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Diagnostic value of the early Heart-to-Mediastinum count ratio in Cardiac
1231-mIBG Imaging for Parkinson's Disease
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Abstract: Background: Early diagnosis of Parkinson's disease (PD) is of primary importance. The
delayed (3-4 h after injection) lodine-123-Metaiodobenzylguanidine (1231-mIBG) scintigraphy has
been proven to be effective in early differential diagnosis for Lewy body disease. But early imag-
ing (15-30 min after injection) has only been marginally studied for its possible diagnostic role. In
this prospective study, a threshold for the early Heart-to-Mediastinum (H/M) count ratio has been
investigated, obtaining a diagnostic accuracy analogous to conventional, delayed imaging.

Methods: One hundred and eight patients with suspected Parkinson's disease (PD) were acquired
after 15 and 240 minutes from the injection of 150-185 MBq of 1231-mIBG. The early and late
H/M (He/Me and HI/MI) were evaluated by drawing Region-of-Interests on the heart and the upper
half of the mediastinum. Optimal threshold (Youden index) and overall predictive performance
were determined by receiver operating characteristic curve, classifying tentatively patients having
an HI/MI lower than 1.6 as suffering from PD.
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10.2174/1874471013999200727211633  Results: He/Me was not significantly different from HI/MI (p-value=0.835). The Area-under-curve
was 0.935 (95%CI: 0.845-1.000). The He/Me optimal threshold was 1.66, with sensitivity, specific-

ity, and diagnostic accuracy of 95.5%, 85.7, and 90.7%, respectively.

Conclusion: The He/Me Ratio is almost as accurate as the widely used delayed 1231-mIBG imag-
ing, reducing the burden of delayed imaging but preserving the diagnostic accuracy of the method.
Moreover the differential diagnosis in Parkinson's disease can be made in just 25 minutes against
the 4 hours currently needed, lowering costs of the healthcare system and improving patients com-
pliance.
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1. INTRODUCTION

Early diagnosis of Parkinson's disease (PD) is of primary
importance, as the symptoms of different types of neurode-
generative diseases frequently overlap, especially in the earli-
er stages at onset [1]. Meta-iodobenzylguanidine (mIBG), a
guanethidine analog, shows an uptake mechanism and sto-

rage similar to that of noradrenaline. It is actively taken up
by the postganglionic presynaptic nerve endings of the adren-
ergic nervous system. Therefore, 123I-mIBG cardiac scintig-
raphy can non-invasively assess the postganglionic presynap-
tic cardiac sympathetic nerve endings [2, 3]. Loss of cardiac
MIBG uptake was demonstrated in Lewy body disease pa-
tients, such as PD [4] and dementia with Lewy bodies (DL-
B) [5]. Due to the characteristics, 1231-mIBG can increase
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the accuracy of the differential diagnosis for Lewy body dis-
ease (PD and DLB) from other parkinsonism and
Alzheimer’s disease. Uptake values are abnermal reduced
specifically in PD relative to other neurodegenerative mov-
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Table 1. Patient Characteristics

Total
(n=108)
Age (years); mean (SD) 64.3 (9.1)
Sex (male) 66.6%; n=72
Height (cm); mean (SD) 162.4 (9.7)
Weight (Kg); mean (SD) 68.7 (15.3)
Coronary artery disease none
Diabetes mellitus none
Hoehn e Yahr class
1 62%; n=67
1.5 4-38%; n=41

ement disorders [4, 6]. Patients exhibit low uptake also with
DLB, and this finding is considered a supportive feature of
the current diagnostic criteria [7]. The reduction in myocar-
dial uptake can be quantified by the Heart-to-Mediastinum
(H/M) mean count ratio on 1231-mIBG scintigraphy. Most
of the previous studies used the delayed (i.e., 3-4 hours after
the administration) H/M ratio [8], but the diagnostic value of
the early H/M ratio is often emphasized more and more
[9-12]. Early imaging alone could reduce the burden im-
posed by delayed imaging on the patient. In this prospective
study, we propose a basic methodology, to tune the thresh-
old for early H/M ratio obtaining a diagnostic accuracy anal-
ogous to the better-consolidated practice of delayed imaging
in PD patients.

2. MATERIAL AND METHODS

One hundred and eight patients (mean age 64.3+9.1
years) presenting Parkinsonism syndrome of recent onset
(Hoehn and Yahr < 1.5) were enrolled and submitted to
1231-mIBG scintigraphy. Exclusion criteria were diabetes
mellitus and history of coronary artery disease. Neurologists
performed the initial clinical evaluation after the onset of
symptoms (mean 1.12 + 0.78 years), with a difference, be-
tween first and follow-up visit, of the mean time of 3.32 +
1.98 years. The follow-up assessment included both semi-
structured interviews and neurological examinations, probed
motor system and cerebellar function, postural stability and
gait, clinical symptoms of autonomic nervous system func-
tion, cranial nerves, and sensation. A follow-up diagnosis of
PD was made according to both Gelb et al. [13] and Gilman
et al. diagnostic criteria [14]. Data analysis was then per-
formed after at least three years of follow-up. Patients clini-
cal characteristics are summarized in Table 1. The study pro-
tocol was approved by the local ethics committee and con-
ducted following the ethical standards laid down in the 1964
Declaration of Helsinki and its later amendments. Before the
infusion of 150-185 MBq of 123I-mIBG (AdreView, GE
Healthcare), a 5% Lugol solution was administered to block
the thyroid uptake. Planar images were acquired after 15 and
240 minutes (early and late phase, respectively) from the in-
jection, with a dual-head gamma camera (Infinia, GE Health-
care, Milwaukee, USA), using low-energy parallel-hole high
resolution (LEHR) collimator and energy window centered
at 159 KeV (x10% wide). Thorax anterior images were ac-
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quired for 10 min, with 128x128 matrix and zoom factor of
1. Immediately after the planar images, at 25 minutes and
250 minutes after injection, SPECT cardiac images were ac-
quired with the dual-headed gamma camera over 18° using a
90°-rotation, starting at 45° right-anterior oblique projection
and proceeding to the 45° left-posterior oblique projection.
A 64x64 matrix was used for the SPECT studies (zoom fac-
tor 1). We applied a step-and-shot technique (64 projections,
30 seconds of duration per frame in non-gated mode).

2.1. Image Analysis

On planar images, polygonal Region-of-Interests (Rols)
were drawn manually on the heart (including the left ventric-
ular cavity), whereas a 7x7 square ROI was placed on the up-
per half of the mediastinum (below the thyroid). ROIs were
duplicated from the late to early images assuming the thy-
roid image as a fiducial marker, and H/M ratios in both phas-
es (He/Me and HI/MI) were calculated as mean count per
pixel in myocardium divided by that in the mediastinum. Us-
ing Myovaton software implemented on a Xeleris Duo plat-
form (GE Healthcare), SPECT images were reoriented in
short, vertical long, and horizontal long heart axes after fil-
tered-back-projection (FBP) reconstruction. Heart images
were analyzed with a standard 17-segments model similarly
to the conventional methods used for myocardial perfusion
imaging. All 17 segments were scored using a 5-point scale
where myocardial 1231-mIBG uptake was expressed as a per-
centage of the maximum myocardial uptake. The reconstruc-
tion method is described elsewhere [15]. The defect scores
were calculated as the sum of the segmental scores and the
early and late summed scores (ESS and LSS, respectively)
were obtained.

2.2. Statistical Analysis

Correlation between He/Me and HI/MI was investigated
with the Spearman correlation coefficient and related test.
Differences between He/Me and HI/MI were investigated
through the Wilcoxon rank-sum test. Simple linear regres-
sion was used to assess calibration. The overall predictive
performance of He/Me, as well as ESS and LSS, was investi-
gated by Receiver Operating Characteristic (ROC) curve,
classifying, in the case of He/Me, tentatively patients having
an HI/MI lower than 1.6 as suffering from PD. The optimal
threshold was selected by maximizing the sum of sensitivity
and specificity (Youden index). The Youden index, defined
as (sensitivity + specificity) — 1, was calculated at each cut-
off point. The Threshold point which showed the highest
Youden index was considered the optimal cut-off value
[[16]]. Significance of AUC and confidence intervals were
computed via the bootstrap. All analyses have been conduct-
ed with R software version 3.1.2.

3. RESULTS

The H/M ratios calculated on the early and late images
did not show a normal distribution. The He/Me ranged from
1.2 to 2.2 (median 1.63), whereas the HI/MI from 1.0 to 2.44
(median 1.59). He/Me was not significantly different from
HI/MI (p-value=0.835). Similarly, The SS calculated on the
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Fig. (1). ROC curve of the He/Me and HI/MI ratio to detect the disease, calculated assaming-using different cut-off. (4 higher resolution /
colour version of this figure is available in the electronic copy of the article).
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Fig. (2). ROC curve of the ESS and LSS to detect the disease, calculated assuming-using different cut-off. (4 higher resolution / colour ver-
sion of this figure is available in the electronic copy of the article).

early and late images did not show a normal distribution. tive performance of planar and SPECT parameters, the ROC
The ESS ranged from 0 to 67 (median 19), whereas the LSS curves in (Fig. 1) (calculated assuming different cut-off)
from 2 to 68 (median 24). ESS was not significantly differ- highlights that He/Me is highly reliable as HI/MI, in fact,
ent from LSS (p-value=0.837). Analyzing the overall predic- ROC curve analysis showed an AUC of 0.972 + 0.037 (95%
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Table 2. Comparison of the area under the ROC curve (AUC) and optimal sensitivities and specificities of each parameter is shown

in the associated table.

Parameters AUC SE 95%CI1 Cutoff Sensitivity Specificity Accuracy
@ 2) 3) @ ) 6 ) ®)
He/Me 0.972 0.037 0.867-1.000 1.77 91.0% 95.0% 0.916
HI/M1 0.923 0.043 0.833-1.000 1.83 92.0% 90.0% 0.917
ESS 0.826 0.059 0.710-0.942 23 80.0% 68.2% 0.824
LSS 0.789 0.064 0.664-0.913 13 75.0% 73.0% 0.731

Columns show: (1) Parameters, (1) area under the curve (AUC), (3) Standard Error (SE), (4) Confidence Interval (CI) at 95% (5) optimal thresholds, (6) Sensitivity, (7) Specificity

and (8) diagnostic accuracy.

Table 3. Columns show: (1) Comparison methods, (2) Mean Dif-
ference Relative (MDR) between AUC and (3) p-value. The sta-
tistical significance is achieved when p < 0.05*.

Comparison Methods MDR (%) p-value
He/Me vs ESS 17.7 0.043*
He/Me vs LSS 232 0.018*
HI/MI vs ESS 12.3 0.185
HI/M1 vs LSS 17.0 0.083

He/Me vs HI/M1 53 0.392
ESS vs LSS 4.7 0.670

CI:0.867-1.000). With a He/Me threshold of 1.77, sensitivity
was 91.0% and specificity 95.0%, with a diagnostic accura-
cy of 91.6%. As regards, HI/MI, as a result, we have found
an AUC of 0.923 + 0.043 (95%CI: 0.833-1.000). With a
HI/MI threshold of 1.83, sensitivity was 92.0% and specifici-
ty 90.0%, with a diagnostic accuracy of 91.7%. As to the
ROC curves in (Fig. 2) highlights that ESS is reliable as
LSS, ROC curve analysis showed an AUC of 0.826 + 0.059
(95%CI: 0.710-0.942). With an ESS threshold of 23, sensi-
tivity was 80.0% and specificity 68.2%, with a diagnostic ac-
curacy of 82.4%. Finally, the AUC of LSS was 0.789 +
0.0634 (95%CI: 0.664-0.913). With an LSS threshold of 13,
sensitivity was 75.0% and specificity 73.0%, with a diagnos-
tic accuracy of 73.1%. We report the values, obtained with
the ROC curve analysis optimal thresholds in Table 2. Table
3 shows the Mean Relative Difference (MRD) for each
paired comparison of the methods. The MRD is defined as
(A1-A2)/A2 where Al is the AUC of the first method, while
A2 is the AUC of the referred to the second method. The
pair comparisons for which the AUC are statistically signifi-
cant (t-test on averages, a threshold on p-value <0.05) are
He/Me vs ESS and He/Me vs LSS.

4. DISCUSSION

The cardiac sympathetic function is frequently impaired
even in the early stages of PD, suggesting early involvement
of the cardiac sympathetic system [4, 17]. Moreover, the de-
generation of the distal axons of the cardiac sympathetic
nerve precedes loss of their mother neurons in the paraverte-
bral sympathetic ganglia [18]. 123I-mIBG imaging repre-
sents a validated tool for the assessment of cardiac sympa-
thetic innervation. However, there is still no universally ac-
cepted imaging protocol to conduct examinations. Various
authors show methodological variability that involves inject-
ed activities (111 to 370 MBgq), acquisition matrices

(128x128 or 256x256 pixels), collimators (low energy or
medium energy) [19, 20] and also the timing, that varied
from 15 to 30 min for early imaging and 3 to 4 h for delayed
phase of the study [21, 22]. Even the identification of accept-
ed threshold values for H/M ratio on planar imaging to dif-
ferentiate between normal and pathological subjects still rep-
resents an unresolved issue [23]. Recent studies on the DLB
reported optimal thresholds of 2.0-2.2 for He/Me, and 2.27
for HI/MI as physiological ratio [11, 12]. Previous work on
the PD reported 1.92 and 1.68 for He/Me and HI/MI [9], re-
spectively, evidencing a slight difference between the two
threshold values, and confirming that cardiac uptake is ab-
normal specifically in PD, as reported also elsewhere [4]. In
this work, a cut-off value of 1.6 for HI/MI was tentatively as-
sumed, coherently with studies on heart failure [24], result-
ing in a cut-off of 1.66 for He/Me. This threshold value, ob-
tained using LEHR collimator, can be assumed equal to 2.98
according to Verschure et al [25]. Therefore, He/Me optimal
threshold would be slightly higher than that of HI/MI. Since
the information on the clinical use of the 123I-mIBG is still
not satisfactory, especially from the point of view of the car-
diac tomographic image, it was decided to acquire the
SPECT images of these patients. However, the results ob-
tained are not encouraging, in fact the diagnostic accuracy
of the planar images is even higher. Furthermore, even the
early SPECT images do not have a good diagnostic accuracy
compared to the delayed ones. It has therefore been shown
that the SPECT approach to date seems not only useless but
also expensive in terms of time spent for the patient. In our
opinion, the most important result of this study is represent-
ed by the ability of early imaging to provide results equiva-
lent to those of late images, from a diagnostic point of view.
It may lead to the shortening of imaging protocols in PD pa-
tients while maintaining the accuracy and precision of pla-
nar 1231-mIBG imaging parameters. In fact, as compared
with the standardized late acquisition (240 min), the early ac-
quisition is equivalent. Our results indicate the potential role
of early imaging alone, without the need to wait for the 3-4
hours required for late acquisitions. It, in principle, may pro-
duce logistic advantages of Nuclear Medicine centers con-
cerning PD patients [25]. The significant reduction in execu-
tion times can make this examination much easier for pa-
tients who often have reduced compliance. These considera-
tions could make 1231-mIBG scan a diagnostic method of
great efficacy and reliability easily applicable in often frag-
ile patients. This approach could also be suitable for other
types of patients with other indications, for example those
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with heart failure or in general with cardiovascular disease.
A limitation of the study is represented by the limited num-
ber of patients enrolled, and of course, it does not allow us
to state conclusive considerations. These suggestions need
to be validated through a large sample size. However, the
possibility to simplify the diagnostic procedure deserves con-
sideration and appears worthy of further, larger studies. A se-
cond limitation of the study is that of having to consider
that, although this approach can be used for all patients in
whom there is a suspicion of PD, some functional and / or
pathological movement disorders could determine false posi-
tive results. This study demonstrates the possibility to tune
effectively the He/Me threshold, basing on the most frequent-
ly used methodology of the delayed 1231-mIBG imaging, re-
ducing sensibly the burden imposed by delayed imaging,
while preserving diagnostic accuracy and allowing time and
economic saving. The importance of early cardiac images is
also reflected in patients, as through their analysis a differen-
tial diagnosis can be made in Parkinson's disease in just 25
minutes against the 4 hours now employed and revolutioniz-
ing a system in terms of lowering costs of the healthcare sys-
tem and improving compliance of the patient.

CONCLUSIONS

The He/Me Ratio is almost as accurate as the widely
used delayed 1231-mIBG imaging. This can reduce the bur-
den of delayed imaging while preserving the diagnostic accu-
racy of the method. The importance of early cardiac images
is also reflected in patients, as through their analysis a differ-
ential diagnosis can be made in Parkinson's disease in just
25 minutes against the 4 hours currently needed, lowering
costs of the healthcare system and improving compliance of
the patient.
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LIST OF ABBREVIATIONS
PD = Parkinson's Disease
1231-mIBG = lodine-123-Metaiodobenzylguanidine
H/M = Heart-to-Mediastinum
He/Me = Early HM
HI/MI = Late H/M
DLB = Dementia with Lewy bodies
Rols = Region-of-Interests
FBP = Filtered-back-projection
ESS and LSS = Early and late summed scores
ROC = Receiver Operating Characteristic
MRD = Mean Relative Difference
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