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1. INTRODUCTION

Abstract: Background: The use of '>*I-mIBG has been approved for decades for Parkinson’s disease
(PD) diagnosis and as a predictor of mortality and potentially fatal events in patients with Heart Failure
(HF). The standardized technique includes an early acquisition (15 minutes from injection), and a late
acquisition (240 minutes). Early images mainly represent interstitial uptake, whereas delayed images
represent actual neuronal uptake, however, it is reasonable to affirm that different pathological situa-
tions, such as PD and HF, imply a different meaning for early and late imaging.

Objective: This prospective study aims to investigate the clinical usefulness of an immediate planar
BL.mIBG image acquisition (5 minutes) both in patients with PD and in patients with HF.

Methods: 115 patients referred to '>*I-mIBG cardiac imaging in Nuclear Medicine Center have been
enrolled (60 patients with PD, absence of diabetes and/or cardiologic pathology, Hoehn e Yahr classifi-
cation < 1.5; 55 patients with cardiomyopathy, diagnosis of HF, NYHA class I-1II). '**I-mIBG planar
anterior thoracic acquisitions were performed after 5 (immediate), 15 (early) and 240 (late) minutes
from injection and H/M ratios were calculated.

Results: In PD group H/M mean values resulted in 1.58+0.22 for immediate (5 min), 1.61+£0.26 for
early (15 min) and 1.59+0.37 for late (240 min) acquisitions. In the HF group, H/M mean values re-
sulted in 1.63+£0.24 for immediate (5 min), 1.654+0.22 for early (15 min) and 1.57+0.17 for late (240
min) acquisitions, respectively. H/M values obtained at 5 min and 15 min are provided similar results,
with no statistical difference (p = ns) regardless of the pathology examined (PD or HF groups). The
statistical analyses validated the diagnostic role of immediate acquisition (5 min) and early acquisition
(15 min) in PD group as compared to the standardized late acquisition (240 min). On the contrary, in
HF group, immediate and early acquisition, as compared to late acquisition (240 min), is not validated
as a major cardiac events predictor.

Conclusion: Our results indicate the potential role of immediate (5 min) or early (15 min) acquisition
in replacement of standardized 240 minutes acquisition in PD patients, but this result is not confirmed
in HF patients, in which the acquisition at 240 min is confirmed as the most affordable timing for im-
age interpretation, emphasizing the different pathophysiology that underlies these two pathologies.

I-mIBG imaging, Parkinson’s disease, heart failure, cardiac sympathetic activity, acquisition technique, acquisi-

The cardiac sympathetic activity can non-invasively be
assessed with meta-iodobenzylguanidine ('*’I-mIBG) using
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both planar and SPECT techniques [1-3]. '*I-mIBG is a radio-
labeled norepinephrine (NE) analog and accumulates in the
Presynaptic myocardial sympathetic nerve endings. The use of
S1-mIBG has been approved for decades for Parkinson’s dis-
ease (PD) [4] and, more recently after ADMIRE-HF trial’s
publication [5], for dilated cardiomyopathy [6] in patients with
chronic heart failure (HF) [7]. Even if the '*I-mIBG imaging
includes both planar and SPECT imaging, the former tech-
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nique results are widely standardized. Moreover, quantified
myocardial 1231-mIBG parameters have proved to be of diag-
nostic value in PD and prognostic value in HF, reporting
worse prognosis in impaired myocardial BLmIBG parameters
(i.e., reduced late heart to-mediastinum (H/M) ratio and in-
creased '“I-mIBG myocardial washout (WO)) [5, 8]. The late
H/M < 1.6 is assumed as the gold standard both for assessing
the diagnosis of PD and predicting a major risk of arrhythmia
in patients with HF [9]. During years, the possible diagnos-
tic/prognostic value of early H/M has been studied because of
its possible role in receptor physiopathology. The standardized
technique of early H/M establishes the image acquisition after
15 minutes from radiolabeled-compound injection [10]. It is a
general opinion that early images mainly represent interstitial
uptake, whereas the delayed images represent actual neuronal
uptake. Several previous papers focused on the best timing of
the early acquisition, by observing 3-minute and delayed heart
uptake ratios calculated from dynamic and static studies [11,
12]. The study of the impact of acquisition time on the early
H/M may improve receptor physiopathology knowledge and,
on the other hand, may help in the logistic organization of
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Nuclear Medicine center. Our prospective study aims to focus
on variation in acquisition time between the standardized early
acquisition at 15 minutes and an immediate acquisition at 5
minutes from the injection, both in patients with PD and in
patients with HF.

2. MATERIALS AND METHODS

From 2015 to 2017, 115 patients consecutively referred
to 'PI-mIBG cardiac imaging in Nuclear Medicine Center
have been enrolled in this prospective study. Of 115, 60 pa-
tients were suspected of Parkinson’s disease, whereas 55
patients presented dilated cardiomyopathy and HF. In all
patients, in concordance with specific guidelines, an optimal
treatment was administrated from both neurologic and cardi-
ologic teams of our center for the entire period of the study.
The study complied with the Declaration of Helsinki and was
approved by the Local Ethics Committee, moreover written
informed consent was obtained from all patients. The charac-
teristics of the population have been described in Table 1 for
PD group and Table 2 for HF group.

Table 1. Patient Characteristics in PD group.
Total Group
(n=60)
Age (years); mean (SD) 64.8 (8.7)
Sex (male) 50%; n=30
Height (cm); mean (SD) 166.6 (8.5)
Weight (Kg); mean (SD) 70.9 (11.7)
Cardiovascular risk factors
Diabetes mellitus none
Obesity, BMI>30(kg/m2) 25%; n=15
Hypercholesterolemia 15% n=9
Hypertension 18.3%n=11
Smoker 33.3%; n=20
Medication
ACE/AT-II inhibitor 6.7%; n=4
Beta-blockers none
Calcium antagonist 1.7%; n=1
Lipid-lowering agents 13.3%; n=8
Antiplatelet/oral anticoagulant therapy 10.0%; n=6
Diuretics 8.3%; n=5
Oral antidiabetics none
Insulin none
Nitrates none
Hoehn e Yahr class
1 58.3%; n=35
1.5 41.7%; n=25

ACE angiotensin-converting enzyme, At-II angiotensin II, BMI body mass index.
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Table2. Patient Characteristics in HF group.
Total Group
(n=55)

Age (years); mean (SD) 64.5(9.7)

Sex (male) 85%; n=47

Height (cm); mean (SD) 171.3 (6.7)

Weight (Kg); mean (SD) 78.1 (15.5)

Cardiovascular risk factors

Diabetes mellitus 9.1%; n=5
Obesity, BMI>30(kg/m2) 20.0%; n=11
Hypercholesterolemia 27.3%; n=15
Hypertension 27.3%; n=15
Smoker 25.5%; n=14

Ejection fraction (mean%)

29 (11-45 IQR)

Coronary artery disease * 47.3%; n=26
Medication
ACE/AT-II inhibitor 65.5%; n=36
Beta-blockers 63.6%; n=35
Calcium antagonist 10.9%; n=6
Lipid-lowering agents 70.9%; n=39
Antiplatelet/oral anticoagulant therapy 83.6%; n=46
Diuretics 67.3%; n=37
Oral antidiabetics 9.1%; n=5
Insulin 1.8%; n=1
Nitrates 12.7%; n=7
NYHA class
I 27.3%; n=15
I 52.7%; n=29
111 20.0%; n=11

ACE angiotensin-converting enzyme, At-II angiotensin II, BMI body mass index, IQR interquartile range, NYAH New York Heart Association.

2.1. PD Group Patients

In the PD group, the inclusion criteria were the absence of
diabetes and/or cardiologic pathology, Hoehn e Yahr classifi-
cation < 1.5. The initial clinical evaluation was performed
after the onset of symptoms (mean 3.12 + 4.08 years) by neu-
rologists, with a difference, between first and follow-up visits,
of the meantime of 3.18 + 2.03 years. The follow-up assess-
ment included both semi-structured interviews and neurologi-
cal examinations, probed motor system and cerebellar func-
tion, postural stability and gait, clinical symptoms of auto-
nomic nervous system function, 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].

2.2. HF Group Patients

Consecutive patients in the HF group were part of a study
whose results have already been published, in which early
and late H/M ratios have been evaluated as arrhythmic event
(AE) predictors [7]. The primary endpoint of the study was
an AE: sustained ventricular tachycardia, resuscitated cardiac
arrest, appropriate ICD therapy or SCD. The secondary end-
point was appropriate ICD therapy. Inclusion criteria were
New York Heart Association functional class I-III; LVEF
less than 35%; indication for an ICD implantation (primary
or secondary prevention); expected survival more thanl
years. Exclusion criteria were previous ICD implantation;
cardiac resynchronization therapy (CRT) indication; cancer
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history; severe valvulopathy; recent acute coronary syn-
drome (<3 months); contraindication to ICD implantation.

2.3.1231-mIBG Data Acquisition

After thyroid blockade with the administration of 5%
Lugol solution, 150-185 MBq of '*I-mIBG (AdreView, GE
Healthcare, USA) was administrated to each patient as an
intravenous bolus, resulting in an effective dose of 2.5 to 3.3
mSv. Therefore, '>I-mIBG planar static anterior thoracic
acquisitions were performed in the supine position after 5
(immediate), 15 (early) and 240 (late) minutes from the in-
jection. Images were acquired for 10 minutes with a zoom
factor of 1, stored in a 128 x 128 matrix, with a dual-head
gamma camera (Infinia, GE Healthcare, Milwaukee, USA)
using a low energy parallel-hole high-resolution collimator
(LEHR). Immediately, after the planar images at 15 and 240
minutes, and at 25 minutes and 250 minutes after injection,
SPECT cardiac images were acquired with the dual-headed
gamma camera over 180° using a 90°-rotation, starting at
45° right-anterior oblique projection and proceeding to the
45° left-posterior oblique projection. A 64 x 64 matrix was
used for the SPECT studies (zoom factor 1) with the applica-
tion of step-and-shoot technique (64 projections, 30 seconds
of duration per frame in non-gated mode), as described in a
previous work of our group [15]. For both planar and
SPECT, the energy window was symmetrically centered to +
10% of the 159-KeV 1231 photopeak. For the inter-observer
analysis, three observers with different degrees of expertise
in nuclear cardiolo;% techniques independently reviewed all
planar and SPECT '*’I-mIBG images, both in PD and in HF
groups.

2.4. Planar '*I-mIBG Scintigraphy Analysis

Planar '*I-mIBG images were analyzed to obtain semi-

quantitative parameters of tracer distribution. A manually
polygonal region of interest (ROI) was drawn on the planar
images over the heart, around the epicardial border and the
valve plane. The ROI includes the left ventricular cavity (H),
while the lung and liver were excluded from the ROI. A sec-
ond square ROI of 7 x 7 pixel was placed on the upper half
of the mediastinum (M). H/M ratios were calculated as mean
counts per pixel in the myocardial ROI divided by the mean
counts per pixel in the mediastinal ROI [16] at 5 minutes
(immediate H/M ratio), 15 minutes (early H/M ratio) and
240 minutes (late H/M ratio).

2.5. Statistical Analysis

Data are expressed as mean (+ Standard Deviation). The
outcome has been analyzed using mixed linear regression
models, with H/M ratio as response variable, timing as pre-
dictor, and a patient-specific random intercept. Since multi-
ple measurements (at different time points) have been ob-
served from the same subject, we need to consider depend-
ence emerged from this. Commonly, when only two repeated
measurements are available and no other covariates are con-
sidered, one would use a paired T-test. In our analyses, we
have three-time points and possibly other covariates, hence
we must use a mixed model [17], which can be seen as a
generalization of paired T-test to our context. In mixed mod-
els, dependence is taken into account through the random
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intercept as described above. Analyses were repeated in each
subgroup, after pooling the subgroups, and also including
other covariates (including group indicators and interactions
thereof at the pooled analysis stage). Differences among time
points have been evaluated by using timing as a predictor
and evaluating Wald test statistics and Wald confidence in-
tervals. A p-value of < 0.05 has been considered as statisti-
cally significant. All analyses have been conducted with R
3.4.0.

3. RESULTS

345 series of '*’I-mIBG images were analyzed. The HM
values of all patients were reported in Table 3. In PD group
H/M mean values resulted in 1.58+0.22 for immediate (5
min), 1.61+£0.26 for early (15 min) and 1.59+0.37 for late
(240 min) acquisitions. In the HF group, H/M mean values
resulted in 1.63+0.24 for immediate (5 min), 1.65+0.22 for
early (15 min) and 1.57+0.17 for late (240 min) acquisitions,
respectively. In the present study, the H/M values obtained at
5 min and 15 min provide similar results, with no statistical
difference (p = ns) regardless of the pathology examined (PD
or HF groups). In the PD group in fact, H/M values in im-
mediate acquisition (5 min) and late acquisition (240 min) as
compared to the early acquisition (15 min) showed 95%
Confidence Interval of tiSmin (-0.075, 0.015) and ti240min
(-0.067, 0.023) (p=ns). Similarly, in HF group, the H/M
value in immediate acquisition (5 min) and late acquisition
(240 min), as compared to early acquisition (15 min),
showed 95% Confidence Interval of tiSmin (-0.072, 0.037)
and ti240min (-0.129, -0.020) (p=ns).

By considering the clinical value of early imaging (5 or
15 min after injection), in the PD group, the statistical analy-
ses validated the diagnostic role of H/M in immediate acqui-
sition (5 min) and early acquisition (15 min) as compared to
the standardized late acquisition (240 min) with 95% Confi-
dence Interval of tiSmin (-0.053, 0.037) and til 5min (-0.023,
0.067) (p=ns). Contrarily, in HF group, the H/M value in
immediate acquisition (5 min) and early acquisition (15
min), as compared to late acquisition (240 min), with 95%
Confidence Interval of tiSmin (0.003, 0.112) and tilSmin
(0.020, 0.129) (p<0.05) and, therefore, resulted in not statis-
tically validated in its usefulness as a “self-sufficient” diag-
nostic tool.

4. DISCUSSION

'"Z1.mIBG imaging can visualize cardiac sympathetic in-

nervation by providing (semi-) quantitative information on
the myocardial sympathetic activity and, even if the '*'I-
mIBG imaging includes both planar imaging and SPECT
imaging, the planar imaging technique results are widely
standardized [18]. The standardized technique of H/M estab-
lishes the image acquisition after 15 and 240 minutes from
radiolabeled-compound injection [10]. Nevertheless, a
shorter time interval between the injection of '*’I-mIBG and
the late scan reduces waiting time and may facilitate clinical
use. However, only a few studies have investigated the im-
pact of variation in acquisition time after '*’I-mIBG admini-
stration on the H/M [10]. Several previous papers focused on
the best timing of the late acquisition, while a minority of
paper focused on the best timing of the early acquisition.
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Table3. HM values of PD and HF patients groups.
Patient# 5 min 15 min 240 min
PD patients
1 1.41 1.36 1.20
2 1.31 1.41 1.19
3 1.32 1.32 1.27
4 1.88 1.68 2.45
5 2.17 2.06 2.15
6 1.61 1.43 1.42
7 1.31 1.44 1.09
8 1.39 1.36 1.24
9 1.41 1.33 1.52
10 1.84 1.80 1.87
11 2.15 1.99 2.13
12 1.44 1.54 1.14
13 1.76 1.69 1.77
14 1.75 1.72 1.97
15 1.54 1.47 1.59
16 1.68 1.67 1.80
17 1.82 1.74 1.85
18 1.68 1.64 1.62
19 1.66 1.55 1.59
20 2.00 2.08 1.74
21 1.83 1.80 1.96
22 1.11 1.17 1.04
23 2.00 1.69 1.63
24 1.77 1.75 1.82
25 1.85 1.79 2.25
26 1.34 1.29 1.34
27 1.96 1.82 2.05
28 1.69 1.70 1.45
29 1.93 1.88 1.87
30 1.69 1.73 1.91
31 1.83 1.76 2.21
32 1.77 1.64 1.96
33 1.80 1.60 1.82
34 1.63 1.63 1.48

Table (3) contd....



6 Current Radiopharmaceuticals, 2020, Vol. 13, No. 00

Frantellizzi et al.

Patient# 5 min 15 min 240 min
35 1.69 1.71 1.76
36 1.22 1.24 1.04
37 1.83 1.81 1.99
38 1.26 1.13 1.27
39 1.57 1.52 1.38
40 1.15 1.26 1.13
41 1.68 1.61 1.54
42 1.64 1.65 1.71
43 1.87 1.72 1.93
44 1.95 1.88 2.03
45 1.84 1.84 2.34
46 1.52 1.56 1.21
47 1.50 1.53 1.26
48 1.63 1.66 1.48
49 1.48 1.56 1.31
50 1.43 1.39 1.20
51 1.26 1.21 1.11
52 1.26 1.44 1.46
53 1.43 1.48 1.29
54 1.38 1.43 1.22
55 1.29 1.29 1.27
56 1.95 1.87 1.94
57 1.28 1.27 1.12
58 1.54 1.48 1.52
59 1.63 1.68 1.46
60 1.15 1.17 1.03

HF patients
1 1.35 1.37 1.20
2 1.49 1.47 1.50
3 1.64 1.36 1.44
4 1.39 1.38 1.27
5 1.62 1.61 1.62
6 0.92 0.93 1.84
7 2.30 1.91 1.87
8 1.83 1.71 1.84
9 1.39 1.64 1.44

Table (3) contd....
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Patient# 5 min 15 min 240 min
10 1.48 1.53 1.56
11 1.71 1.56 1.75
12 1.89 1.79 1.84
13 1.57 1.56 1.40
14 1.93 1.85 1.87
15 1.75 1.80 1.55
16 1.35 1.44 1.14
17 1.82 1.76 1.54
18 1.72 0.62 1.67
19 1.68 1.64 1.64
20 1.62 1.57 1.42
21 1.76 1.71 1.63
22 2.01 2.25 1.78
23 1.62 1.68 1.44
24 1.55 1.64 1.55
25 1.94 1.86 1.61
26 1.45 1.47 1.39
27 1.79 1.74 1.81
28 1.80 1.79 1.55
29 1.60 1.76 1.71
30 1.27 1.65 1.46
31 1.90 1.94 1.62
32 1.72 1.73 1.62
33 1.70 1.68 1.52
34 1.66 1.68 1.43
35 1.42 1.41 1.39
36 1.88 1.75 1.74
37 2.00 1.93 1.85
38 1.75 1.78 1.56
39 1.58 1.70 1.46
40 1.82 1.99 1.79
41 1.63 1.84 1.63
42 1.67 1.72 1.63
43 1.40 1.35 1.46
44 1.70 1.66 1.50
45 1.74 1.69 1.66

Table (3) contd....
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Patient# 5 min 15 min 240 min
46 1.56 1.59 1.62
47 1.33 1.35 1.29
48 1.71 1.73 1.71
49 1.60 1.52 1.62
50 1.41 1.43 1.25
51 1.83 1.79 1.79
52 1.63 1.60 1.51
53 1.51 1.51 1.47
54 1.70 1.71 1.72
55 1.70 1.68 1.49

Three-minute delayed heart uptake ratios calculated from
dynamic and static studies may help elucidate the uptake at
non-vesicular sites, which reflect the severity of sympathetic
nervous system abnormalities in the heart [11, 12, 19]. Nev-
ertheless, as compared to our paper, these studies used rat
models or smaller samples and, furthermore, focused only on
the HF population. Moreover, previous work suggests that
the washout rate of '>’I-mIBG in the early phase from 4 min
to 30 min reflects cardiac sympathetic nervous integrity and
is useful to evaluate the severity and prognosis of patients
with cardiomyopathy [20, 21]. Nevertheless, to date, we
cannot find papers concerning a different timing of early
acquisition in PD. Therefore, the aim of this study was to
investigate whether performing scan immediate post-
injection has a relevant impact on the diagnostic and prog-
nostic value of '*I-mIBG imaging both in patients with PD
and in patients with HF. Our findings in PD group, due to
immediate (Smin) and early (15 min) planar acquisition
through statistical validation, may lead to a shortening of
imaging protocols in PD group, while maintaining the accu-
racy and precision of estimated physiologic parameters in
planar '"*I-mIBG imaging. In fact, as compared with the
standardized late acquisition (240 min), both the immediate
acquisition and the early acquisition are equivalent. Our re-
sults indicate the potential role of immediate (5 min) acquisi-
tion in replacement of the standardized 240 minutes acquisi-
tion, that may produce logistic advantages of Nuclear Medi-
cine centers concerning PD patients. A significant reduction
in the execution times can make this examination much eas-
ier for patients who often have reduced compliance.

Nevertheless, in HF group neither immediate (5 min) or
early (15min) planar acquisition results validated as com-
pared to late (240 min) acquisition. Therefore, in HF group,
our data may lead to less strict protocols regarding the early
(15 min) acquisition that may be replaced by an immediate
(5 min) acquisition. But, necessarily, the early acquisition
should be followed by a late (240 min) acquisition.

On the contrary, in PD group, considering both the
physiopathology of PD and the absence of cardiovascular
pathology in inclusion criteria that may cause sympathetic

nervous system abnormalities, a positive scan on 5 minutes
acquisition may be enough to maintain the accuracy and pre-
cision of 'PI-mIBG imaging, leading to a certain diagnosis
of PD, avoiding the late acquisition. These differences be-
tween PD and HF may be partially explained by a different
physiopathology. PD affects sympathetic nerves as well as
parasympathetic fibers in the heart and sympathetic postgan-
glionic fibers are markedly lost in the myocardium of pa-
tients with PD, denervation precedes the neuronal loss in the
sympathetic ganglion and the extent reflects pathological
changes in sympathetic ganglion cells [22]. Therefore, the
denervation of the cardiac sympathetic nerve has been
proven by P1mIBG imaging [23]. In patients with HF, acti-
vation of the adrenergic nervous system is one of the impor-
tant physiological responses elicited to compensate for de-
pressed myocardial function and "P1.mIBG shares many
cellular transport properties with norepinephrine at the low
concentrations used in clinical practice, and it is mainly
taken up by adrenergic nerves at the presynaptic site [24]. In
PD, the early H/M ratio depends on uptake-1 function at the
sympathetic nerve ending [25] and the early H/M is ex-
tremely reduced in patients with systemic disorders. On the
other hand, the '*I-mIBG washout, which is influenced by
the re-uptake rate and sympathetic turn-over rate as deter-
mined by sympathetic activity [26], is reported to be en-
hanced in HF. Contrarily to PD, in HF patients the '*'I-
mIBG uptake reduction is mainly caused by accelerated
sympathetic nerve activity rather than a dysfunction of up-
take-1 because sufficient early H/M is maintained.

A limitation of this study is the lack of analyzing the role
of SPECT images. Unfortunately, the need to compare H/M
at 5 and 15 minutes does not allow to obtain SPECT imaging
at 5 minutes.

CONCLUSION

If confirmed by further multicenter trials and bigger
samples, a single immediate (5 min) acquisition may lead to
shorter protocols at '*I-mIBG imaging in PD group, with
subsequent further advantages in logistics and costs fields
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and improved patient comfort. The late acquisition (240 min)
is confirmed to be mandatory in HF.
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