hyperinsulinemic euglycemic clamping. To corn
pare myocardial FDG uptake with regional perfusion, the early
image ofthe 201Tlrest-redistribution study was used. Regional wall
motion and thickening were analyzed by echocardiography before
and 3 mo after revascularization. Each patient gave informed
consent to the study protocol, which was approved by the ethical
committees of the participating hospitals.

Thallium-201 Rest-Redistribution SPECT
The 20tTl rest-redistribution study was performed as described

previously (3, 16â€”21). In short, images were obtained 10â€”15mm
after injection of 111 MBq TI-chloride. A late (redistribution)
image was acquired 4 hr after tracer injection. A dual-head gamma
camera system (ADAC Laboratories, Milpitas, CA) was used, and
data acquisition was performed over 360Â°.Transaxial slices (1
pixel, 6-mm thickness) were obtained by filtered backprojection;
slices were not corrected for attenuation. Further reconstruction
yielded long- and short-axis projections perpendicular to the heart
axis. Circumferential count profiles (60 radii, highest pixel activity!

Recently, the use of 18F-fluorodeoxyglucose (FDG)with SPECT has
been proposed to identify viable myocardium. Thallium-201 rest
redistribution SPECT is frequenfly used for this purpose. The aim of
this study was to compare the relath,emerfts of the two techniques
to predict improvement of regional left ventricular function after
revascularizalion. Methods: Twenty-four patents scheduled for
revascularization were studied. Regional COntractile function was
evaluated wfthechocardiography before and 3 mo after revascular
@ization.The patients underwent @Â°ii@ SPECT and
FDG SPECT on the same day; the early @Â°iiimage Obtained in the
rest-redistribution protocol was also used as a perfuskn study for
comparison with FDG SPECT. The SPECT data were anahjzed
semkiuantftative@, using polar maps. For analysis of echo and
SPECTdata,a 13-segmentmodelwasused.Dysfunctionalsag
ments were classilled as viable on FOG SPECT if normal perfuskn
or mismatch pattern (increased FOG uptake in perfusion defects)
was seen. For 20111rest-redistribution SPECT, criteria for v@lfty
included the percentage of @Â°iiuptake and rever@lity of defects.
Results On echocardiography, 106 segments were dysfUnCtkxial.
Recovery of function was observed in 36 segments, whereas
function dki not improve in 70. FDG SPECT showed a sensitivfty of
89% [95%confidenceinterval(Cl)79%-99%]anda specificityof
81% (95% CI 7294-90%). Thallium-201 rest-redistributionSPECT
had a sensitivityof 67% (95% Cl 52%â€”82%)and a specificityof
77% (95% Cl 67%-87%). Conclusion: Our data show that the
diagnostic accura@s (to predkt improvement of contractile func
tion after revascularization) of both techniques were not significanfly
different, indk@a1ingthat both imaging mod@es may provkle corn
parable information concerning prediction of improvement of func
flon.
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Regionalleftventricular(LV)dysfunctionmaynotnecessar
ily represent irreversibly damaged myoca.rdium. Both hiberna
tion and (repetitive) stunning may lead to regional myocardial
dysfunction in the presence of viable myocardium, and com
plete or partial recovery of function may occur after revascu
larization (1 ). Moreover, if a substantial amount of dysfunc
tional but viable myocardium is present, improvement of global
LV function may occur after revascularization (2,3). Thus, the
differentiation between dysfunctional but viable versus necrotic
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CharacteristK@NumberPatients24Sex(M/F)21/3Age@yr)65Â±8Previous

infarction21(88%)Q

wave oneisctrocardiogram14(78%)Coronary
anatomyOne-vessel
disease3(12%)Two-vessel
disease9(38%)Three-vessel

disease12(50%)LVEF45%Â±14%LVEF

= left ventricular ejection fraction.

TABLEI
Clinical CharaCteriStk@Sof the Study Population

FiGURE 1. Schematicpresentationof the 13-segmentmodel used for
echocardiographic and scintigraphk@studies. A = antenor@AL = anterolat
eral; APX = apex; AS = anteroseptal; I = inferk@ IL = inferolateral; IS =
inferoseptal; 1 = basal; 2 = distal.

radius) from the early and late 201T1 short-axis slices were
generated and displayed in a polar map format. To compare the
polar map data with the echo data, the polar maps were divided into

13 segments (Fig. 1), aligning the 13 echo segments (see below).
A region of normal perfusion (defined as the segment with the

highest 201Tluptake) was selected from the early 201T1polar map.
The activity of this segment was normalized to the activity of the
same segment of a normal database (1 1), and all other segments
were adjusted correspondingly. For example, if the patient's 201Tl
activity was 70% in the selected normal region, and the corre
sponding activity in the normal database was 90%, then all other
activities on the patient's polar map were adjusted by a factor of
90!70.

The region of normal perfusion was projected on the late 201Tl
polar map, and the same normalization procedure was followed.
Segments were considered to have a perfusion defect when the

201T1activityontheearlypolarmapwas> 2 s.d.belowthenormal
reference value. The early and late segmental 201Tlactivities were
expressed as percentage ofthe corresponding normal reference values.
A segment was considered viable ifsignificant redistribution occurred
in a perfusiondefect or ifthe segmental201'flactivityon the late image
exceeded a threshold (3,18). The optimal cutoff levels for 201fl

redistribution and activity were defined by receiver operating charac
teristic (ROC) curve analysis (see statistical analysis).

FDG SPECT
Subjects underwent a hyperinsulinemic glucose clamp as de

scribed previously (22) to standardize metabolic conditions
throughout FDG SPECT. FDG (185 MBQJwas injected after 60
mm of clamping; another 45 mm were allowed for myocardial
FDG uptake (23). Data acquisition was performed with the same

camera system as described for 201Tl.Specially designed collima
tors were used to detect 5 11-keV photons (van Mullekom; Nuclear
Fields, Boxmeer, The Netherlands) (24). Reconstruction and anal
ysis of data were identical to that of the 201Tldata.

On FDG SPECT, a segment was considered viable if perfusion
was normal or if FDG uptake was increased >7% in a perfusion
defect. The cutoff level of 7% increased FDG uptake in perfusion
defects has been established using ROC analysis on the level of
increased FDG uptake in perfusion defects in 44 patients undergo
ing revascularization (25).

Two-Dimensional Echocardiography
The echocardiographic images were recorded on videotape,

digitized on optical disk (PreVue III; NovaMicrosonics,) and
displayed side by side to facilitate comparison of pre- and post
revascularization images. The data were reviewed off-line and
consensus was achieved by two observers blinded to the SPECT
data. A 13-segment model was used, matching the SPECT seg
ments (12). Both wall motion and wall thickening were analyzed.

Each segmentwas assigned a wall motion score ranging from 0â€”3:
normal = 0, hypokinetic = 1 (decreased endocardial excursion and
systolic wall thickening), akinetic = 2 (absence of endocardial
excursion and systolic wall thickening) or dyskinetic = 3 (pam
doxical outward movement in systole). Wall thickening was
primarily used for the classification of septal wall motion, thereby

preventing the problem ofparadoxical septal motion after coronary
artery bypass graft (CABG) (26). Improvement of regional wall
motion after revascularization was considered ifsystolic thickening
(hypo- or normokinesia) was seen in a segment that was akinetic or

dyskinetic at baseline or if normal wall motion was seen in
segments that were hypokinetic at baseline. Only segments that

were succesfully revascularized were analyzed; revasculanzation
was based on a review of the CABG and PICA reports.

S@cal Ana@
All results were expressed as mean Â±s.d. Patient data were

compared using the Student's t-test for paired and unpaired data
when appropriate. A p < 0.05 was considered significant. ROC
analysis was performed to determine the optimal cutoff levels for
percentage 201Tl redistribution and activity on the late image to
predict functional improvement after revascularization. The opti
mal cutoff values chosen were defined as those providing the
maximal sum of sensitivity and specificity. Sensitivity and speci
ficity are based on their standard definitions and presented with
their 95% confidence intervals (CIs). Statistically significant (p <
0.05) differences between techniques are present whenever 95%
CIs do not overlap.

RESULTS

Patient Characteristics
The characteristics ofthe study population are given in Table

1. Twenty-one patients had a previous infarction > 1 mo before
the study. Patients had on average 2.2 Â±2.8 stenosed coronary
arteries.

Baseline Characteristics and Functional Outcome
In the 24 patients, 3 12 segments were analyzed by echocar

diography, showing normal wall motion in 199 (64%) segments
and abnormal wall motion in 113 (36%) segments. Seven
segments were excluded from the analysis because of made
quate revasculanzation (by review of the surgical and PTCA
reports). Of the remaining 106 dysfunctional segments, 56
(53%) were hypokineticand 50 (47%) were akinetic or dyski
netic. After revascularization, 36 (34%) segments had improved
function, including 20 akinetic and 16 hypokinetic segments.

Seventy (66%) segments demonstrated no improvement after
revascularization, including 2 dyskinetic, 28 akinetic and 40
hypokinetic segments.
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Group 1* Group ll@
(n=36)(n=70)pSegmental

WMS 1.58 Â±0.50 1.52 Â±0.56NSbeforeSegmental

WMS after 0.37 Â±0.48 1.58 Â±0.56<0.001Thallium
activityon late 81.7 Â±15.5 74.7 Â±13.4<0.05image

(%)RediStribUtiOn
on late 5.1 Â±7.5 0.4 Â±5.1<0.01image

(%)FDG
activity (%) 92.6 Â±13.9 73.6 Â±16.3<0.01Increased

FDGuptake 19.3 Â±15.1 â€”0.8Â±10.2<0.01in
perfusiondefectsâ€˜With

improved function afterrevascularization.tWithOUt
improvement of function afterrevascularization.NS

= notalgnificant;WMS= wallmotionscore.

SensitMtySpecfficfty(95%
Cl)(95% Cl)

*p< 0.05 vs. FDGSPECT.
ACT= 20111activityon late image;Cl = confidenceinterval;COMB=

comt*@ationof RED and ACT; RED = percentage redistribution; AR = rest
redisthbution.

SPECT and 201Tl rest-redistribution results is shown in Figure

Influence of Segment Location on Prediction of Functional
Outcome. Because 201Tl and FDG have different photon ener
gies, possibly leading to differences in attenuation (particularly
in the inferoseptal region), the accuracy of FDG SPECT (and
also of 201T1rest-redistribution imaging) was determined in the
different regions (anterior, lateral and apical versus inferior and
septal). Of the 36 segments with recovery after revasculariza
tion, 19 were located in the anterior, lateralor apical regions and 17
were located in the inferior or septal regions. Of the 70 segments
without recovery, 35 were located in the anterior, lateral or apical
regions and 35 in the inferior or septal regions. The sensitivity and

specificity of FDG SPECT in the anterior, lateral and apical

regions were 89% (95% CI 75%-lOO%) and 77% (95% CI
63%â€”91%),respectively. In the inferior and septal regions, these
values were 88% (95% CI 73%â€”lOO%)and 86% (95% CI
74%â€”98%),respectively. For 201Tlrest-redistribution imaging, the
sensitivity and specificity in the anterior, lateral and apical seg

ments were 68% (95% CI 47%-89%) and 60% (95% CI 44%-

76%), respectively. For the inferior and septal regions, these values
were 82% (95% CI M%@l@1J%) and 54% (95% CI 37%-7l%),

respectively.

DISCUSSiON
The findings in this study show that FDG SPECT can

accurately detect dysfunctional but viable myocardium in pa
tients with coronary artery disease. FDG SPECT was both a

FIGURE2. Correspondingseriesof@Â°@Tlrest-redistribUtiOnSPECTandFDG
SPECT short-axis slices. The ear@j @@111@ (@p) ef@ a defect in the
lateral wall, with rediSttibUtiOnon late @@111images (mkidle).FOG slices
(bottom)show increased uptake inthe lateralwallcompared wfthear@@@Â°ii
images.Lateralwallwas akineticon restingechocardiographyand improved
infunctionafterrevascularization.

TABLE 2
Comparison Between CharaCteriStics of Segments After

Revascularization

TABLE3
Sensitivity and Specificity of FDG SPECT and Thailium-201 Rest

RedistributiOn SPECT to Predk@t Improvement of Function After
Revascularization

FOG SPECT89% (79%-99%)81 %(72%-90%)2011.1

AR RED67% (52%-82%)77%(67%-87%)201-n
AR ACT78% (64%-92%)59% (47%-71%)*20111
AR COMB78% (64%-92%)59% (47%-71%)*

2.

Scintigraphic Characteristics of the Segments With Versus
Without Improvement

The differences between segments with and without func
tional improvement after revascularization are listed in Table 2.
The severity of wall motion abnormalities before revasculariza
tion was comparable between both groups.

The segments with improvement had increased FDG uptake
relative to 201Tl uptake, indicating metabolism-perfusion mis
match in these segments. Also, these segments showed signif
icant redistribution on 201Tl rest-redistribution imaging. Finally,
the 201Tl activity on the late image was significantly higher in
segments with improvement compared with those without
improvement in function.

Prediction of Functional Outcome
FDG SPECT. FDG SPECT classified 32 of 36 segments that

improved after revascularization as viable, including 10 seg
ments with normal perfusion and 22 segments with a perfusion
defect and increased FDG uptake. Conversely, FDG SPECT
classified 57 of 70 segments that did not improve as nonviable.
Hence, FDG SPECT had a sensitivity of 89% (95% CI
79%â€”99%)and a specificity of 8 1% (95% CI 72%â€”90%)to
predict functional recovery after revascularization.

Thallium-201 Rest-Redistribution SPECT. The cutoff level
for 201Tl activity on the late image, discriminating best between
segments with and without improvement, was 75%. Using this
criterion alone, a sensitivity of 78% (95% CI 64%@@92%) and a

specificity of 59% (95% CI 47%â€”71%)were reached. The
cutoff value for the percentage redistribution, discriminating
best between segments with and without improvement, was 5%.
Applying this criterion yielded a sensitivity of 67% (95% CI
52%â€”82%) and a specificity of 77% (95% CI 67%â€”87%).
When both criteria were combined, a sensitivity of 78% (95%
CI M%92%) and a specificity of 59% (95% CI 47%â€”71%)
were found.

Comparison Between FDG SPECT and Thallium-201 Rest
Redistribution SPECT. The sensitivities and specificities of
both tests were not significantly different when percentage
redistribution was used as the only determinant of viability on
201T1rest-redistributionimages(Table3). When201Tlactivity
on the late image or the combination of 201T1 activity and
percentage redistribution were used as criteria for viability,
FDG SPECT showed a higher specificity than 201Tl rest
redistribution SPECT. An example of a patient with improve
ment of function after revascularization and concordant FDG
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sensitive and specific predictor of improvement of regional
contractile function after revascularization. Thallium-201 rest
redistribution SPECT showed a comparable sensitivity and
specificity, when only percentage redistribution was used as an
indicator of viability. When the activity on the late 201Tl image
was also used as an indicator of viability, the specificity
of 201Tl rest-redistribution SPECT was lowered significantly.

Pathophysiology of Chronic Dysfunctional but Viable
Myocardium

Under physiological circumstances, myocardial perfusion is
closely matched with the energy requirements of the myocar
dium; myocardial energy production is used mainly for main
tainance of myocardial contraction. In the presence of a
significant coronary artery stenosis, however, myocardial isch
emia and regional dysfunction occurs because of the reduced
supply of metabolic substrates and oxygen (27). It has been
suggested that a chronic reduction in perfusion may result in
contractile downregulation of the cell as a mechanism of
reducing energy requirements, resulting in a new situation of
perfusion-contraction matching (28). Rahimtoola (29) popular
ized the term hibernation, describing a reduction in contractile
function secondary to chronic hypoperfusion, which may be
reversed after revascularization. Recently, several studies have
challenged this hypothesis by showing a lack of reduction in
resting perfusion in dysfunctional segments that had improved
function after revascularization (30â€”33). Alternatively, it has
been shown that these segments have significantly reduced flow
reserve, and Vanoverschelde et al. (30) suggested that repeated
episodes of ischemia have resulted in chronic dysfunction.

Regardless of the underlying mechanism, numerous studies
have recently focused on the identification of viable myocar
dium and the prediction of functional recovery after revascu
larization (2â€”9,19â€”21,30â€”37). Several characteristics of
chronic dysfunctional but viable myocardium have been used
for its identification, including preserved metabolic activity,
cell membrane integrity and contractile reserve. Many studies
with FDG and PET have demonstrated that the presence of
preserved glucose utilization can predict improvement of func
tion after revascularization (4â€”9).Subsequent studies have used
201T1as a marker of cell membraneintegrityto identify
hibernating myocardium (3, 16â€”21), and more recently the
infusion of low-dose dobutamine to assess contractile reserve
has been proposed to unmask viable myocardium (34â€”38).

FDG SPECT and Viability
In this study, we showed that hypoperfused, dysfunctional

myocardium with residual metabolic activity, as evidenced by
increased FIX) uptake, was to improve contractile function after
revascularization. Our findings confirm those reported in many
FDG PET studies (2,4â€”9). Those studies demonstrated that
dysfunctional myocardium with decreased perfusion but rela
tively increased FDG uptake (mismatch pattern) were able to
improve contractile function after revascularization. These seg
ments may have contained hibernating myocardium. On the
other hand, it should also be emphasized that â€œincreasedFDG
signalâ€•is not very specific for hibernation, because increased
FDG uptake has also been observed during ongoing ischemia
(39) or postischemic stunning (40).

In addition, a substantial number of segments that had
improved function after revascularization had normal perfusion,
as indicated by normal 201T1uptake immediately after tracer
injection. These findings confirm the data reported by Vanover
schelde et al. (30).

In this study, FDG SPECT showed a sensitivity of 89% and
a specificity of 81%. These values are in line with data obtained

with FDG PET (41 ). Moreover, several studies have empha
sized the good agreement between FDG PET and FDG SPECT
(12,13,15). Martin et al. (13) studiednine patientswith FDG
PET and SPECT, showing that in all nine patients the detection
of viable myocardium was equivalent by both techniques.
Another study compared FDG PET and SPECT data with
resting wall motion, as assessed by two-dimensional echocar
diography (12). In the segments with abnormal wall motion an
agreement of 76% was found between FDG PET and FDG
SPECT.

Thallkirn-201 Rest-Redistribution SPECT and Viability
Thaiium-201 Redistribution. Thallium-20l rest-redistribu

tion imaging was initially proposed by Gewirtz et al. (17),
demonstrating that a substantial number of segments with a
perfusion defect on the early 201Tl image showed redistribution
on the late image. After intravenous administration, the initial
uptake of 201T1 by the myocardium reflects perfusion (42).
After the initial myocardial uptake, there is a continous ex
change of 201Tl between the blood pool and the myocardium
(43). Initial 201Tldefects can represent either necrotic myocar
dium or hypoperfused but viable (hibernating) myocardium.
The delayed uptake and retention of 201Tl depends on cell
membrane intergrity and hence viability. Redistribution and
delayed defect resolution can therefore occur only when hiber
nating myocardium is present. In this study, we found a
sensitivity of 67% and a specificity of 77% for the prediction of
functional recovery after revascularization. The level of redis
tribution was determined using ROC analysis and was set at
5%, which is in line with data presented by Sansoy et al. (44)

Thallium-201 Activity on Late Image. Another marker of
viabilit@ythat can be extracted from 201Tl studies is the percent
age of Â°â€˜Tlactivity on the late image. Considering that delayed
myocardial retention of 201T1 represents cell membrane integ
rity, it is likely that the percentage activity on the late image
reflects the amount of viable myocardium in a certain segment.
Traditionally, a cutofflevel of 50% is used to classify a segment
as viable (18). It should be kept in mind, however, that the 50%
cutoff level has never been rigorously tested in patients under
going revascularization to establish whether it can predict
improvement of function. It is j,ossible that a segment with
mildly reduced tracer uptake (20 TI activity on the late image
> 50%) represents a mixture of scar tissue and normal
myocardium. Indeed, Zimmerman et al. (45) have demonstrated
that the 201Tl activity corresponded very well with the amount
of fibrosis. In a more recent study, it was demonstrated that
many segments with > 50% 201T1activity showed fibrosis in
the inner endocardial half of the cardiac wall, with preserved
morphostructure of the outer myocardial layer (46). Although
classified as viable, these segments will never have improved
function after revascularization. In this study, we found that the
optimal cutoff level of 201Tl activity was 75% to predict
improvement of function after revascularization. This finding
may implicate that more viable (and less necrotic tissue) is
necessary to result in improved function after revascularization.

Methodob@ Cons@erations
For FDG SPECT, the criterion for viability was either normal

perfusion or increased FDG uptake in 201Tl perfusion defects.
Thallium-20l has a lower photon energy than FDG, and no
attenuation correction was used, possibly leading to differences
in attenuation, especially in the inferoseptal region of the
myocardium. However, we have previously shown in normal
subjects that no differences between tracer activities occurred in
the different regions of the myocardium (11 ). Moreover, the
comparison with normal references for 201fl and FDG reduces
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the effects of attenuation. Finally, the sensitivity and specificity
of the technique were comparable for the anterior, lateral and
apical regions compared with the inferior and septal regions,
suggesting that differences in photon energy did not influence
diagnostic accuracy significantly. Other factors possibly influ
encing attenuation (and diagnostic accuracy) are patient sex and
body habitus. Because ofthe relatively small number of patients
in our study, we were not able to evaluate the influence of these
factors.

In this study, we used 360Â°SPECT imaging. The issue of
360Â° versus 180Â°imaging remains a matter of debate, in
particular with 201Tl imaging. Although Tamaki et al. (47)
demonstrated increased defect contrast with 180Â°201Tl imag
in@,Go et al. (48) reported a higher prevalence of false-positive
20 Tl defects and image distortions with 180Â° imaging com

pared with 360Â°imaging.

Study Umitations
Several limitations need to be addressed. First, the study

population consisted of 24 patients with a mean left ventricular
ejection fraction (LVEF) of 45%. However, myocardial viabil
ity is crucial in patients with severely depressed LV function,
because these patients have an increased surgical risk (49) but
favorable long-term survival after revascularization (50,51 ). It
remains unclear whether similar results will be obtained in a
study with patients with a more severely reduced LVEF. A
larger study population with more severely depressed LV
function needs to be studied with FDG SPECT. Moreover, in
patients with preserved LV function, stress-induced ischemia
may occur more frequently than hibernation. However, we were
not able to distinguish between these two syndromes, because
some form of stress testing (with stress-perfusion imaging) was
not performed.

Second, improvement of regional myocardial function after
revascularization was used as the gold standard of viable
myocardium in this study. Although revascularization reports
were reviewed, lack of adequate revascularization may have
reduced diagnostic accuracy of both imaging techniques. Fur
thermore, graft or vessel patency was not evaluated by coronary
angiography after the revascularization. In addition, functional
recovery may not have been complete by the time of follow-up
echocardiography. All these potential limitations, however,
would affect both techniques equally.

Next, aside from nuclear imaging with either 201Tl or FDG,
dobutamine stress echocardiography is frequently used to assess
myocardial viability (34â€”38).Unfortunately, we did not have
the opportunity to perform dobutamine stress echocardiogra
phy.

Finally, improvement of LVEF, instead of regional LV
function, may be more important in the clinical setting; how
ever, LVEF was not measured after revascularization.

CONCLUSION
The results of this study indicate that FDG SPECT can

predict improvement of regional function after revasculariza
tion. Moreover, the results are comparable with those obtained
with 201Tl rest-redistribution SPECT when redistribution was
used as an indicator ofviability. Finally, the results indicate that
201T1activity on the late image may be less accuratein
predicting functional recovery after revascularization.
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pathetic innervation in the inferior and lateral regions of the left
ventricle.
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E ssentialhypertension(EHT)isamajorriskfactorforthe
progression of cardiovascular damage in such organs as the
brain, heart and kidney. Left ventricular hypertrophy (LVH),
one of the types of end-organ damage associated with hyper
tension, is recognized as an independent risk factor for cardio
vascular events (1), including cardiac sudden death (2). It is
recognized that not only mechanical factors, but also humoral
factors, are related to LVH in hypertension. Increased sympa
thetic nervous activity has been proposed as one of the
influential factors on LVH (3â€”5),based on the observations that
catecholamine administration induces LVH (3) and that sym
patholytic intervention diminishes myocardial hypertrophy (4).
In addition, alpha-i adrenergic agonists were found to be potent
stimuli for the hypertrophy of fetal cardiac myocytes (5).
However, some experimental studies reported that chemical or
surgical sympathectomy failed to block the development of
LVH induced by hypoxia or hypertension (6, 7). Moreover,
Cooper et al. (8) postulated that mechanical load itself, rather
than catecholamines, was directly responsible for cardiac hy
pertrophy. Thus, the role of sympathetic nervous activity in the
genesis of LVH, especially in humans, has not been fully
elucidated.

Iodine- I23-labeled metaiodobenzylguanidine (MIBG) is a
norepinephrine analog that is taken up by sympathetic nerve

Increased sympathetic nervous activity has been proposed as one
of the causes of left ventricularhypertrophy (LVH)associated with
hypertension. However, the precise relationship is not fully under
stood.Methods:Toelucidatetherelationshipbetweenmyocardial
sympathetic nervous activity and LVH in patients with essential
hypertension (EHT), we performed 123l-metaiodobenzylguanidine
(MIBG)myocardialscintigraphyin 49 patientswithEHTand 17
normotensive control subjects. Sympathetic innervation of the left
ventriclewas evaluated using SPECT,and the whole heart uptake of
the tracer was quantitativalyassessed as the heart-to-mediastinum
uptake ratio on both the early (15-mm)and delayed (5-hr)images.
Myocardial washout rate (MWR)of the tracer from 15 mm to 5 hr
after the isotope administration was also calculated. The left van
tricular mass index (U/MI) was determined echocardiographically.
Results In49 hypertensive patients, there was a negativecorrela
tion between LVMIand heart-to-mediastinum uptake ratio on both
the early and delayed images (r = â€”0.55,p < 0.0001 ; r = â€”0.63,
p < 0.0001 , respectively). Inaddition, there was a positive correla
tion between the LVMIand MWRof 123I-MIBGinthese hypertensive
patients (r = 0.59, p < 0.0001). As for the regional uptake of the
tracer, there was no significantdifferencebetween controlsubjects
and hypertensive patients withoutcardiac hypertrophy, but a sig
nificant decrease of the uptake in the inferior and lateral regions was
observed in hypertensive patients with cardiac hypertrophy.
Conclusion: Patients with EHT had decreased accumulation and
increased MWR of 123l-MIBGin proportion to the degree of LVH.
Hypertensivepatients withcardiac hypertrophyhad impairedsym
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