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Myocardial sympathetic nervous function has been evaluated
with '2%|-metaiodobenzyiguanidine (MIBG) imaging in various
cardiac diseases. Heterogeneous distribution of this tracer has
been reported. This study was undertaken to assess whether
such heterogeneity is related to age and gender. Methods:
Twenty-nine subjects (18 men, 11 women; age range, 21 to 79
yr, mean age 42 + 17 yr) with no cardiac disorders were studied.
Early (15 min) and late (3—-4 hr) planar images were taken, and
SPECT images were also obtained 3—4 hr after MIBG injection
(111 MBq). The mean counts of the whole heart, mediastinum
and the anterior and inferior regions of the heart were obtained to
calculate heart-to-mediastinum count ratios, myocardial washout
rates and the inferior-to-anterior wall count ratio. On a bull's-eye
map of the SPECT images, the left ventricular myocardium was
divided into nine sectors to calculate the inferior-to-anterior wall
count ratio. Results: There were no significant differences in the
heart-to-mediastinum count ratio based on age or gender, but
there was a significant inverse correlation between the inferior-
to-anterior wall count ratio and age (r = —0.51 on late planar
images and r = —0.69 on SPECT; p < 0.01 and p < 0.001,
respectively). This correlation was valid in men (r = —0.74 and
—0.83, respectively; both p < 0.001), but not in women (r =
—-0.25 and -0.34, respectively; p = ns). Conclusion: Inferior
wall uptake of MIBG decreased with age in individuals without
cardiac diseases, especially men. Such age- and gender-related
heterogeneity should be considered in the interpretation of MIBG
images.
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A Ithough knowledge of cardiac adrenergic activity
may be of great potential in pathogenetic and prognostic
significance in heart failure, the assessment of its function
has been difficult to determine in vivo. Radioiodinated
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meta-iodobenzylguanidine (MIBG), an analog of guaneti-
dine that shares many neuronal transport and storage
mechanisms with norepinephrine, has been introduced as
an agent for probing adrenergic neuronal function (1-5).
Noninvasive radionuclide imaging with ['*IJMIBG per-
mits regional assessment of efferent adrenergic neuronal
function in the heart (6-18); however, little is known about
the normal distribution of myocardial sympathetic inner-
vation. Gill et al. (/9) showed heterogenous tracer distri-
bution. On the other hand, some younger subjects show
homogeneous tracer distribution, indicating almost homo-
geneous myocardial sympathetic innervation. We hypoth-
esized that myocardial distribution of MIBG may be re-
lated to age and gender. Accordingly, this study was
undertaken to correlate myocardial MIBG uptake, wash-
out and distribution with age and gender in normal individ-
uals.

MATERIALS AND METHODS
Subjects

Twenty-nine subjects (18 men and 11 women; age range, 21 to
79 yr; mean age 42 = 17 yr) were studied (Table 1). Thirteen
subjects were healthy volunteers who had no cardiac disorders or
any abnormal symptoms. The remaining 16 subjects were patients
with malignant diseases including 14 with malignant lymphoma
and 2 with postoperative breast cancer. Each patient was imaged
before adriamycin therapy. Neither patients nor subjects had car-
diac, pulmonary or mediastinal involvement. None of them
showed any abnormalities on electrocardiogram, multigated car-
diac blood-pool scintigraphy and other examinations. None of
them had a history of diabetes mellitus and none had received
reserpine, tricyclic antidepressants or other drugs that could in-
terfere with the uptake of MIBG. Informed consent was obtained
from each normal volunteer in accordance with guidelines from
the Ethical Committee of Kyoto University Faculty of Medicine.

Protocol for MIBG Scintigraphy

To block tracer uptake in the thyroid gland, each subject re-
ceived 10 mg of potassium iodine 2 days before the investigation
and 10 mg daily for 1 or 2 days afterwards. After ['*IJMIBG (111
MBq) was injected at rest as an intravenous bolus, the early planar
scan was obtained 15 min postinjection with the subject in a
supine position. Three to four hours later, both a late planar and
SPECT scan were obtained using a gamma camera equipped with
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TABLE 1

Subject Characteristics*
Male Female Total
Normal volunteer 1@ 202 13(9)
Patients with malignant tumor 7(0) 9 (5) 14 (5)
before adriamycin
administration
Total 18 (7) 1@ 20(14)

*Number in parentheses denotes subjects younger than 40 years. No
patients with malignancy received chemotherapy with adriamycin.

a low-energy, parallel-hole, general-purpose collimator. Planar
images were obtained in the anterior view over a 3-min interval
15 min and 3-4 hr after tracer administration. SPECT was per-
formed with data collections of 30-40 sec each, starting in the 45°
right anterior oblique projection and finishing in the 45° left pos-
terior oblique projection, after which a series of transaxial images
was reconstructed using filtered backprojection (20). Short-axis
and long-axis slices perpendicular to the cardiac axes were reor-
ganized and a bull’s-eye polar map was generated from the apical
to basal short-axis slices to show relative tracer distribution in the
myocardium (21).

Data Processing

Regions of interest (ROI) in the whole heart were set manually
on the early and late planar images (Fig. 1A). After correction for
the physical decay of '2I, the tracer washout rate from the myo-
cardium was determined over 3-4 hr. On the late planar images,
a 10 X 10-mm? region in the mediastinum was used to calculate
the mean heart-to-mediastinum count ratio (17,22). Other ROIs
were drawn in the anterior and inferior myocardium on the late
images (Fig. 1B) to calculate the inferior-to-anterior wall count
ratio (inferior-to-anterior wall count ratio). For quantitative anal-
ysis of tracer distribution on the SPECT images, the left ventric-
ular myocardium was divided into nine segments on the polar map
display (Fig. 1C). Segment 1 represented the apical wall, segments
2 and 6 were the anterior wall, segments 3 and 7 were the septum,
segments 4 and 8 were the inferior wall, and segments 5 and 9
were the lateral free wall. Segments 2-5 were set over the mid-
ventricular region and segments 6-9 over the base. The inferior
wall to anterior wall count ratio was calculated from the mean
counts in each segment.

Statistical Analysis

Data were expressed as the mean + s.d. A linear regression
was carried out between age versus washout rate, the heart-to-
mediastinum ratio and the inferior-to-anterior wall count ratio.
The Mann-Whitney U-test was used for between-group compar-
isons. Probability values of less than 0.05 were considered signif-
icant.

RESULTS

The mean and standard deviations of the washout rate,
the heart-to-mediastinum ratio and the inferior-to-anterior
wall count ratio are shown in Tables 2 and 3. These values
were not significantly different between normal subjects
and those with malignant diseases without cardiac diseases
(Table 2). When the subjects were divided into a younger
group, less than 40 yr old, and an older group, 40 yr or
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FIGURE 1. Schematic presentation of planar image ROl images
and bul's-eye polar map display. (A) The washout rate and heart-
to-mediastinum count ratio calculated from the planar image. (B)
Inf./Ant. ratio caiculated from the planar image. (C) Bull's-eye map
with nine sectors.

older, the washout rate and the heart-to-mediastinum
count ratio were not significantly different between the two
groups. On the other hand, the inferior-to-anterior wall
count ratio was significantly smaller in the older group
(Fig. 2) than in the younger group (Fig. 3) in both the planar
images (0.97 + 0.14 versus 1.11 + 0.17; p < 0.05) and the
SPECT study (0.76 + 0.17 versus 0.92 + 0.09; p < 0.05). In
addition, while there were no gender differences in the

TABLE 2
Comparison between Normal Volunteers and Patients with
Malignancies
Normal Patients with
volunteers malignant diseases Significance
Number of subjects 13 16
Age 31.8+8.1 50.1 +17.8 p <0.01
Planar image
Mean counts
heart 90.6 + 13.2 86.2 + 348 ns
mediastinum 316+45 204 +95 ns
liver 1425 + 242 150.0 + 443 ns
WR 6.04 £2155 10.80 + 12.19 ns
HM 2.87 + 0.2 294 + 049 ns
VA 1.03+£0.14 1.04 £ 0.19 ns
SPECT
VA 0.88 + 0.09 0.81 £ 0.19 ns

WR = washout rate; H/M = heart-to-mediastinum count ratio; /A =
inferior-to-anterior wall count ratio.
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TABLE 3
Mean and Standard Deviation Values of Each Parameter with Regard to Age and Gender

Planar image SPECT
No. Mean age WR ' HM VA VA

Age

<40 yr 14 273+ 47 46 = 189 292+ 026 111 017 0.92 + 0.09

>40 yr 15 5§55 £ 11.7 124 £ 145 290 + 048 0.97 £ 0.14 0.76 = 0.17

Significance ns ns p <0.05 p <0.05
Gender

Male 18 451+ 174 78 £ 196 2.89 + 0.36 1.17 £ 0.18 0.96 + 0.10

Female 1" 365 + 15.1 101 £ 118 295 + 044 0.96 + 0.10 0.77 £ 0.14

Significance ns ns ns p < 0.005 p < 0.005

WR = washout rate; H/M = heart-to-mediastinum count ratio; I/A = inferior-to-anterior wall count ratio.

washout rate or the heart-to-mediastinum count ratio, the
inferior-to-anterior wall count ratio was lower for men than
women on both planar images (0.96 + 0.10 versus 1.17 =
0.18; p < 0.005) and SPECT images (0.77 = 0.14 versus
0.96 + 0.10; p < 0.005) (Table 3).

Figure 4 shows the correlation of the MIBG parameters
with age in men and women. No significant correlations
were observed between the heart-to-mediastinum count
ratio and age (r = 0.06; p = ns) or between the washout
rate and age (r = 0.26; p = ns). On the other hand, the
inferior-to-anterior wall count ratio showed an inverse cor-
relation with age in both the planar images (r = -0.51; p <
0.01) and the SPECT study (r = -0.69; p < 0.001). These
correlations were more striking in the men (r = -0.74 and
r = -0.83 respectively; both p < 0.001) than in the women
(r = -0.25 and -0.34 respectively; both p = ns).

DISCUSSION

This study demonstrates reduced ['ZIJMIBG uptake in
older individuals, particularly in men, indicating an age-
and gender-related reduction of adrenergic neuronal func-
tion in the inferior myocardium of normal individuals.
Since ['ZIJ]MIBG uptake in the whole myocardium and
tracer washout did not change with age or gender, regional
heterogeneity may be striking in both older subjects and
male subjects rather than a change of total myocardial
neuronal function.

Noninvasive imaging with radioiodinated MIBG can as-
sess efferent adrenergic neuronal function in the heart (I-5).
MIBG competes with norepinephrine for neuronal uptake
(uptake-1) (23,24) and is also taken up by a low-affinity non-
neuronal mechanism (uptake-2) (25-27). Denervated myo-
cardium with epicardial phenol application (28) and stellate
ganglionectomy (27) showed a decrease in tissue norepi-
nephrine and MIBG in the myocardium as well. These ex-
perimental data indicate that MIBG uptake may reflect ad-
renergic neuronal function accurately in the myocardium in
vivo. Furthermore, radiolabeling with '?I facilitates the use
in clinical settings with a standard gamma camera, as docu-
mented in a variety of patient studies (6-18).

lodine-123-MIBG in Normal Subjects * Tsuchimochi et al.

Although this study included both normal subjects and
patients with malignant diseases, none of them had car-
diac, pulmonary or mediastinal involvements. Further-
more, this study demonstrated a significant relationship
between heterogenous MIBG uptake and subject age. Het-
erogeneity of MIBG distribution was frequently observed
in our routine studies and thus caused difficulties in image
interpretation. Data reported by Sisson et al. (6) suggest
that there is reduced MIBG uptake at the cardiac apex,
whereas Kline et al. (1) found reduced uptake at the sep-
tum. Gill et al. (15) studied normal subjects and found that
the MIBG map of sympathetic catecholaminergic nerve
terminals in the myocardium is normally inhomogeneous
with a relative decrease in the inferior and septal regions.
Our data correlate with Gill et al.’s for older subjects, but
our results from the younger normal subjects showed more
homogeneous MIBG distribution. Schwaiger et al. (9) re-
ported similar homogeneous distribution in a PET study
using ''C-hydroxyephedrine performed on subjects with a
mean age of 23 yr. These data indicate that the sympathetic
neuronal function of the inferior wall may be decreased in
older men, leading to heterogeneity of MIBG distribution
in the myocardium.

Several possible explanations for this finding can be
considered. Previous animal studies have demonstrated
that the anterior wall of the left ventricle has a predomi-
nantly sympathetic afferent innervation, that the inferior
wall has a predominantly parasympathetic innervation
(30-32) and that such differences may cause a reduction of
sympathetic neuronal function in the inferior region; how-
ever, the heterogeneity of sympathetic innervation or cat-
echolamine levels in the human myocardium has not yet
been determined. Another possibility is that the increase of
plasma catecholamine levels with aging (30,33,34) may
disturb myocardial sympathetic neuronal function, partic-
ularly in the inferior region, which might be more sensitive
than other regions.

On the other hand, our results did not show a significant
decrease in MIBG uptake in the whole myocardium or
washout from the myocardium. Sympathetic neuronal
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FIGURE 2. A 71-yr-old man with malignant lymphoma before adriamycin administration. High accumulation of tracer in the myocardium
is shown on the early and the late planar images (A). On the short-axis images (B) and bul's-eye polar map (C), however, decreased MIBG
uptake in the inferior region is noted.
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FIGURE 3. A 21-yr-old normal male volunteer. A high accumulation of the tracer in the myocardium is shown on the early and the late

planar images (A). On short-axial images (B) and the bull's-eye polar map (C), there is almost homogenous distribution in the myocardium.
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FIGURE 4. Correlation of various MIBG parameters according to age (closed circle = men; open circle = women).

function in the inferior region may be selectively disturbed
with an increase in plasma catecholamine levels; however,
we did not measure plasma catecholamine levels in each
subject. Another study is warranted to compare plasma
catecholamine levels with age or inferior-to-anterior wall
count ratio in the normal subjects.

It is also important for potential artifacts to be consid-
ered. Diaphragmatic attenuation may cause a regional de-
crease of activity in the inferior wall on thallium and MIBG
images, and this may contribute to gender differences in
tracer distribution in the anterior and inferior regions; how-
ever, ' photons have a higher energy than thallium pho-
tons, so there should be less attenuation. In addition, there
have been no reports indicating an age-related difference in
diaphragmatic attenuation. Differences in the degree of
rotation may also cause a differential sensitivity in the
detection of inferior and lateral abnormalities (35), but all
the subjects were scanned using the same 180° rotation
protocol in our study. A recent report suggested that a high
uptake in the liver may cause an artificial decrease in the
inferior myocardial counts (36), but the activity in the liver
did not change with age or gender in our study. Such a
potential artifact did not explain our age- and gender-re-
lated differences in MIBG heterogeneity in the myocar-
dium.

lodine-123-MIBG in Normal Subjects ® Tsuchimochi et al.

CONCLUSION

In subjects without cardiac disorders, MIBG uptake in
the inferior region gradually reduced with age, particularly
in the male subjects. Such heterogeneity of myocardial
sympathetic innervation in normal subjects may cause dif-
ficulties when interpreting MIBG images. For better inter-
pretation of MIBG images, careful consideration of phys-
iologic change in sympathetic neuronal function with age
and gender is important.
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