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lodine-123-MIBG has been introduced as a biochemical marker in
assessing pulmonary endothelial cell integrity and myocardial ÃŸ-ad-
renergic sympathetic innervation. The aim of this study was to
evaluate 123I-MIBG lung uptake in diabetic patients with and without
coronary artery disease. Methods: Forty-four nonsmoking patients
with normal respiratory function tests were included: 12 diabetics,
11 diabetics with coronary artery disease, 14 nondiabetic patients
with coronary artery disease and 7 age-matched controls were
imaged with 123I-MIBG and 201TIscintigraphy. The lung retention of
123I-MIBG, cardiac sympathetic innervation (heart-to-upper medi
astinum ratio of 123I-MIBG) and 201TI lung-to-heart ratio were

determined in all cases. Results: In diabetics with coronary artery
disease, significantly prolonged lung retention and decreased car
diac uptake of 123I-MIBG were found. The lung retention of 123I-
MIBG was inversely correlated with the heart-to-upper mediastinum
ratio in this group. Lung-to-heart ratios of 201TIwere significantly

increased in patients with coronary artery disease but there was
no significant difference between diabetics and nondiabetics.
Conclusion: Prolonged lung retentionof 123I-MIBGwas associated

with decreased cardiac sympathetic innervation in diabetic coronary
artery disease patients. It seems that passive pulmonary congestion
or cardiac dysfunction itself did not influence 123I-MIBGlung uptake.
Increased lung extraction of 123I-MIBG is highly suggestive of

ongoing pulmonary endothelial dysfunction together with ischemie
events in diabetics.
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IXadi Jioiodinated metaiodobenzylguanidine (MIBG) has been
introduced as a biochemical marker in the assessment of
pulmonary endothelial cell integrity and cardiac /3-adrenergic
sympathetic innervation, in addition to its wide use in nuclear
oncology (1-7). This agent, as an analog of adrenergic neuron-

blocking agent guanetidine shares the same uptake, storage and
release mechanisms as norepinephrine (1-3,6,9). Circulating

biogenic amines, such as serotonin and norepinephrine, are
actively taken up and metabolized by the lungs, and have been
used to evaluate the functional state of pulmonary endothelium
in the experimental models and clinical conditions. They are
considered indicators of pulmonary endothelial cell integrity
(10-17). The uptake mechanism of these amines includes a
saturable, energy-requiring, sodium-dependent transport located
in the endothelial cell membrane (6,9). It has been documented that
MIBG is extracted by pulmonary endothelium through this
transport system in the same way as norepinephrine (6,9).
Therefore, I23I-MIBG lung extraction may reflect pulmonary

endothelial cell injury. Based on this hypothesis, abnormalities
in the lung extraction of 123I-MIBG have been reported after

occurrence of bleomycin lung toxicity and hypoxia in the recent
studies (4-5). Finally, the measurement of lung extraction of
123I-MIBG has been proposed as a sensitive marker in enabling
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demonstration of the presence of minimal endothelial cell
lesions (4). This study evaluated endothelial injury in diabetics
and the effect of coronary artery disease on pulmonary 123I-

MIBG uptake.

MATERIALS AND METHODS
Forty-four nonsmoking patients with normal respiratory function

tests were included: 12 diabetics, 11 diabetics with coronary artery
disease, 14 nondiabetic patients with coronary artery disease and 7
age-matched normal volunteers were examined. Written informed
consent was obtained in all cases before participation.

Normal coronary angiography or normal myocardial perfusion
SPECT, with low probability for coronary artery disease, were the
inclusion criteria for diabetics and control group. All diabetic
patients had Type II diabetes mellitus and were using oral hypo
glycÃ©miedrugs.

Additionally, in all patients, stable potassium iodide was given
to block thyroid uptake (two drops three times a day, 1 day before
and 3 days after the administration of 123I-MIBG) and interferring

drugs were discontinued 48 hr before the study (/#). Radiochem-
ical and radionuclide purities were greater than 95% and 99.9%,
respectively, at calibration time. Specific activity was in the range
of 83-118 GBq/mmol 110 MBq I23I-MIBG was slowly injected

intravenously, within 2 hr of calibration time.
Anterior static images were acquired 30 min and 4 hr after the

administration of 123I-MIBG with a gamma camera using a

low-energy, all-purpose collimator and setting the energy level to
123Iphotopeak (159 keV) with a 20% window. Static images in

256 X 256 matrices were obtained by collecting one million
counts.

Thallium-201 planar imaging also was performed to test the
possible effect of passive congestion on 123I-MIBG lung accumu
lation. Planar images were obtained 15 min after 110 MBq 20IT1

was injected intravenously.

Data Analysis
Iodine-123-MIBG lung retention was calculated for the mid

zone of the right lung to avoid crosstalk of liver and cardiac
activity. Appropriate regions of interest were drawn for this zone
and after the corrections for acquisition time and decay, mean
counts per pixel were used in the calculations. The following
formula was used to quantify lung retention of I23I-MIBG:

I23I-MIBG lung retention = delay uptake/early uptake X 100.

The heart-to-upper mediastinum ratio also was calculated for
evaluating cardiac sympathetic innervation. In 20IT1rest images,
the lung-to-heart uptake ratio was determined for the mid zone of
the right lung as in the l23 I-MIBG study.

Statistical Analysis
Correlation among variables was evaluated using Pearson cor

relation analysis, and the correlation coefficient is considered as: r
<0.25 = poor correlation, 0.25-0.49 = moderate, 0.50-0.75 =
good and >0.75 = strong correlation. Continuous variables were
reported as mean Â±1 s.d. Differences were considered significant
at p < 0.05 in the Mann-Whitney U test.
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TABLE 1
Clinical Characteristics of Study Groups

Age
Sex (M:F)
Duration of diabetes (yr)
Blood glucose (mg/dl)
HbA1c(%)tControls

n =753

Â±5.5
5:279.9

Â±14.9Diabetics

n =1251

Â±6.3
9:3

12.5 Â±2.3
179 Â±25.5*

7.4 Â±0.9CADn

=1452

Â±5.4
12:2DCADn

=1151

.5 Â±4.9
9:2

13.2 Â±3.2
184 Â±38.7*

7.5 Â±0.8

*p < 0.05 compared to controls, Mann-Whitney U test.

tNormal laboratory range: 3.3-6.6%.

CAD = nondiabetics with coronary artery disease; DCAD = diabetics

with coronary artery disease.

RESULTS
The clinical characteristics and laboratory data of the study

groups were compared and the results summarized (Table 1).
No significant differences were found in the metabolic control
of diabetes and disease duration among the diabetic groups.

The scintigraphic results are shown in Table 2. In diabetics
with coronary artery disease, both prolonged lung retention and
decreased cardiac uptake of I23I-MIBG were revealed (Fig. 1,

Table 2). In these patients, the lung retention and cardiac uptake
of 123I-MIBG were calculated as 80.1 Â±4.1 and 1.7 Â±0.15,

respectively, and both reached significance statistically com
pared to other groups. Interestingly, lung retention of

I-MIBG was inversely correlated with the heart-to-upper
mediastinum ratio in this group (r = â€”0.76,p = 0.024). Such

a correlation could not be found in normal volunteers and in
diabetic and nondiabetic patients with coronary artery disease.
In comparing lung-to-heart ratios of 201T1, increased 201T1

accumulation was identified in patients who had coronary artery
disease with or without diabetes mellitus (0.64 Â±0.14 and
0.63 Â±0.23, respectively; Table 2), in which the results of
coronary angiography were similar (Table 3). The lung reten
tion of diabetics without coronary artery disease was not
different from normals and nondiabetic patients with coronary
artery disease (Table 2). The decreased cardiac I23I-MIBG

uptake also was found in both diabetics and patients with
coronary artery disease when compared to normals (2.0 Â±0.27,
2.1 Â±0.34 and 2.5 Â±0.24, respectively, p < 0.05). An inverse
correlation was observed between 2()1T1lung accumulation and
cardiac sympathetic innervation (r = â€”0.53,p < 0.001).

DISCUSSION
The lungs actively take up I23I-MIBG through a saturable,

energy-requiring, sodium-dependent transport mechanism sim
ilar to biogenic amines (6-9). Previous studies confirmed the

FIGURE 1. Planar 123I-MIBGimages 30 min and 4 hr after MIBG injection in

a diabetic patient with CAD (A) and a nondiabetic patient with CAD (B). Both
patients had two-vessel coronary artery disease (LAD + CX). Note the higher
lung retention of MIBG as well as lower cardiac sympathetic innervation in
the diabetic with coronary artery disease when compared to a (B) nondia
betic patient.

diagnostic value of MIBG as an excellent marker of minimal
endothelial cell lesions (4-9). Our study demonstrated the
increased lung retention of I23I-MIBG in diabetic patients with

coronary artery disease, which was associated with impaired
cardiac sympathetic innervation. It seems that pulmonary pas
sive congestion itself does not affect lung uptake of I23I-MIBG.
There was no difference between 2(I1T1lung accumulation in

diabetic and nondiabetic coronary artery disease patients, which
has been considered a useful indicator of cardiac dysfunction (19).

In the previous reports (4,20), 99rnTc-human serum albumin
and 2(I1T1were used to differentiate 123I-MIBG lung uptake

from residual nonspecific lung activity and passive pooling.
The results supported the concept that I23I-MIBG was accumu

lated by the lungs through a specific mechanism, different from
201T1 and 99mTc-human serum albumin. It is likely that the

association of diabetes with coronary artery disease may have
an additive effect on the ability of pulmonary endothelium to
sequester radioiodinated MIBG. In other words, the results are
highly suggestive of ongoing pulmonary endothelial dysfunc
tion in diabetics with ischemia. A slight increase in MIBG

TABLE 2
Scintigraphic Study Results

Controls
n = 7Diabetics n = 12CAD n = 14DCAD n = 11

MIBG lung retention
(delay/early) x 100

201T1lung-to-heart ratio

MIBG heart-to-upper

mediastinum ratio

70.7 Â±1.8

0.34 Â±0.06
2.5 Â±0.24

0.42 Â±0.07
2 Â±0.27*

74 Â±8.7

0.63 Â±0.23T
2.1 Â±0.34T

80.1 Â±4.1*

0.64 Â±0.14r
1.7 Â±0.15*

'Compared to other groups, p = 0.05, Mann-Whitney U test.

tCompared to controls and diabetics, p = 0.05, Mann-Whitney U test.
*Compared to controls, p = 0.05, Mann-Whitney U test.
CAD = nondiabetics with coronary artery disease; DCAD = diabetics with coronary artery disease.
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TABLE 3
Coronary Angiography Results in Patients with Coronary Artery

Disease

LAD + CX
+ RCA LAD + CX LAD + RCA LAD

Nondiabetics with coronary
artery disease

Diabetics with coronary
artery disease5

52 32 32 3

retention in the lungs of patients with diabetes without coronary
artery disease and of nondiabetic patients with coronary artery
disease was not significant. The increased pulmonary capillary
wedge pressure, which has been demonstrated to be correlated
with resting increases in lung thallium activity (21), may alter
pulmonary endothelium, but the effect of diabetes on pulmo
nary endothelium and its clinical importance remains to be
elucidated. Limited data suggest that the lung is a target organ
in diabetes (22,23). It has been reported that the thickening of
the capillary basal membrane, nonenzymatic glycolysis of
proteins, endothelial changes, platelet alterations and free radicals
might lead to damage in the lungs of diabetic patients (24-26).

Caner et al. (25) found longer clearance times of 99mTc-

DTPA aerosol in diabetics. In a recent study performed by
Murashima et al. (20), increased I23I-MIBG retention has been

reported in diabetics but there is no information as to whether
their patients also had ischemie heart disease. They concluded
that increased I23I-MIBG lung extraction suggested sympa

thetic dysfunction in pulmonary vasculature. In the lung toxic-
ity of bleomycin and chronic exposure to hypoxia, decreased
pulmonary retention of I23I-MIBG has been noted and attrib

uted to intracytoplasmic edema and endothelial blebbing, both
detected by electron microscopy (4,5). Slosman et al. (4) have
used the first-pass extraction of 123I-MIBG in the measurements

but delay images (from 15 min to 240 min) also have been used
by other investigators (5,20). The result of these studies was
that radioiodinated MIBG could detect endothelial injury using
either early- or late-phase images after injection.

It is known that transport of biogenic amines requires normal
endothelial cell integrity. The decrease of 123I-MIBG extraction

by the lung in chronic hypoxia has been attributed to the
changes in pulmonary circulation involving an alteration of
either vascular surface area or endothelial cell function accord
ing to Richalet et al. (5). In contrast, the increased lung
extraction of I23I-MIBG in diabetic patients with coronary

artery disease may possibly be due to the thickening of the
capillary basal membrane, which causes a delay in the clearence
of this compound rather than any abnormality in uptake.Delayed l)1)mTc-DTPA aerosol clearance detected in diabetics

also supports this hypothesis (23).

CONCLUSION
Prolonged lung retention of I23I-MIBG was associated with

decreased cardiac sympathetic innervation in diabetic coronary
artery disease patients. It seems that pulmonary congestion or
cardiac dysfunction itself did not affect I231-MIBG lung uptake.

Pulmonary retention of 123I-MIBG seems rather to be influ

enced by ongoing pulmonary endothelial dysfuction and isch
emie events in diabetics.
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