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Scintigraphy with '2%-MIBG and 2°'Tl was compared in patients
with various diseases including diabetes mellitus, with and without
sympathetic nervous dysfunction. This study was done to assess
lung uptake of these tracers semiquantitatively. Methods: Thirty-
eight patients with diabetes mellitus, seven patients with dilated
cardiomyopathy (DCM), 12 patients with hypertrophic cardiomyop-
athy (HCM) and eight healthy subjects were studied. Sympathetic
nervous dysfunction was observed in 13 of the 38 diabetic patients.
Simultaneous imaging with '23-MIBG and 2°'Tl was performed. The
ratio of lung to total injected dose count and washout rate in the Iung
were calculated from dynamic images acquired in the initial 2 min
and static images acquired at 15 min and at 4 hr after injection of the
tracers. Results: Lung uptake of '*-MIBG at 4 hr was significantly
increased in the diabetic group as compared with those in the other
groups. In diabetic patients with sympathetic nervous dysfunction,
the lung uptake ratio of '**I-MIBG at 4 hr was significantly higher
than that in the diabetic patients without sympathetic nervous
dysfunction, due to decreased clearance of '2%|-MIBG from the lung.
On the other hand, increased lung uptake of 2°'Tl was observed in
DCM patients at both 15 min and 4 hr. There was no significant
difference between lung uptake of 2°' Tl in diabetic patients and that
in healthy subjects. Conclusion: Lung uptake of '23-MIBG was
increased and lung washout of 23|- MIBG was decreased in diabetic
patients with sympathetic nervous dysfunction, while lung uptake of
201T] was not altered. lodine-123-MIBG scintigraphy of the lung may
provide information on sympathetic nervous activity in diabetic
patients. It is a promising method for studying the kinetics of
norepinephrine in the lung because MIBG is taken up in the lung by
the same mechanism as norepinephrine.
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Autonomic neuropathy is one of the major complications in
patients with diabetes mellitus. Postural hypotension is the most
prominent cardiovascular symptom of sympathetic nervous
dysfunction. The death rate in diabetic patients is markedly
increased when postural hypotension is observed (/). Therefore,
evaluation of sympathetic nervous activity is useful in the
management of diabetic patients.

Metaiodobenzylguanidine (MIBG) is an analog of the adren-
ergic neuron-blocking agent guanethidine, and it shares the
same uptake, storage and release mechanisms as norepinephrine
in sympathetic nerve endings (2—6). Because the myocardium
is nchlg supplied with sympathetic nerves, myocardial imaging
using '#*I-MIBG has been performed to assess cardiac sympa-
thetic nervous activity (7-26). We have already evaluated
myocardial '>’I-MIBG uptake in diabetic patients, in our
previous study, and reported that myocardial uptake of MIBG
was decreased and myocardial washout of MIBG was increased
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in diabetic patients with sympathetic nervous dysfunction (7).
These data were consistent with the results reported by Min-
tysaari et al. (8).

The lung uptake of MIBG was initially studied by Slosman et
al. (27,28) using animal models. They demonstrated that MIBG
is taken up by the same sodium-dependent, energy-requiring
transport system used for the extraction of norepinephrine in
pulmonary capillary endothelial cells. They, therefore, sug-
gested that scintigraphic evaluation of MIBG uptake and
turnover in the lung may be useful for assessing pulmonary
endothelial cell function. However, the influence of sympa-
thetic nervous activity on the kinetics of MIBG in the lung has
not been investigated.

We speculated that, if MIBG uptake in the systemic sympa-
thetic nervous system decreases in diabetic patients with sym-
pathetic nervous dysfunction as observed in the heart, lung
accumulation of MIBG should increase because of excess
MIBG circulating into the lung.

In this study, serial '*’I-MIBG images of the lung were
acquired to evaluate lung uptake of MIBG in diabetic patients,
with and without postural hypotension, as compared with
patients with idiopathic dilated cardiomyopathy (DCM), pa-
tients with idiopathic hypertrophic cardiomyopathy (HCM) and
healthy subjects. We also compared '?>I-MIBG dynamics in the
lung between these five groups and evaluated the influence of
sympathetic nervous activity on '>’I-MIBG uptake in the lung.
Moreover, we mvestlgated the difference between lung uptake

of '2I-MIBG and *°'Tl.

MATERIALS AND METHODS

Sixty-five subjects, including 38 patients with diabetes mellitus,
seven patients with DCM, 12 patients with HCM and eight healthy
subjects, were examined. Postural hypotension, which was defined
as a fall in systolic blood pressure of 30 mmHg or more on
standing, was found in 13 of the 38 diabetic patients. Diabetic
patients with postural hypotension included five men and eight
women, with a mean age of 57 * 12 yr (range 34-71 yr), and the
other 25 diabetic patients without postural hypotension included 13
men and 12 women with a mean age of 53 * 12 yr (range 27-74
yr). In patients with postural hypotension, the duration of diabetes
was longer than in patients without postural hypotension (17.2 *
6.0 yr versus 11.5 * 8.2 yr, p < 0.05). Other diabetic complica-
tions, such as nephropathy and retinopathy, were found in 13
diabetic patients with postural hypotension (100%) and in 11
diabetic patients without postural hypotension (44%). Eleven
diabetic patients with postural hypotension and 12 patients without
postural hypotension were treated with insulin. No diabetic patients
had clinical histories of ischemic heart disease, and electrocardio-
graphic and echocardiographic findings were normal in all diabetic
patients.

DCM patients included six men and one woman with a mean age
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of 55 = 12 yr (range 39-69 yr), and HCM patients included 10
men and two women with a mean age of 56 * 13 yr (range 35-73
yr). The diagnosis of DCM and HCM was based on the findings of
echocardiography and cardiac angiography. Heart valves and
coronary arteries were normal in all patients. Myocardial biopsies
showed no pathological findings. Clinically symptomatic conges-
tive heart failure was observed in all DCM patients. Four patients
had New York Heart Association Class 2 failure and three had
Class 3 failure. Medical treatment was performed with digitalis in
four patients (three DCM; one HCM), with diuretics in five patients
(four DCM; one HCM), and with beta-adrenergic blocking drugs
such as metoprolol, propranolol, nadolol and atenolol in five
patients (one DCM; four HCM). Healthy subjects included eight
men with a mean age of 57 *+ 8 yr (range 49-72 yr). None of them
had diabetes.

Study Protocol

Subjects were allowed to eat a normal breakfast on the day of the
study. Each subject was placed in the supine position, and 111
MBq (3 mCi) '#I-MIBG and 111 MBq (3 mCi) of 2°'Tl were
injected simultaneously through an antecubital vein. Serial dy-
namic imaging of the entire thorax was performed at 1 frame/sec
during the initial 2 min after the rapid injection of these tracers
followed by bolus injection of 20 ml saline. Thereafter, static
images of the anterior chest with a digital resolution of 256 X 256
were acquired for 5 min, starting at 15 min and at 4 hr after
injection. Imaging was performed with 20% energy windows
centered at the '2’I-MIBG photopeak (160 keV) and the 2°'TI
photopeak (80 keV), using a large field-of-view digital gamma
camera equipped with a low-energy, parallel-hole collimator.
Image data were transferred to a nuclear medicine data processor.

Image Analysis

Image data analysis was performed semiquantitatively. A region
of interest (ROI) was placed over the entire thorax on the dynamic
images to generate a time-activity curve according to the method
reported by Ishii and MaclIntyre et al. (29). The total injected dose
was measured as the peak counts on the time-activity curve.
Another ROI was placed over the right lung on static images to
measure the lung uptake ratio. The lung uptake ratio at 15 min and
at 4 hr after the injection and the lung washout rate from 15 min to
4 hr were calculated as follows:

Lung update ratio

_ Lung uptake (counts/pixel/5 min) y
~ Total injected dose (counts/sec) X 5(min) X 60(sec)
(X 10%%). Eq. 1

100

Lung washout rate

_ Lung uptake ratio at 15 min-Lung uptake ratio at 4 hr

Lung uptake ratio at 15 min
X 100(%). Eq. 2

Statistical Analysis

Data were expressed as the mean value * s.d. ANOVA was used
to evaluate the statistical significance of the differences between
the different groups. A p value of less than 0.05 was considered to
be statistically significant.

RESULTS

lodine-123-MIBG Uptake in the Lung

The lung uptake ratio of '>’I-MIBG is shown in Figure 1. At
15 min after injection of the tracers, the lung uptake ratio in
diabetic patients with postural hypotension (13.8 * 1.8 X
107%%) was significantly higher than that in healthy subjects
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FIGURE 1. Lung uptake ratio of '23-MIBG: serial from 15 min to 4

hr after injection of tracer. Increased lung uptake of '23-MIBG in diabetic
patients with and without postural hypotension is shown.

(11.2 £ 2.4 X 107%%, p < 0.01) or in DCM patients (11.0 *
1.6 X 107%%, p < 0.01). The lung uptake ratio in diabetic
patients without postural hypotension (13.7 = 2.5 X 10~ %%)
also was higher than those in healthy subjects (p < 0.01) and in
DCM patients (p < 0.01). There were no significant differences
in lung uptake ratio between diabetic patients with or without
postural hypotension and HCM patients (12.2 = 2.3 X 107%).

At 4 hr after injection of the tracers, the lung uptake ratio in
diabetic patients with postural hypotension (8.9 * 1.8 X
10”*%) was significantly higher than that in diabetic patients
without postural hypotension (7.6 = 1.6 X 10™%%, p < 0.01),
in DCM patients (5.9 = 0.9 X 107%%, p < 0.001), in HCM
patients (6.2 = 1.0 X 10™*%, p < 0.001), or in healthy subjects
(6.0 = 0.9 X 107%%, p < 0.001). The lung uptake ratio in
diabetic patients without postural hypotension also was signif-
icantly higher than that in DCM patients (p < 0.01), in HCM
patients (p < 0.01) or in healthy subjects (p < 0.01).

Interestingly, the lung uptake ratio of '2*I-MIBG in diabetic
patients with postural hypotension was significantly higher than
that in diabetic patients without postural hypotension at 4 hr,
although there was no significant difference in lung uptake at 15
min. There were no significant differences in lung uptake ratio
between healthy subjects, DCM patients and HCM patients at
either 15 min or 4 hr after administration.

lodine-123-MIBG Washout from the Lung

The lung washout rate of '>*I-MIBG is shown in Figure 2.
The lung washout rate in diabetic patients with postural hypo-
tension (35.6% * 9.8%) was significantly lower than that in
diabetic patients without postural hypotension (44.6% * 4.6%,
p < 0.001), in healthy subjects (45.2% = 8.4%, p < 0.005), in
DCM patients (45.8% * 7.5%, p < 0.005) or in HCM patients
(482% * 7.4%, p < 0.001). There were no significant
differences in the lung washout rate of '2’I-MIBG between
healthy subjects, diabetic patients without postural hypotension,
DCM patients and HCM patients.

Thallium-201 Uptake in the Lung

The lung uptake ratio of 2°' Tl is shown in Figure 3. At 15 min
after injection of the tracers, the lung uptake ratio of 2°'Tl in
DCM patients (13.2 = 1.6 X 107%%) was significantly higher
than that in healthy subjects (10.9 + 1.5 X 10™%%, p < 0.005),
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FIGURE 2. Lung washout rate of '2%-MIBG from 15 min to 4 hr. Decreased
lung washout of '2%-MIBG in diabetic patients with postural hypotension is
shown.

in diabetic patients with and without postural hypotension
(9.9 1.0 X 107*%, p < 0.001,and 10.3 = 1.3 X 10™%%, p <
0.001, respectively), or in HCM patients (10.0 = 1.6 X 10™%%,
p < 0.001). In addition, the *°'TI lung uptake ratio at 4 hr in
DCM patients (7.4 * 0.7 X 107%%) was still significantly
higher than that in healthy subjects (6.0 = 0.7 X 107%%, p <
0.005), in diabetic patients with and without postural hypoten-
sion (6.1 = 0.7 X 107%%, p < 0.005, and 6.1 * 0.9 X 10™*%,
p < 0.001, respectively), or in HCM patients (5.4 = 0.7 X
107%%, p < 0.001). There were no significant differences in
lung uptake of °'TI between healthy subjects, diabetic patients
with or without postural hypotension and HCM patients.
Figure 4 shows representative scintigraphic images. In dia-
betic patients with postural hypotension (C), lung washout of
123].MIBG was reduced and lung uptake of '>*I-MIBG at 4 hr
was increased, as compared with the other four scintigrams. The
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FIGURE 3. Lung uptake ratio of 2°' Tl serial changes from 15 min to 4 hr after
injection of tracer. Increased lung uptake of 2°'Tl in DCM patients at both 15
min and 4 hr is shown.
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lung uptake of 2°' T was not increased in diabetic patients, but
was increased in DCM gatients (D). In addition, decreased
myocardial uptake of '>’I-MIBG is shown in the diabetic
patient with postural hypotension at 4 hr after the injection of
the tracer.

DISCUSSION

Norepinephrine Kinetics in the Lung and Pulmonary
Sympathetic Nervous System

The fate of norepinephrine within the pulmonary circulation
has been described by Gillis et al. (30). In the lung, approxi-
mately 25%—50% of norepinephrine is extracted and degraded
during a single pass through the pulmonary circulation. The
primary site for removal of norepinephrine is pulmonary cap-
illary endothelial cells. Since inactivation of norepinephrine in
the lung affects systemic arterial blood concentration of norepi-
nephrine, the lung can be regarded as a biochemical filtration
system in regulating the effects of norepinephrine. On the other
hand, sympathetic nerves are present in the walls of 30- to
300-um pulmonary arteries and of larger pulmonary veins (37),
and stimulation of the sympathetic nerves causes pulmonary
vasoconstriction and increased transcapillary lymph and protein
flow in the lung. Therefore, norepinephrine kinetics in the lung
may be involved in regulating arterial norepinephrine concen-
trations, pulmonary vascular resistance and transcapillary fluid
exchange. Since MIBG is taken up in the lung by the same
mechanism as norepinephrine, the assessment of MIBG uptake
and washout in the lung provide some information concerning
such neurohormonal regulations in the lung.

Relation Between Lung Uptake of MIBG and Sympathetic
Nervous Activity

In our previous article (7), we reported myocardial MIBG
uptake was decreased in diabetic patients with sympathetic
nervous dysfunction. Since sympathetic nerves are affected
systemically in diabetic patients with sympathetic nervous
dysfunction (32), the total amount of MIBG taken up by
sympathetic nerves is likely to decrease as well as in the heart.
On the other hand, we demonstrated that uptake of MIBG was
increased and washout of MIBG was decreased in the lungs of
diabetic patients with sympathetic nervous dysfunction. Excess
MIBG, not taken up by the sympathetic nervous system, may
accumulate in the lung because the lung is considered to be a
filtration system for MIBG, like norepinephrine.

Wieland et al. (3) studied the distribution of '>*I-MIBG in the
heart and blood in dogs pretreated with reserpine, which
selectively blocks the uptake of norepinephrine and guanethi-
dine into the storage vesicles of adrenergic nerves. They
observed that the concentration of '>’I-MIBG was decreased in
the heart but increased in the blood in the reserpine-treated
dogs. These results suggest that large amounts of MIBG may be
retained in the blood when uptake of MIBG by the sympathetic
nervous system is reduced. Nakajo et al. (9) studied tissue
concentration of '*'I-MIBG, in the reserpine-treated rats, and
reported that '3'I-MIBG uptake was increased in the lungs but
decreased in the myocardium. Sisson et al. (/0) conducted a
clinical study with '>’I-MIBG scintigrams and reported the
uptake of '>’I-MIBG was increased in the lungs but markedly
decreased in the heart in patients with generalized autonomic
neuropathy including diabetic patients. These findings seem to
support our hypothesis that the increase in MIBG accumulation
in the lung results from an increase of MIBG without being
taken up by the sympathetic nervous system.

Circulating catecholamines might influence the tissue uptake
of MIBG. Nakajo et al. (/1) observed an inverse relationship
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between '*'I-MIBG uptake in the heart and concentrations of
plasma catecholamines in patients with suspected pheochromo-
cytoma. Competitive uptake of '*'I-MIBG and circulating
catecholamines in the heart is one explanation for these find-
ings. On the other hand, there have been several reports that
plasma catecholamine concentrations were not related to myo-
cardial MIBG uptake (8,/2,13) or lung MIBG uptake (/3).
Therefore, the relationship of circulating catecholamines and
lung uptake of MIBG is still controversial.

Possible Mechanism of Decreased MIBG Washout in
the Lungs

Nakajo et al. (9) studied '*'I-MIBG accumulation in the
storage vesicles of sympathetic neurons (intravesicular accumu-
lation) and in other sites (extravesicular compartment). The
intravesicular MIBG is retained for a prolonged period, while
the extravesicular MIBG shows considerably rapid decrease
within several hours after injection of the tracer. In an experi-
mental study using a diabetic rat model, Ganguly (33) showed
a decrease in [>H] norepinephrine in the storage vesicles and an
increase in the extravesicular compartment. In our clinical
study, we reported that myocardial washout of '2*I-MIBG was
accelerated in diabetic patients with postural hypotension (7).
Our results might be caused by an increase in the extravesicular
compartment of MIBG accumulation, as observed in rats. Since
the same phenomenon is considered to occur in systemic
sympathetic neurons, release of '>’I-MIBG from the extrave-
sicular compartment might increase during the first several
hours after injection of the tracer in diabetic patients with
postural hypotension. This increase in MIBG release might lead
to the decrease in lung washout of '**I-MIBG from 15 min to
4 hr in those patients.
Pulmonary Angiopathy in Diabetic Patients

Evidence of pulmonary angiopathy has been reported in
diabetic patients. Sandler et al. (34) demonstrated a decreased
pulmonary capillary blood volume in diabetic patients, and they
suggested that pulmonary dysfunction is an early complication
of diabetes. Pathologically, Vracko et al. (35) reported thicken-
ing of the basal lamina of pulmonary capillaries. Uchida et al.
(36) demonstrated reduced perfusion and normal ventilation in
diabetic patients in the study using lung images with **™Tc-
MAA and '**Xe, suggesting the presence of pulmonary mi-
croangiopathy in those patients.
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FIGURE 4. Scintigraphic images acquired
with 23-MIBG at 15 min (upper) and at 4 hr
(middle), and with 2°'Tl at 15 min (lower)
after injection of the tracers are shown. A =
healthy subject, B = diabetic patient with-
out postural hypotension, C = diabetic
patient with postural hypotension, D =
patient with dilated cardiomyopathy, E =
patient with hypertrophic cardiomyopathy.

If pulmonary abnormalities are an early complication of
diabetes, as Sandler mentioned, the patients with postural
hypotension in our study might have had pulmonary angiopa-
thy. As previously mentioned, MIBG is taken up by pulmonary
capillary endothelial cells, and injury to pulmonary capillary
endothelial cells reduces lung uptake of MIBG. Therefore, we
expected, before initiating this study, that the lung uptake of
MIBG would be decreased in diabetic patients with postural
hypotension. However, the lung uptake of '2’I-MIBG actually
was increased in diabetic patients in this study. It is possible,
therefore, that pulmonary microangiopathy in diabetic patients
has little influence on the lung uptake of MIBG.

Lung Congestion and Puimonary Hypertension

Tamaki et al. (37) reported that the increase in lung %' Tl
activity may be related to pulmonary congestion and edema. In
this study, all patients with DCM had symptomatic congestive
heart failure of New York Heart Association Class 2 or 3. The
lung uptake of 2°!'Tl was significantly increased in these
patients compared with the other subjects, as shown in Figure 3.
Glowniak et al. (/4) and Dae et al. (/5) reported that the lung
uptake of '2*I-MIBG was increased in patients with DCM. They
suggested that increased MIBG uptake in the lung might result
from pulmonary hypertension in those patients, since increased
norepinephrine removal in the lung was observed in patients
with pulmonary hypertension.

The results of this study showed no significant differences in
the lung uptake of '*’I-MIBG between DCM patients and
healthy subjects. On the other hand, the lung uptake of
1231.MIBG was increased in diabetic patients. There were no
echocardiographic findings suggestive of pulmonary hyperten-
sion in these diabetic patients. Therefore, we thought that lung
uptake of MIBG might not be influenced by lung congestion or
pulmonary hypertension in our DCM patients.

CONCLUSION

We evaluated '>’I-MIBG scintigraphy and observed in-
creased lung uptake and reduced lung washout of the tracer in
diabetic patients with sympathetic nervous dysfunction. Lung
con§esti0n in our DCM patients, which is related to lung uptake
of 21T, had little influence on the lung uptake of '*I-MIBG.
Iodine-123-MIBG scintigraphy, which has been used to evalu-
ate the cardiac sympathetic nervous function, may provide
information on systemic sympathetic nervous activity in dia-
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betic Eatlents by estimating lung uptake of the tracer. We hope

that !

3I-MIBG scintigraphy is a promising method for evalu-

ating norepinephrine kinetics in the lung.

REFERENCES

2.

338

Ewing DJ, Campbell IW, Clarke BF. The natural history of diabetic autonomic
neuropathy. Quart J Med 1980;49:95-108.

Wieland DM, Wu J, Brown LE, Mangner TJ, Swanson DP, Beierwaltes WH.
Radiolabeled adrenergic neuron-blocking agents: adrenomedullary imaging with ['>'I}
iodobenzylguanidine. J Nucl Med 1980;21:349-353.

. Wieland DM, Brown LE, Rogers WL, et al. Myocardial imaging with radioiodinated

norepinephrine storage analog. J Nucl Med 1981;22:22-31.

. Wieland DM, Brown LE, Tobes MC, et al. Imaging the primate adrenal medulla with

['2*1) and ['*'I) metaiodobenzylguanidine: concise communication. J Nucl Med
1981;22:358-364.

. Tobes MC, Jaques S Jr, Wieland DM, Sisson JC. Effect of uptake-one inhibitors on the

uptake of norepinephrine and metaiodobenzylguanidine. J Nucl! Med 1985;26:897-
907.

. Sisson JC, Wieland DM, Sherman P, Mangner TJ, Tobes MC, Jaques S Jr.

Metaiodobenzylguanidine as an index of the adrenergic nervous system integrity and
function. J Nucl Med 1987;28:1620-1624.

. Murata K, Sumida Y, Murashima S, et al. A novel method for the assessment of

autonomic neuropathy in Type 2 diabetic patients: a comparative evaluation of
'Z31.MIBG myocardial scintigraphy and power spectral analysis of heart rate variabil-
ity. Diabetic Med 1996;13:266-272.

. Mantysaari M, Kuikka J, Mustonen J, et al. Noninvasive detection of cardiac

sympathetic nervous dysfunction in diabetic patients using [1231]Jmetaiodobenzylgua-
nidine. Diabetes 1992;41:1069-1075.

. Nakajo M, Shimabukuro K, Yoshimura H, et al. lodine-131 metaiodobenzyl idi

intra- and extravesicular accumulation in the rat heart. J Nucl! Med 1986;, 27 84-89.

. Sisson JC, Shapiro B, Meyers L, et al. Metaiodobenzylguanidine to map scintigraphi-

cally the adrenergic nervous system in man. J Nucl Med 1987;28:1625-1636.

. Nakajo M, Shapiro B, Glowniak J, Sisson JC, Beierwaltes WH. Inverse relationship

between cardiac accumulauon of meta-["'l] iodobenzylguanidine (I-131-MIBG) and
in suspected pheochromocytoma. J Nucl Med 1983;24:

1127-1134,

. Schofer J, Spielmann R, Schuchert A, Weber K, Schliiter M. lodine-123 meta-

iodobenzylguanidine scintigraphy: a noninvasive method to demonstrate myocardial
adrenergic nervous system disintegrity in pati with idiopathic dilated cardiomy-
opathy. J Am Coll Cardiol 1988;12:1252-1258.

. Richalet JP, Merlet P, Bourguignon M, et al. MIBG scintigraphic assessment of

cardiac adrenergic activity in response to altitude hypoxia. J Nucl Med 1990;31:34-37.

. Glowniak JV, Tumer FE, Gray LL, Palac RT, Lagunas-Solar MC, Woodward WR.

lodine-123 metaiodobenzylguanidine imaging of the heart in idiopathic congestive
cardiomyopathy and cardiac transplants. J Nuc! Med 1989;30:1182-1191.

. Dae MW, Marco TD, Botvinick EH, et al. Scintigraphic assessment of MIBG uptake

in globally denervated human and canine hearts -implications for clinical studies.

J Nucl Med 1992;33:1444-1450. )

. Yamakado K, Takeda K, Kitano T, et al. Serial change of iodine-123 metaiodoben-

zylguanidine (MIBG) myocardial concentration in patients with dilated cardiomyop-
athy. Eur J Nucl Med 1992;19:265-270.

. Kline RC, Swanson DP, Wieland DM, et al. Myocardial imaging in man with I-123

meta-iodobenzylguanidine. J Nucl Med 1981;22:129-132.

20.

21.

22

23.

24,

25.

26.

27.

28.

29.

30.

31

32

33.

34,

3s.

36.

37.

. Minardo JD, Tuli MM, Mock BH, et al. Scintigraphic and electrophysiological

evidence of canine myocardial sympathetic denervation and reinnervation pro-
duced by myocardial infarction or phenol application. Circulation 1988;78:1008 -
1019.

. Henderson EB, Kahn JK, Corbett JR, et al. Abnormal I-123 metaiodobenzylguanidi

myocardial washout and distribution may reflect myocardial adrenergic derangement
in patients with congestive cardiomyopathy. Circulation 1988;78:1192-1199.
Nakajima K, Bunko H, Taki J, Shimizu M, Muramori A, Hisada K. Quantitative
analysis of '2*I-meta-iodobenzylguanidine (MIBG) uptake in hypertrophic cardiomy-
opathy. Am Heart J 1990;119:1329-1337.

Wakasugi S, Wada A, Hasegawa Y, Nakano S, Shibata N. Detection of abnormal
cardiac adrenergic neuron activity in adriamycin-induced cardiomyopathy with iodine-
125-metaiodobenzylguanidine. J Nucl Med 1992;33:208-214.

Merlet P, Valette H, Dubois-Rande JL, et al. Prognostic value of cardiac metaiodo-
benzylguanidine imaging in patients with heart failure. J Nucl Med 1992;33:471-477.
Fagret D, Wolf JE, Vanzetto G, Borrel E. Myocardial uptake of metaiodobenzylgua-
nidine in patients with left ventricular hypertrophy secondary to valvular aortic
stenosis. J Nucl Med 1993;34:57-60.

Rabinovitch MA, Rose CP, Schwab AJ, et al. A method of dynamic analysis of
iodine-123-metaiodobenzylguanidine scintigrams in cardiac mechanical overload hy-
pertrophy and failure. J Nucl Med 1993;34:589-600.

Arbab AS, Koizumi K, Takano H, Uchiyama G, Arai T, Mera K. Parameters of
dynamic and static iodine-123-MIBG cardiac imaging. J Nuc! Med 1995;36:962-968.
Tsuchimochi S, Tamaki N, Tadamura E, et al. Age and gender differences in normal
myocardial adrenergic neuronal function evaluated by iodine-123 MIBG imaging.
J Nucl Med 1995;36:969-974.

Slosman DO, Davidson D, Brill AB, Alderson PO. lodine-123-metaiodobenzylguani-
dine uptake in the isolated rat lung: a potential marker of endothelial cell function. Eur
J Nucl Med 1988;13:543-547.

Slosman DO, Morel DR, Mo Costabella PM, et al. Lung uptake of '3'I-metaiodoben-
zylguanidine in sheep: an in-vivo measurement of endothelial cell function. Am Rev
Resp Dis 1987;135:A81.

Ishii Y, MaclIntyre WJ, Pritchard WH, Eckstein RW. Measurement of total myocardial
blood flow in dogs with 43K and the scintillation camera. Circ Res 1973;33:113-122.
Gillis CN, Pitt BR. The fate of circulating amines within the pulmonary circulation.
Ann Rev Physiol 1982;44:268-281.

Fillenz M. Innervation of pulmonary and bronchial blood vessels. J Anat 1970;106:
449-461.

Duchen LW, Anjorin A, Wakins PJ, Mackay JD. Pathology of autonomic neuropathy
in diabetes mellitus. Ann Inter Med 1980;92(Part 2):301-303.

Ganguly PK, Beamish RE, Dhalla KS, Innes IR, Dhalla NS. Norepinephrine storage,
distribution, and release in diabetic cardiomyopathy. Am J Physiol 1987;252:E734—-
739.

Sandler M, Bunn AE, Stewart RI. Pulmonary function in young insulin-dependent
diabetic subjects. Chest 1986;90:670-675.

Vracko R, Thoming D, Huang TW. Basal lamina of alveolar epithelium and
capillaries: quantitative changes with aging and in diabetes mellitus. Am Rev Respir
Dis 1979;120:973-983.

Uchida K, Takahashi K, Aoki R, Ashitaka T. Ventilation-perfusion scintigram in
diabetics. Ann Nucl Med 1991;5:97-102.

Tamaki N, Itoh H, Ishii Y, et al. Hemodynamic significance of increased lung uptake
of thallium-201. Am J R 1982;138:223-228.

THE JOURNAL OF NUCLEAR MEDICINE * Vol. 39 « No. 2 « February 1998





