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Relation of Iodine- 123 Metaiodobenzylguanidine Myocardial Scintigraphy to 
Endomyocardial Biopsy Findings in Patients with Dilated Cardiomyopathy 
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Background: Iodine- 123 metaiodobenzylguanidine ( lZ3I- 
MIBG) concentrates in adrenergic neurons and has been de- 
veloped for evaluation of the sympathetic nervous system. 
Recent studies have demonstrated that the normal heart is 
clearly visualized by lz3I-MIBG cardiac scintigraphy, where- 
as abnormal 1231-MIBG myocardial uptake and washout have 
been demonstrated in patients after myocardial infarction and 
in patients with congestive cardiomyopathy, long QT syn- 
drome, and ventricular tachycardia. 

Hypothesis: Based on evidence from recent studies, it can 
be hypothesized that 1231-MIBG uptake is related to histo- 
pathologic changes in the myocardium. 

Methods: The relation of 1231-MIBG uptake to the histo- 
logic findings for the heart was studied in 24 patients with di- 
lated cardiomyopathy (DCM). The study group did not in- 
clude patients with complicating disorders that primarily 
affect the adrenergic nervous system. The 1231-MIBG uptake 
was visually assigned one of four grades using the two criteria 
of the mean score for six regional uptake grades (mean score) 
and the global score obtained by visual evaluation of the en- 
tire image (global score). The lZ3I-MIBG uptake score was 
also determined for the region at which the biopsy specimen 
was obtained (biopsy region score). The histologic findings 
were evaluated by assigning one of four grades for each of the 
following five factors: myocyte hypertrophy, myocardial fi- 
brotic change, myocyte degeneration and necrosis, mononu- 
clear cell infiltration, and myocyte disarray. The sum for all 
grades was defined as the total score, and the global score was 
also assigned to the overall histologic findings. 
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Results: All of the global, mean, and biopsy region scores 
for 1231-MlBG uptake correlated significantly with the global 
and total scores for the histologic findings. Among the histo- 
logic factors, myocyte degeneration showed score correlated 
with all global, mean, and biopsy region scores for the uptake. 
Myocyte hypertrophy was associated weakly with the 1231- 
MIBG uptake scores. 

Conclusion: These results indicate that "WMIBG uptake 
imaging is associated with histopathologic abnormalities in 
patients with DCM. 

Key words: dilated cardiomyopathy, hstopathology, degen- 
eration, fibrosis, beta receptor, nuclear medicine 

Introduction 

Iodine- 123 metaiodobenzylguanidine ('231-MIBG), an 
analog of norepinephrine, concentrates in adrenergic neu- 
ronsl and has been developed for evaluation of the sympa- 
thetic nervous s y ~ t e m . ~ , ~  Studies in animals2 and in humans7. 

have demonstrated that the normal heart is clearly visual- 
ized by '231-MIBG cardiac scintigraphy, whereas abnormal 
1231-MIBG myocardial uptake and washout have been 
demonstrated in patients after myocardial infarction5, and 
in patients with congestive cardiomy~pathy,~.~ long QT syn- 
d r ~ r n e , ~  and ventricular tachycardia.I0 

Adrenergic innervation and catecholamine depletion have 
been demonstrated in experimental" pnd human congestive 
heart failure. 12, l3  A recent study demonstrated decreased beta1 
receptor density and attenuated sensitivity to catecholamine 
stimulation, that is, downregulation of adrenergic beta recep- 
tor, in the heart in idiopathic dilated cardiomyopathy (DCM). l4 
Decreased norepinephrine concentration in the myocardium 
in relation to downregulation of beta receptor has also been 
foundin DCM.IS Experimental studies have indicated that this 
downregulation is caused by long-term exposure of the my- 
ocq-dim to catecholamine in response to heart failure. 

It is well known that myocyte degeneration, necrosis, and 
cardiac fibrosis are critical features in the heart in DCM.l8 
Moreover, the same histologic abnormalities, especially my- 
ocyte degeneration and necrosis, also occur following long- 
term catecholamine exposure.1g-21 
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Based on these lines of evidence, it can be hypothesized that 
I29MIBG uptake is related to histopathologic changes in the 
myocardium. Accordingly, we examined the relation of my- 
ocardial '231-MIBG uptake to histopathologic abnormalities 
observed in endomyocardial biopsy specimens from patients 
with DCM. 

Patients and Methods 

Patients 

Among 37 consecutive patients who underwent endomy- 
ocardial biopsy after providing informed consent, a total of 24 
patients in whom a diagnosis of DCM was established were 
studied. The group studied included no patient with a compli- 
cating disorder that primarily affects the autonomic nervous 
system, including the cardiac adrenergic nervous system, 
such as diabetes mellitus. The 13 patients excluded were 2 pa- 
tients with associated hypertrophic cardiomyopathy (HCM) 
with preserved left ventricular (LV) function; 3 with HCM 
that had progressed to DCM-like conditions; 3 with hyperten- 
sive heart disease with heart failure; and I each with QT pro- 
longation syndrome, hypothyroidism, convalescent stage of 
acute myocarditis, ischemic DCM, and right-sided heart fail- 
ure. The clinical characteristics of the 24 patients studied are 
listed in Table I. The symptoms in relation to the cardiac con- 
dition at the time of biopsy examination were determined ac- 
cording to New York Heart Association (NYHA) functional 
class2* Endomyocardial biopsy was performed to determine 
whether there was underlying heart disease that caused LV di- 
lation with reduced wall motion. Beta blockade and drugs 
that affect catecholamine metabolism were not administered 
to any of the patients examined. Conventional 12-lead elec- 
trocardiography (ECG), plain chest x-ray, and echocardiogra- 
phy with pulsed Doppler examination were performed in all 
patients. Associated primary valvular disease was not present 
in any of the patients. Coronary angiography, performed in all 
patients, revealed no stenotic lesion in any of them. Dilated 
cardiomyopathy was diagnosed according to the diagnostic 
criteria of the World Health OrganizatiodInternational Soci- 
ety and Federation of Cardiology Task Force,23 with demon- 
stration of histologic findings for the biopsy specimens con- 
sistent with DCM. 

TABLE I Patient characteristics 

1231-MIBG Myocardial Scintigraphy 

Image collection: For blocking of the thyroid uptake of free 
iodine, Lugol's solution (containing 10 mg iodine and 20 mg 
potassium iodine per I nil) was administered orally; 10 drops 
were given daily for 5 days before the scintigraphic examina- 
tion. After a 15-min rest period, a 111-MBq bolus of 1231- 
MIBG (Daiichi Radioisotope Co. Ltd., Tokyo) was injected 
intravenously. Twenty min after the bolus injection of 1231- 
MIBG, 5-min static acquisitions (early image) were perform- 
ed with a tomographic gamma camera with a high-resolution, 
low-energy parallel collimator (SNC-5 10R, Shimazu Co. 
Ltd., Kyoto). Projection images were corrected for45 s each at 
6" increments over 180" circular orbits from 45" right anterior 
oblique to 45" left posterior oblique. The delayed image was 
acquired 4 h after the first image collection. Collected images 
were reconstructed by filtered back projection with a Butter- 
worth filter combined with a Wiener filter. Vertical long-axis, 
short-axis, and trans-axis images (6 &pixel) were extracted 
from the reconstructed volume. Another 8 X 8 pixel region of 
interest was positioned over the upper mediastinum area. The 
heart-to-mediastinum ratio (H/M ratio) for the 12?I-MIBG ac- 
tivity in anterior planar image collection acquired 4 h after the 
frst image collection was computed in 18 patients, and this ra- 
tio served for statistical analysis. Because of the lack of planar 
image due solely to incidental procedural error, the WM ratio 
could not be obtained in six patients. The H/M ratio obtained 
from 18 patients was compared with the global and mean 
scores for '231-MIBG uptake, obtained as described below, 
in order to test the validity of the visual '231-MIBG uptake 
scoring system employed in this study. 

Scoring of 1231-MIBG uptake: The three sets of vertical 
long-axis, short-axis, and transverse-axis images were ac- 
quired, each comprised of 14 slices. Each tomographic image 
was divided according to anatomic landmarks into the six re- 
gions of anterior, septal, inferior, posterior, lateral, and apical. 
Delayed images of 1231-MIBG uptake in each division were 
visually evaluated by two investigators who were blinded to 
all clinical and histopathologic information about the patients. 
The interobserver and intraobserver reliabilities were as- 
sessed. The histologic findings were visually scored into four 
grades, and the 1231-MIBG uptake in each division was also 
visually graded as follows: 0, uptake not reduced compared 

No. of Age Echocardiography Chest x-ray 
patients M: W (years) LVDd (mm) LVEF (%) CTR (%) NYHA class 

Class I n = 7 
Class I1 n = 7 

Class III n = 7 
ClassIV n=3 

24 159 622 10 62-t 10 31 2 I3 5327 

Abbreviations: M = men, W = women, LVDd = left ventricular end-diastolic dimension, LVEF = left ventricular ejection fraction, CTR = cardio- 
thoracic ratio, NYHA = New York Heart Association. 
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with that in normal positive controls; I ,  mildly reduced up- 
take; 2 ,  severely reduced uptake; and 3,  complete or almost 
complete absence of uptake. Both the mean score for the six 
regional uptake grades (mean score) and the global score ob- 
tained by visual evaluation of the entire image (global score) 
were assigned. The score for '231-MIBG uptake was also de- 
termined for the region from which the biopsy specimen was 
obtained (biopsy region score). These grading values were 
then subjected to the statistical analysis described below. 

Endomyocardial Biopsy and Histologic Analysis 

After obtaining informed consent from the patients, we ob- 
tained three to five endomyocardial biopsy specimens from 
the right side of the septum and/or the posterolateral wall of 
the left ventricle using a biotome (Bicep 6110, Boston 
Scientific Corp., Natick, Mass., USA). Each biopsy specimen 
was fixed with 10% buffered formalin and embedded in 
paraffin, and the paraffin-embedded specimens were then cut 
into 6 - p  sections; these were stained with hematoxylin- 
eosin and Azan-Mallory stains. The specimens were evaluat- 
ed histologically according to well-established histopatho- 
logic and then assessed for the following five 
factors: myocyte hypertrophy, myocardial fibrotic change, 
myocyte degeneration, mononuclear cell infiltration, and my- 
ocyte disarray. Each factor was scored as follows: 0, not ob- 
served: 1, slight but apparent; 2,  moderate; and 3,  severe. The 
sum of the grades for all five factors (total score) was deter- 
mined. The global score was assigned as follows: 0, minimal 
changes with mild hypertrophic findings; 1, hypertrophic 

findings with mild intracellular fibrotic change; 2, in addition 
to the changes in 1, moderate myocyte degeneration with re- 
placement fibrotic change; and 3, severe myocyte degenera- 
tion with myocyte necrosis and replacement fibrotic changes. 
The histopathologic grading was evaluated by two investiga- 
tors who were blinded to all clinical and scintigraphic infor- 
mation about the patients. Interobserver and intraobserver re- 
liabilities were assessed. 

Statistical Analysis 

As the scoring method employed a ranking scale for both 
'231-MIBG myocardial uptake and grading of endomyocar- 
dial histologic findings, we employed nonparametric analysis 
for correlation by ranks to examine the relation of myocardial 
scintigraphic '231-MIBG uptake to endomyocardial histolog- 
ic findings. The relation of '231-MIBG uptake and endomy- 
ocardial histologic findings to the NYHA functional class was 
also examined using the same correlation analysis. A p value 
of < 0.05 was considered to be a statistically significant differ- 
ence. All values are expressed as mean 5 standard deviation. 

Results 

lZ3I-MIBG Uptake and Endomyocardial Biopsy Findings 

Table II shows the distribution of patients classitied by the 
1231-MIBG uptake scores. Regional '231-MIBG uptake dif- 
ference 2 two grades was observed in only two patients. Seg- 
mental defect was not observed in any patients studied. There 

TABl.ri. I I  Patient distribution by scoring system for '231-MIBG uptake and histologic findings 

A: MIBG uptake 

Total number Number of patients 
of patients Mean score Number of patients Score Global Anterior Septum Inferior Posterior Lateral Apex 

Score 05 < 1 7 Score 0 2 8 7 2 1 8 1 
Score I 10 5 5 3 6 5 5 

score 2 I 9 8 6 5 8 8 
Score 25 <3 I I  Score 3 5 2 4 13 12 3 10 

24 Score I5 <2 6 

B: Histologic findings 

Total Number of patients 
number of Number of Myocyte Myocardial Myocyte Mononuclear Myocyte 
patients Mean score patients Score Global hypertrophy fibrosis degeneration cell intiltwtion disarray 

Score05 <3 2 Score0 1 0 0 2 14 0 
Score 3 5  <6 1 1  Score 1 6 14 12 8 8 16 

Score65 <9 10 Score2 13 9 10 13 2 8 
Score9< <I2 I Score3 4 1 2 1 0 0 

24 

Ahhrrviations: MIBG = I- 123-metaiodobenzylguanidine. 
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was a significant correlation between the global and mean 
scores for 1231-MIBG uptake (r = 0.91, p<O.Ol). Moreover, the 
global and mean scores for '231-MlBG uptake correlated sig- 
nificantly withtheHMratio(-O.71,p<O.O1; -0.87,p<0.01, 
respectively ). Representative sets of 1231-MIBG scintigraphic 
images are shown in Figure 1. Table I1 also shows the distribu- 
tion of patients classified by the scores for endomyocardial 
biopsy findings. There was a significant correlation between 
theglobal and totalscores(r=0.71,p<0.01). 

Relation of lUI-MIBG Uptake to Histologic Findings 

The results of the correlation analysis are summarized in 
Table 111. All of the global, mean, and biopsy site scores for 
I2'I-MIBG uptake correlated with both the global and total 
scores for endomyocardial histologic findings. Among the 
five histologic factors, myocyte degeneration score showed 
correlations with all global, mean, and biopsy region scores for 
12"-MIBG uptake. The score for myocyte hypertrophy was 
weakly associated with these scores for 1231-MIBG uptake, but 
the myocardial fibrosis score did not obviously correlate with 
12'I-MIBG uptake scores. 

Relation to NYHA Classification 

Table IV summarizes the results of correlation analysis of 
1231-MIBG uptake and of endomyocardial histologic findings 

withNYHAfunctional class. Both the global and mean scores 
for I29MIBG uptake correlated significantly with NYHA 
class. The global score for endomyocardial histologic findings 
also correlated with NYHA class, but correlation was weaker 
than that of '231-MIBG uptake to NYHA functional class. 

Discussion 

The major findings of this study were that the myocardial 
1231-MIBG uptake of patients with DCM is related to endo- 
myocardial biopsy histopathologic findings. The 12'I-MIBG 
uptake also correlated significantly with myocyte degenera- 
tion and associated weakly with myocyte hypertrophy. 

The delayed image acquired 4 h after the early image was 
used for the evaluation of myocardial 1231-MIBG uptake. Pre- 
vious studies27, 28 demonstrated that the non-neural myocar- 
dial uptake of 1231-MIBG contributes mainly to the early im- 
age and disappears rapidly, while the neural uptake contributes 
to the delayed image. These findings indicate that the delayed 
image represents adrenergic nervous system function more 
faithfully than does the early image. In fact, increases in wash- 
out of '231-MIBG have been reported in severe DCM.* Use of 
the delayed image for evaluation of the adrenergic nervous 
system was thus considered theoretically reasonable. 

We evaluated 1231-MIBG uptake visually using the two 
methods of obtaining the mean score for each of six segments 

FIG. I Representative sets of Iz3I-MIBG myocardial scintigraphic delayed images for two patients. (A) Normal 1231-MIBC uptake (scores: glob- 
al score, 0 mean score 0.5) is found in association with minimal histologic abnormalities (scores: global score, 0; myocyte hypertrophy, 1; my- 
ocardial fibrotic change, 0; myocyte degeneration, 0; mononuclear cell infiltration, 0 and myocyte disarray, 1). (B) In contrast, severely decreased 
'231-MIBG uptake (scores: global score, 3; mean score 2.83) is associated with considerable histopathologic abnormalities (scores: global score, 
3; myocyte hypertrophy, 2; myocardial fibrotic change, 3; myocyte degeneration, 3; mononuclear cell infiltration, 0 and myocyte disarray, 2). 
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TAHL~: 111 Correlation coefficient of 1231-MIBG uptake scores to endomyocardial histologic scores (n = 24) 

Histolow 
~~~ ~ 

1211-MtBG Myocyte Myocardial Myocyte Mononuclenr Myocyte 
uptake Global score Total score hypertrophy fibrosis degeneration cell infiltration disarray 
~~ ______ ____ 

Global score 0.58 ” 0.42” 0.446 0.3 1 0.56“ 0.27 0 2s 
Mean score 
for segments 0.60” 0.49b 0.42h 0.36 0.58“ 0.36 0.18 

Score for 
biopsy site 0.67“ 0 66” 0.49” 0.4 1 0.65“ 0.53‘l 0.39 

TABLE IV 
domyocardial histologic scores (n = 24) 

Correlation coefficient of ‘231-MIBG uptake scores to en- 

1231-MIBG uptake Histology 
Global score Mean score Global score Total score 

NYHA 0.84“ 0.87“ 0.51 0.36c 

“p<0.0 I 
p<0.05. 
O.OS<p<O. 10. 

and obtaining the overall score (global score). We also deter- 
mined 1231-MIBG uptake at the region of the biopsy site (biop- 
sy region score). All scoring systems yielded essentially the 
Same results. Both mean and global scores for l2?II-MIBG up- 
take correlated with the WM ratio. Therefore, our methods for 
evaluation of I2’I-MIBG uptake seem to have high accuracy. 
Similarly to the I2”-MIBG uptake scoring, the evaluation of 
endomyocardial biopsy findings was also performed using 
global scoring and scoring of individual histologic factors 
with the sum for each histologic score. Both scoring systems 
presented the same relation to ‘231-MIBG uptake. The present 
results obtained by different methods for evaluation of 1231- 
MIBG uptake and histologic findings were thus considered to 
be valid. 

The 231-MIBG uptake was associated with histopatholog- 
ic biopsy findings, that is, myocardial damage. Myocyte hy- 
pertrophy was also weakly associated with decrease of 1231- 
MlBG uptake. There are no reports available on the relation 
to myocardial damage, and accordingly we are not able to 
compare the results of this study with those of previous stud- 
ies. One study, using binding assay of [3H] dihydroalprenolol, 
demonstrated that beta-adrenergic receptors are located on 
the cell surface membrane of myocyte~.’~ Thus, it would be 
logical to assume that loss of myocytes decreases 12TMIBG 
uptake, and, in fact, regional loss of I2”-MIBG uptake has 
been reported in the myocardial infarct lesion5* where my- 
ocyte loss has occurred. In the heart in DCM, the major his- 
topathologic characteristics are myocyte degeneration and 
necrosis.I8 On the other hand, downregulation of beta-adren- 

ergic receptors has been demonstrated. l 4  Other experimental 
studies16, have revealed that this downregulation is caused 
by long-term exposure of the myocardium to catecholamine. 
Many s tudie~l~-~I  have demonstrated that catecholamine ad- 
ministration can cause myocyte degeneration. The myocardi- 
um not only in congestive heart failure but also in the DCM 
heart would be under exposure to beta stimulant in response 
to hemodynamic failure, resulting in progression of histo- 
pathologic abnormalities of the myocardium, especially my- 
ocyte degeneration and necrosis. It is also well known that 
catecholamine causes myocyte hypertrophy. It is theoretical- 
ly reasonable to assume that the NYHA functional class 
would reflect the extent of catecholamine exposure to the 
heart. In fact, as the present study disclosed significant corre- 
lation of NYHA functional class with myocardial I”I-MIBG 
uptake, this relation of I2”-MIBG uptake to the histologic 
findings may be at least partly explained by catecholamine 
exposure to the heart. These clinical and experimental find- 
ings could account for this significant relation. 

We noted no obvious relation between 1231-MIBG uptake 
and cardiac fibrosis. Reversible 12%-MIBG uptake after beta- 
adrenergic receptor blockade therapy has been reported in 
one patient.29 Similarly, we found an unchanged degree of 
myocardial fibrosis after beta-adrenergic receptor blockade 
therapy in one patient in this study, though improvement of 
l2’1-MIBG uptake was observed (data not shown). It is quite 
unlikely that myocardial fibrosis is markedly reduced by beta- 
adrenergic receptor blockade therapy, although improvement 
of myocardial function has been reported after such thera- 
py.30, 3 1  These reports are consistent with the absence we not- 
ed of a relation of IZ3I-MIBG to the extent of myocardial fi- 
brosis. Our results indicate that IZ3I-MIBG reflects histologic 
changes in the myocytes themselves. 

Although we found a significant correlation of ‘231-MIBG 
uptake with the endomyocardial histologic findings, the corre- 
lations were somewhat low. As we employed a four-grade 
scoring system for both ‘2311-MIBG uptake and histologic find- 
ings, we believe that the relatively small number of grades 
might partly account for the somewhat low correlations. 

There are clearly several limitations of this study. First, be- 
cause endomyocardial biopsy was performed only in patients 
in whom myocardial disease could not be diagnosed by the 
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conventional approach, this study included a relatively small 
number of patients and lacked a normal control subject goup. 
The use of more than one scoring system would have partly 
compensated for this limitation. Second, limited samples were 
obtained by endomyocardial biopsy. However, hearts with dif- 
fusely reduced wall motion were examined in this study and 
this sampling limitation thus would not have greatly affected 
overall the results obtained. 

In conclusion, the present results indicate that myocardial 
‘231-MIBG uptake is associated with the endomyocardial 
biopsy histopathologic findings, especially those for myocyte 
degeneration. 
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