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Purpose: To investigate the influence of diabetic myocardial damage (suspected myocardial
damage; SMD) diagnosed by 2°!TI-SPECT and diabetic cardiac autonomic neuropathy (AN) on
myocardial MIBG uptake in patients with non-insulin-dependent diabetes mellitus (NIDDM).
Subjects and Methods: Eighty-seven diabetic patients divided into four subgroups: 23 with SMD
(+) AN (+); 19 with SMD (+) AN (-); 27 with SMD (-) AN (+); 18 with SMD (=) AN (-), and 10
controls were studied. Both planar and SPECT images were taken at 30 minutes (early) and 3 hours
(delayed) after '2I-MIBG injection. The heart to mediastinum uptake ratio (H/M) and washout ratio
of '21-MIBG (WR) were obtained from both planar images. On SPECT images, the total uptake
score (TUS) was obtained by the 5 point score method by dividing the myocardium into 20 segments
on visual analysis. Similarly, the difference between the 2°' Tl image and the '2>I-MIBG image in
TUS was taken as the difference in the total uptake score (ATUS) representing cardiac sympathetic
denervation without SMD.

Results:  On both early and delayed planar images, the mean H/M value in the subgroups of diabetic
patients was significantly lower in the SMD (+) AN (+) group than in the control group, but among
those subgroups, there was statistically significant difference between the SMD (+) AN (+) and
SMD (-) AN (-) groups only on the delayed images. Regarding the WR value, there was no
statistically significant difference among subjects. On SPECT image analysis, the diabetic sub-
group with AN or SMD had statistically significant lower values for TUS than those of the control
group. Among diabetics, there was a statistically significant differences between SMD [+] AN [+]
and SMD [-] AN [-] on both early and delayed images. Similarly, the SMD [+] AN [—] group also
had significantly lower values than those of SMD [-] AN [—] on early images. Regarding ATUS,
there was a statistically significant differences between AN [+] subgroups and controls. Similarly,
the mean value for ATUS was much higher in AN [+] subgroups than in AN {—] subgroups with or
without SMD in diabetes mellitus.

Conclusion: '2*I-MIBG myocardial uptake is affected by both SMD and cardiac autonomic
neuropathy. Based on the finding that ATUS was much higher in AN [+] subgroups and there was
no statistically significant difference between SMD [+] AN [+] and SMD [~] AN [+] subgroups, a
decrease in myocardial '>)I-MIBG uptake might progress independently of SMD.
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INTRODUCTION

ALONG WITH CARDIAC DENERVATION, cardiac autonomic
neuropathy is a significant prognostic factor for diabetes
mellitus.! Many studies have reported the usefulness of
123].MIBG scintigraphy in diabetic cardiac denerva-
tion.”"'% In particular, diabetic patients with cardiac auto-
nomic neuropathy (AN) had a considerably decreased
uptake of MIBG when compared to diabetics without
AN,2* but the diagnostic value of '2I-MIBG myocardial
scintigraphy in diabetes is limited because reduced '23I-
MIBG uptake is considered to be caused not only by
macroangiopathy'! but also by microangiopathy.?

Diabetic cardiomyopathy is one of the major complica-
tions in patients with diabetes mellitus, being probably
caused by microangiopathy.!>13 Although its clinical
criteria have not been determined yet, 20! TI-SPECT is
known as a useful method for diagnosing it.!*'5 Gener-
ally, 2'TI-SPECT is often used to screen ischemia and
reversible perfusion defects on exercise 2°! Tl scintigra-
phy in conjunction with ST segment depression, which is
a diagnostic finding.'® Although coronary angiography
should be used to confirm myocardial ischemia, it cannot
be used routinely in some cases of diabetes with equivocal
SPECT findings and negative exercise ECG. Although
the exact mechanism is unknown, one of the main causes
of such a phenomenon is considered to be diabetic cardi-
omyopathy induced by microangiopathy.!#!3 Since dia-
betic patients with such findings could not be asked to
have further coronary angiogram for ethical reasons, it
was decided to resort to careful course observation. Con-
sequently, there had been no report regarding '2’I-MIBG
myocardial uptake in patients with or without diabetic
cardiomyopathy and cardiac autonomic neuropathy.

In the current study, we defined suspected myocardial
damage (SMD) as a case with decreased 2°' Tl uptake
without significant ST depression on exercise ECG. All
SMD patients had a normal echocardiogram and no his-
tory of myocardial ischemia. SMD was, therefore, con-
sidered to be mainly caused by diabetic cardiomyopathy.

Accordingly, the current study was undertaken to clarify
how AN diagnosed by clinical autonomic nerve function
tests and SMD influences cardiac '2I-MIBG uptake in
NIDDM.

MATERIALS AND METHODS

Population study
A total of 87 patients over 45 years of age with non-
insulin-dependent diabetes mellitus (NIDDM), as defined
by the criteria of the National Diabetes Group, and 10 age-
matched controls were enrolled in this study. All subjects
were asymptomatic and had normal cardiovascular physi-
cal examinations, normal rest 12-lead electrocardiograms
(ECG), and normal echocardiograms.

To detect suspected diabetic myocardial damage (SMD),
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Fig. 1 Schematic presentation illustrating the left ventricular
segmental analysis of myocardial SPECT images.

all subjects underwent exercise 2! Tl-myocardial scintig-
raphy and treadmill exercise ECG by the Bruce proto-
col.'” SMD was defined as the presence of reversible
decreased uptake on exercised 2°' Tl myocardial SPECT
without ST-segment depression on ECG. We neglected
all patients with > 1 mm ST-segment depression on
exercise ECG who are highly suspected of having silent
myocardial ischemia.!618

Consequently, there were 45 patients with normal 2°'T]
myocardial SPECT, 42 diabetic patients who were clini-
cally suspected of having diabetic myocardial damage
(SMD (+)) as diagnosed by 2°'TI myocardial SPECT, and
10 normal controls.

To detect cardiac autonomic nerve dysfunction, the
patients were evaluated for an abnormal blood pressure
response to heart rate variability during a bedside maneu-
ver.2 The evaluation of heart rate variability was per-
formed by quantitation of the coefficient of variation of
R-R intervals (CVr.r).!%2! ECGs were recorded in the
resting supine position, and the CVr.r (mean/SD x 100%)
was calculated by processing 100 consecutive R-R inter-
vals.2 As the normal value for CVr r is different in each
generation,?! the normal lower limits of volunteers were
delimited as follows: 41-50 years: 2.2, 51-60 years: 1.9,
and older than 60 years: 1.6. The value for each lower limit
or less was defined as abnormal. All AN (+) patients met
these CVR.r criteria. The AN (+) group had a high
incidence of orthostatic hypotension (56.3% and 57.8%).
Sweating abnormality (82.4% and 84.2%) and diabetic
diarrhea (82.4% and 78.9%) were also frequently seen in
the AN (+) group.

Finally, all patients were divided into four subgroups:
23 with SMD (+) AN (+); 19 with SMD (+) AN (-); 27
with SMD (-) AN (+); and 18 with SMD (=) AN (-). All
subjects agreed to participate in the study approved by the
Institutional Review Board of the Miyazaki Medical
College.
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Protocol for imaging

To block tracer uptake in the thyroid gland, each subject
received 10 mg of potassium iodine 2 days before the
investigation and 10 mg daily for 1 or 2 days afterwards.
Both the patients and the normal control groups remained
on their normal diets and drug regimens except for drugs
that cause alterations in sympathetic activity. Both planar
and SPECT studies were performed 30 minutes and 3
hours after '2I-MIBG (111 MBq) injection by using a
rotating gamma camera (ZLC7500, Shimadzu) equipped
with a low-energy, parallel-hole, general-purpose colli-
mator collecting 32 frames (each 45 sec) from the 45-
degree right anterior oblique position to the 45-degree left
posterior oblique position. The full photopeak of 231 (159
keV, 15%) was used. Transaxial slices (12 mm thickness)
were reconstructed with a Shepp-Logan convolution filter

and a back-projection technique. No attenuation correc-
tion was applied.

The symptom-limited supine ergometer exercise test
was done by starting the exercise at 25 watts and increas-
ing it by 25 watts every 3 min while monitoring with a 12-
lead electrocardiogram and blood pressure check. Exer-
cise end points were the development of physical exhaus-
tion, frequent premature ventricular contractions and
exertional hypotension. At near maximal exercise, 111
MBgq of 2! Tl-chloride was injected intravenously, and
exercise was continued for another minute. The study was
done at 1 week intervals after the '>*I-MIBG scintigraphy.
201TI-SPECT images were obtained with a rotating gamma
camera (ZLC7500, Shimadzu) equipped with a low-
energy, high-resolution, parallel-hole collimator centered
on the 70 keV photo peak with a 15% window at 10 min

Table 1

AN (+) AN (-) AN (+) AN (-) Control

SMD (+) SMD (+) SMD (=) SMD (-) (n=10)

(n=23) n=19) (n=27) (n=18) -
Age (yr) 57.0+12.6 498+ 164 546%11.5 58.2%11.9 56.1+19.2
BMI (kg/m?) 23.5%£35 23.0+35 21.6+38 220+28 21.8%14.2
Durations (yr) 145+9.2 88+58 13.6+7.7 11.5+6.3 /
FBS (mg/d)) 1768+ 71.7 103.3 + 64.5 180.8 + 66.5 157.1+63.7 96.3+235
HbAc 1.7+1.6 9.1+28 84116 7.5+1.9 35+1.2
Cholesterol (mg/dl) 223.5+58.5 203.3+494 215.2+49.6 21621458 198.6 + 36.8
Triglycerides (mg/d/) 189.1 +102.7 140.7£75.7 128.8 £52.3 1344 +61.9 1425+ 12.5
Frucutosamine (umol/l)  336.5 £99.7 4183 +1334 365.3 +108.3 340.3 £ 1007 246.8 + 36.8
Neuropathy (%) 83.3% 63.2% 85.2% 61.1% /
Retinopathy (%) 82.6% 42.1% 77.8% 61.1% /
Nephropathy (%) 78.3% 26.1% 59.3% 61.1% /
Orthostatic hypotension 56.3% 0% 57.8% 0% /
Sweating abnormality 82.4% 0% 84.2% 0% /
Diabetic diarrhea 82.4% 0% 78.9% 0% /

SMD: Suspected myocardial damage diagnosed by 2! TI-SPECT, AN: Cardiac autonomic neuropahy diagnosed by CVg.g,
BMI: Body mass index, FBS: Fasting blood sugar, HbA|c: Hemoglobion Ac, Under line: There were significant difference

between diabetes and control, *: p < 0.01

Table 2

AN (+) AN (=) AN (+) AN (=) Contral

SMD (+) SMD (+) SMD (-) SMD (-) ( on 1‘8)

(n=23) (n=19) (n=27) (n=18) n=
LVEF (%) 66.6 + 10.7 703+ 17.3 72.4+107 682+ 11.7 75.3+12.8

*
*
*
" I R |

CVRr (%) 1.1£0.32 27+0.77 1.1 £0.41 27+0.77 324033
NCV (m/sec) 40.4+5.7 43.0+73 39.9+6.5 42.9+39 /

SMD: Suspected myocardial damage, AN: Cardiac autonomic neuropathy diagnosed by CVg.r, LVEF: Left ventricular
ejection fraction, NCV: Conduction velocities of posterior tibial nerve, *: p < 0.01
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Fig. 2 Comparison of parameters of each indexes on planar images (a). Comparison of Total uptake
score (TUS) on SPECT images (b). Comparison of the difference between TUS on 2! TI-SPECT and
123l.MIBG SPECT (ATUS) (c).
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and 3 hr after 2! Tl injection. The camera was rotated over
a 180° arc in an elliptical orbit about the patient’s thorax
at 6° increments for 30 seconds each. Data were trans-
ferred to a minicomputer (Scintipac 700A, Shimadzu) for
further analysis.

Planar image analysis

For the semiquantitative analysis, the heart to upper
mediastinum uptake ratio (H/M) was calculated by the
conventional ROI method on both early and delayed
planar images, as previously reported.? After correction
for the physical decay of 21, the tracer washout rate from
the myocardium (WR) was calculated by dividing the
early minus delayed heart uptake count by the early heart
uptake count.

SPECT image analysis

Visual analysis was done with 20 segments per study;
three short-axis slice at the apical, mid, and basal levels
and a vertical long-axis slice at the mid-ventricular level
(Fig. 1). These SPECT images were also interpreted by
three experienced observers who did not have the patient’s
clinical information. The degree of tracer uptake on each
segment was scored as, normal 4, mildly decreased 3,
moderately decreased 2, severely decreased 1 and defect
0. By Maeno’s method, the sum of visual uptake scores on
each segment was taken as the total uptake score (TUS).
To account for a mismatch between the uptake of 2%
MIBG and 29'T1, the difference (ATUS) was calculated by
using the following formulas.??

n=20
1. TUS (Total uptake score) = 2 (Uptake score of
each segment)
2. ATUS (TUS difference between exercise 2°1Tl
SPECT and MIBG SPECT)
n=20
= X (Uptake score of exercise 2°' Tl — Uptake score
of 121-MIBG on each segment)

Regarding reversible perfusion defects in 29! Tl scintig-
raphy, we determined them by one or more grade im-
provements in uptake on the delayed image as compared
with those on the early image.

Statistics

Mean values for each parameter were compared among
diabetic subgroups and controls. All values are presented
as mean values t s.d. Scheffe’ F test for multiple compari-
sons was applied to detect the statistically significant
difference as defined by ANOVA. A value of p < 0.05 was
considered statistically significant.

RESULTS

The clinical characteristics, diabetic status, and clinical
laboratory data for each group are summarized in Table 1.
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There were no significant differences between diabetics
and normal controls except for FBS, HbAc and
Fructosamine. Although there were no statistically
significant differences in the values for LVEF and NCV,
CVr.r had a statistically significant lower value in AN (+)
groups than in AN (—) groups (Table 2).

Planar image analysis

Only the SMD (+) AN (+) group had statistically significant
lower H/M values than those of the controls in both early
and delayed studies. Although SMD (+) AN (+) had a
much lower H/M value than that of the SMD (=) AN (-)
group on the delayed study (2.2 £ 0.3 versus 2.8 0.2, p
<0.05), there was not a statistically significant differences
between if and any of the other diabetic subgroups. With
regard to the mean value for WR, no statistically significant
difference was observed among the subgroups (Fig. 2a).

SPECT image analysis

Mean TUS values were statistically of lower significance
in diabetic subgroups than in control subjects on delayed
MIBG images. Among diabetics, there was a statistically
significant difference between the SMD (+) AN (+) group
and the SMD (-) AN (-) group in both early (39.0 8.7
versus 62.4+6.5, p <0.01) and delayed studies (28.9£9.2
versus 53.3 £ 6.8, p < 0.01). More importantly, there was
no statistically significant difference among diabetes with
SMD or AN (Fig. 2b).

The mean value for the ATUS in AN (+) group was
much higher than that of the control group on both early
and delayed images. Among diabetics, the AN (+) group
had a statistically much higher ATUS value than the SMD
(+) AN (-) group (early: 28.8 £ 10.1 & 30.5 + 8.7 versus
11.7£7.8,p<0.05 & p<0.01, delay: 38.8+12.3 & 38.5
+ 10.7 versus 21.0 £ 5.8, p < 0.05 & p < 0.01). More
importantly, there was no statistically significant differ-
ences between the SMD (+) AN (—) group and the other
groups (Fig. 2¢).

A Representative Case (Fig. 3)

A 66-year-old female with NIDDM. In addition to a lower
CVr-r of 0.65, the patient had symptoms of somatic
autonomic neuropathy (i.e., orthostatic hypotension, dia-
betic diarrhea, and night-time sweating). Although the
exercise 2°'TI SPECT showed perfusion defects with
redistribution on the delayed image, there were no
significant changes in the exercise ECG and echocardiog-
raphy. Because of these findings the patient was put into
the SMD (+) AN (+) group. Planar '2)[-MIBG myocardial
scintigraphy showed severely decreased uptake of the
heart with accelerated washout on the delayed image. H/
M on the early and delayed images was 1.9 and 1.6
respectively, and WR was 37.9%. '2I-MIBG SPECT
showed a defect in the inferior wall and severely de-
creased uptake in both the lateral wall and septum on the
early image.
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Fig. 3 A 66 year-old-woman in SMD (+) AN (+) group. Planar early image showed severely decreased
123 MIBG uptake of heart (a) with accerelated washout on the delayed image (b). Values of H/M on the
early and delayed images were 1.9 and 1.6 respectively and WR was 37.9%. Stress 2! T1 SPECT showed
decreased uptake in the inferior wall (c) with redistribution on the delayed image (d). '2*I-MIBG SPECT
showed defect in inferior wall and severely decreased uptake both in lateral wall and septum on the early
image (e). Delayed SPECT image showed striking washout with small amount of residual tracer in
anterior wall (f). Values of TUS on the early and delayed images were 31 and 10. Values of ATUS were
28 and 49.
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The delayed image showed striking washout with a
small amount of residual tracer in the anterior wall. TUS
values on the early and delayed images were 31 and 10.
ATUS values of were 28 and 49.

DISCUSSION

The usefulness of '2I-MIBG imaging for the assess-
ment of cardiac sympathetic innervation is generally ac-
cepted.?*?* A diabetic heart has also been reported to
undergo denervated changes resulting in decreased !23I-
MIBG uptake,>"!? but the cardiac complications caused
by diabetic angiopathy restrict the clinical value of 23]
MIBG. That is, cardiac '**I-MIBG uptake is considered to
be affected by both diabetic myocardial damage and
cardiac autonomic nerve dysfunction.-¢ Therefore, for
the diagnosis of diabetic heart, conclusions cannot be
reached with '2I-MIBG myocardial scintigraphy alone.

To clarify the influence of SMD, all subjects undertook
both 2! TI-SPECT and '#*I-MIBG myocardial scintigra-
phy in the current study. As we expected, there was a
statistically significant difference between SMD (+) AN
(+) and controls in the H/M value. Among diabetic pa-
tients, a statistically significant differences was shown
only between the SMD (+) AN (+) and the SMD (-) AN
() groups on the delayed study. H/M is a simple method
which allows the comparison of inter-individual and
inter-institutional results by correcting for differences in
the body geometry and attenuation of individual subjects.
Nevertheless, it is sometimes difficult to make a ROI
assignment on the planar image (i.e., heart uptake in-
cluded that of the myocardium and activity of the overly-
ing lung, posterior to the heart), particularly in diffusely
decreased myocardial uptake such as that of a diabetic
individual. This might explain the insignificant statistical
difference among diabetics in the H/M value.*

WR is also a commonly used index for increasing
sympathetic nerve activity related to norepinephrine stor-
age ability. Although some reports indicated that WR
increases in diabetes mellitus,? our previous data did not
confirm this phenomenon.? The cardiac sympathetic nerve
is frequently degenerated, and 'ZI-MIBG sometimes
accumulates less evenly on the early images. The absolute
amount of tracer which is washed out between early and
delayed images should be relatively small in such cases.
This explains why some of the diabetic subgroups failed
to establish statistical significance.

On the contrary, TUS was greatly affected by SMD and
AN. As expected, the SMD (+) AN (+) group showed the
most prominent change, but there was no statistical
significance among the diabetic subgroups with AN or
SMD. We could therefore confirm that both factors
influence cardiac '2I-MIBG uptake. TUS provides re-
gional information about tracer uptake which is more
reliable than that from the H/M in the evaluation of
segmental analysis. Nevertheless, we could not determine
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whether the main cause of reduced '2*I-MIBG uptake is
myocardial damage or cardiac autonomic neuropathy.

ATUS is an index representing the degree of myocar-
dial sympathetic denervation without myocardial dam-
age. Generally, the areas of reduced 'I-MIBG uptake are
larger than 2°'TI perfusion defects in myocardial is-
chemia.?>~?" Such lesions are considered to be viable but
denervated.?’ Silent myocardial ischemia could also pro-
mote denervation in surrounding ischemic lesions,>!! but
in the current study, there was no statistically significant
difference between the SMD (+) AN (=) and SMD (=) AN
(—) groups in the mean ATUS value. These results sug-
gested that the reason for the decreased 2°'T1 uptake in
SMD was unlikely to be macroangiopathy but mainly
microangiopahty. Under normal cardiac autonomic nerve
conditions, the surrounding SMD tissues might not be
prominently denervated.

Conversely, the subgroups with AN had much higher
ATUS values than other groups. The findings suggested
that decreased '2I-MIBG uptake would progress even in
the absence of SMD. Previously, Maeno et al.?? reported
that these mismatched segments had the potential for
provoking ventricular tachycardia (VT) in patients with
idiopathic dilated cardiomyopathy. Similarly, in NIDDM,
such arrhythmia is one of the major complications.?® The
AN (+) group with higher ATUS, therefore, might have a
potential risk of VT. ATUS could be a useful index to
predict malignant arrhythmia in diabetes mellitus.

As we expected, the ATUS score was higher in delayed
images owing to accelerated washout. Such lesions with
prominent '2I-MIBG washout were considered not to be
degenerated but in the dysfunctional state, namely re-
maining nerves which are activated to compensate for the
loss of quantity.® Because diabetic neuropathy is revers-
ible if treated in the early stage, early detection is very
important to achieve a better prognosis.?®3? The differ-
ence between early and delayed images in ATUS might
therefore reflect the amount of dysfunctional sympathetic
nerves and could be a useful index for indicating treat-
ment.

STUDY LIMITATIONS

The influence of aging is one factor. Tsuchimochi et al.
reported that inferior wall uptake of '2I-MIBG decreases
with aging in individuals without cardiac disease, espe-
cially men.*! Although there were no statistically signifi-
cant differences among the five subgroups in mean age,
elderly subjects in the current study probably had a lower
cardiac '21-MIBG uptake.

A second limitation is that the exact cause of the low
uptake on 20! SPECT was not clarified. Because of the
normal exercise ECG and normal UCG, the low uptake
of 20!T1 in the current study was unlikely to be related to
coronary artery involvement. However, depression of the
ST segment on exercise ECG is not the perfect index with
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which to diagnose myocardial ischemia.3? Diabetic neu-
ropathy interferes with afferent cardiac nerves leading
to loss of noxious perception and resulting in the high
incidence of silent myocardial ischemia in diabetes.? The
SMD group, therefore, might include some cases of silent
myocardial ischemia but our current data were different
from those in previous reports showing that the areas of
reduced '2’I-MIBG uptake are larger than 2°'T1 perfusion
defects in myocardial ischemia.?>-?7 If some cases of SMI
were included, there might be fewer cases in the current
study. Nevertheless, sensitivity and specificity of the
visually analyzed 2°'TI-SPECT for identification of coro-
nary artery disease are both around 80%.33 Coronary
angiography should, therefore, be recommended for pre-
cise diagnosis.

Another limitation is the possibility of altered 20Tl
uptake induced by sympathetic denervation. Experimen-
tally, myocardial sympathetic denervation is reported to
increase rest myocardial blood flow,* but the influence of
sympathetic denervation on myocardial blood flow is still
controversial.® Because 20Tl myocardial SPECT is usu-
ally performed for the screening of myocardial ischemia
when we evaluate !2I-MIBG myocardial scintigraphy,
future studies are required to elucidate how sympathetic
denervation alters the myocardial blood flow.

Nakajo et al. found that the cardiac '2I-MIBG accumu-
lation was inversely correlated with plasma concentra-
tions and the rate of urinary excretion catecholamine in a
rat model.3¢ Conversely, it has been reported that the
increase in the circulating norepinephrine concentration
is not the only factor involved in the decrease of '23I-
MIBG uptake.*3’ The current study did not determine the
plasma catecholamine concentration. Further studies
should be done to clarify the relationship between circu-
lating norepinephrine and impaired neuronal norepineph-
rine reuptake in the decrease in 12’ I-MIBG.

CONCLUSION

Both cardiac autonomic nerve dysfunction diagnosed by
CVr-r and myocardial damage diagnosed by 2°!Tl low
uptake were important factors in myocardial 'Z3[-MIBG
uptake in NIDDM.

Based on the result that there was a significantly higher
ATUS value in the AN (+) group than in the AN (=) group
and a statistically insignificant difference between SMD
(+) AN (+) and SMD () AN (+), decreased MIBG uptake
might progress independently of diabetic myocardial dam-
age.
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