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Abstract: Background/Objectives: 123Iodo-metaiodobenzylguanidine single photon emis-
sion computed tomography/computed tomography (123I-MIBG SPECT/CT) is used to eval-
uate the cardiac sympathetic nervous system in cardiac diseases such as arrhythmogenic
right ventricular cardiomyopathy (ARVC) and α-synucleinopathies such as Parkinson’s
diseases. A common feature of these diseases is denervation. We aimed to compare quan-
titative and semi-quantitative cardiac sympathetic innervation using 123I-MIBG imaging
of ARVC and α-synucleinopathies. Methods: Cardiac innervation was assessed using
123I-MIBG SPECT/CT in 20 patients diagnosed with definite ARVC and 8 patients with
clinically diagnosed α-synucleinopathies. Heart-to-mediastinum-ratio (H/M-ratio), as
semi-quantitative, was evaluated. Additionally, standardized uptake value (SUV), as quan-
titative, was measured as SUVmedian, SUVmax, and SUVpeak in the left ventricle (LV), the
right ventricle (RV), and in the global heart, based on a CT scan following quantitative
image reconstruction. Results: The quantification of 123I-MIBG uptake in the LV, the RV,
and the global heart was feasible in patients suffering from α-synucleinopathies. SUVmedian,
and SUVpeak demonstrated a significant difference between ARVC and α-synucleinopathies
across all regions, with the α-synucleinopathy group showing a lower uptake. In addition,
the H/M ratio showed significantly lower uptake in patients with α-synucleinopathies
than in patients with ARVC. Conclusions: Patients with α-synucleinopathies demonstrate
significantly lower cardiac innervation in semi-quantitative and quantitative examinations
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than ARVC patients. The comparison of semi-quantitative and quantitative examinations
suggests that quantitative examination offers an advantage. Quantitative analysis can
be performed separately for the LV, RV, and global heart. However, analyzing the LV or
RV does not provide additional benefit over analyzing the global heart in distinguishing
between α-synucleinopathies and ARVC. Considering the different clinical manifestations
of these two diseases, the absolute SUV values should not be generalized across different
pathologies, and disease-specific ranges should be used instead.

Keywords: ARVC; α-synucleinopathies; 123I-MIBG; SUV; heart; RV

1. Introduction
Several methods are available in nuclear medicine to investigate pathophysiologi-

cal cardiac processes: myocardial perfusion imaging, myocardial fatty acid metabolism
imaging, myocardial inflammation imaging, cardiac radionuclide angiography, and my-
ocardial sympathetic nerve imaging [1]. The tracer 123I-MIBG is used to assess and visualize
the activity of the sympathetic innervation in the heart. For decades, cardiac 123I-MIBG
SPECT/CT examined various diseases [2,3].

Among these diseases, arrhythmogenic right ventricular cardiomyopathy (ARVC), a
primary cardiomyopathy, leads to adverse right ventricle (RV) remodeling. This is triggered
by the fibrofatty replacement of the myocardium [4]. As the disease progresses, the left
ventricle (LV) is affected in three-quarters of patients [5,6]. Severe cardiac arrhythmias
are one of the symptoms of ARVC and are attributed, among other things, to the loss of
the sympathetic nervous system in the heart [7–9]. In 123I-MIBG scintigraphy, patients
suffering from ARVC showed a lower uptake, especially in the RV [10,11].

Interestingly, the concept of neuronal degeneration is evident in other diseases, such
as Parkinson’s disease (PD) and dementia with Lewy bodies (DLB). In addition to motor
symptoms, PD also presents non-motor symptoms. One such non-motor appearance is
autonomic dysfunction [12]. This occurs due to the impairment of the sympathetic nervous
system, which can be evaluated by cardiac 123I-MIBG scintigraphy [13,14]. The DLB is
reported to have sympathetic denervation, which can also be assessed with 123I-MIBG
scintigraphy [14,15]. The cardiac 123I-MIBG-uptake in patients with DLB correlates with
the degree of sympathetic denervation [16].

According to the biological definitions of PD and DLB, both involve α-synuclein
pathology. Thus, they may be collectively considered α-synucleinopathies [17,18].

Previous studies detected the 123I-MIBG uptake as a ratio between cardiac and
mediastinal uptake (heart-to-mediastinum-ratio, H/M-ratio), a semi-quantitative anal-
ysis [11,13,16]. For patients suffering from ARVC, an H/M ratio below 1.6 is reported as
critical [11,19]. An H/M ratio below 1.77 in neurological patients is considered conspicuous
for α-synucleinopathies [20]. Previous studies depicted the feasibility of standardized up-
take value (SUV) as a quantitative parameter for SPECT/CT imaging [21–23] and examined
the SUV of the LV and the RV in patients suffering from ARVC [24].

However, no head-to-head 123I-MIBG uptake analysis of the common pathophysiolog-
ical process of denervation comparing different cardiac and neurologic diseases has been
published yet. Therefore, this research project aimed to gain insight into cardiac 123I-MIBG
imaging comparing cardiac and α-synucleinopathy patients sharing the pathophysiological
mechanism of denervation.

We aimed to focus on the following aspects:
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(I) Is it feasible to examine the RV and LV in 123I-MIBG SPECT of patients suffering
from α-synucleinopathies to determine quantitative cardiac innervation (SUV)?

(II) We compared quantitative cardiac innervation (SUV) of patients with α-
synucleinopathies with patients with definite ARVC.

(III) We compared semi-quantitative cardiac innervation (H/M-ratio) of patients with
α-synucleinopathies and definite ARVC.

2. Materials and Methods
2.1. Study Cohort

We retrospectively analyzed patients who underwent cardiac 123I-MIBG scintigraphy
from 2010 to 2022 at the Department of Nuclear Medicine, LMU University Hospital, LMU
Munich, diagnosed with α-synucleinopathies or with definite ARVC. Diagnoses were
obtained from the patients’ files of the Department of Neurology, LMU University Hospital,
LMU Munich, and the Department of Cardiology, LMU University Hospital, LMU Munich.

Patients undergo clinical examination before and after the 123I-MIBG SPECT imaging.
PD is diagnosed according to the Movement Disorder Society Clinical Diagnostic Criteria
for Parkinson’s disease. The primary symptom is parkinsonism, defined as bradykinesia
combined with rigidity or rest tremor, often accompanied by non-motor symptoms. In the
second step, the underlying cause of parkinsonism is determined. Additional investigations
are conducted to diagnose α-synucleinopathies [17,18,25]. The diagnosis of definite ARVC
is made according to the modified task force criteria. They are divided into major and
minor categories, including findings from echocardiography, magnetic resonance imaging
(MRI), histology electrocardiography, and patient history [26].

Details on arrhythmias and initial diagnosis were gathered from the implantable
cardioverter defibrillators (ICD) examinations and patient records. Arrhythmia was char-
acterized by the occurrence of ICD intervention (e.g., antitachycardia pacing therapy,
cardioversion, or defibrillation).

The local ethics committee has secured approval for this study (project number 22-0328).

2.2. SPECT/CT Imaging

Image acquisition was executed following a standardized protocol [11]. An average
123I-MIBG activity of 345.08 ± 79.27 MBq for definite ARVC patients and 194.91 ± 8.29 MBq
for patients with α-synucleinopathies was applied. SPECT/CT was acquired using a low-
energy, high-resolution collimator. For definite ARVC patients, the parameters were a
64 × 64 matrix, pixel spacing of 6.59, an energy window of 159 keV, a width of 15%, a zoom
factor of 1.46, and a scan arc of 90◦. The type of motion was step and shoot, with a frame
duration of 30 s, and number of frames was 32. For patients with α-synucleinopathies, the
parameters were a 128 × 128 matrix, pixel spacing of 4.42, an energy window of 159 keV, a
width of 15%, a zoom factor of 1, and a scan arc of 180◦. The type of motion was step and
shoot, with a frame duration of 45 s, and number of frames was 32. In addition, a low-dose
CT scan (130 kV, 20 mAs) was conducted. Image acquisition was performed 4 h after the
tracer injection. All scans were performed with a Symbia TruePoint SPECT/CT scanner
(Siemens Healthineers, Erlangen, Germany).

2.3. Image Analysis and Interpretation

Image reconstruction was executed using Hermia HybridRecon Software (Hermes
Medical Solutions, Stockholm, Sweden, Version 4.0.6). The H/M ratio was measured as
previously described [11].

The following analysis was performed using PCARD (PMOD Technologies LL, Fälland,
Switzerland, Version 4.204). Using the SUV image calculation tool, image settings were
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changed to SUV by entering the injected dose of 123I-MIBG, time of application, height, and
weight of the patient. The liver was used as the point of orientation for the fusion of SPECT
and CT images.

Afterward, the images were reconstructed manually using the CT images, resulting
in images of vertical long-axis (VLA), horizontal long-axis (HLA), and short-axis (SA). A
volume of interest (VOI) was drawn across all heart slices in CT images. To determine the
LV margin, the septum was detected in the CT and 123I-MIBG images, and the septum
was assigned to the LV. The myocardium and the cavity were included. The result of VOIs
of the global heart (heart), LV, and the RV is shown in Figure 1. SUVmedian, SUVmax, and
SUVpeak were determined in these VOIs. SUVmedian was defined as the median value of
the VOI pixel values, SUVmax was defined as the maximum pixel value, and SUVpeak was
defined as an average of 1 mL placed in the VOI such that the average is maximized.
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Figure 1. Image processing. The figure presents a patient with neurodegenerative disease.

2.4. Statistical Analysis

For statistical analysis, RStudio (Version 2023.06.0+421) was utilized. Categorical or
binary variables were expressed in absolute and relative frequencies. Metric variables were
presented with their mean and standard deviation (SD). The data were tested for normal
distribution using the Kolmogorov–Smirnov test. A t-test was performed to compare the
two disease groups. Cohens’ d, receiver operating characteristic (ROC) curves, the area
under the curve (AUC), and the DeLong test were used to compare the two methods. The
Pearson correlation coefficient and the corresponding test were performed for correlation
analyses. The level of significance was set at 0.05.

3. Results
Two groups resulted in patients suffering from definite ARVC (N = 20) and patients

suffering from α-synucleinopathies (N = 8). α-synucleinopathies included patients with
Parkinson’s disease (N = 5), and dementia with Lewy bodies (N = 3). The gender proportion
(ARVC: 70% male, 30% female; α-synucleinopathies: 38% male, 62% female) and the weight
of the patients (weight: ARVC: 79 ± 11 kg, α-synucleinopathies: 78 ± 7.5 kg) was similar
across both groups. The age among the groups was different (ARVC: 46 ± 16 years, α-
synucleinopathies: 68 ± 10 years). The duration between first diagnosis and 123I-MIBG
imaging was 2.6 years (SD ± 3.5 years) for patients suffering from α-synucleinopathies
and 6.6 years (SD ± 7.8 years) for patients suffering from ARVC. In patients with α-
synucleinopathies, no arrhythmias were reported and were expected for one patient with
sick sinus syndrome and atrial tachycardia, who received a pacemaker. Among patients
with ARVC, no arrhythmias were reported in 7 patients, while arrhythmias were reported
in 13 patients. The arrhythmias occurred on average 1117.15 days (SD ± 2120 days, median:
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238 days) before 123I-MIBG imaging. Image processing and VOI assessment are illustrated
in Figure 1.

Comparison of α-Synucleinopathies and Definite ARVC

We compared SUVmedian, SUVmax, SUVpeak, and the H/M ratio of patients with α-
synucleinopathies and definite ARVC.

A comparison of the SUVmedian showed a significant difference for LV-SUVmedian

(α-synucleinopathies: 1.2 ± 0.84, definite ARVC: 4.86 ± 1.04, p < 0.001, see Figure 2a),
for RV-SUVmedian (α-synucleinopathies: 1.26 ± 0.85, definite ARVC: 2.74 ± 0.82, p < 0.01,
see Figure 3a), and for heart-SUVmedian (α-synucleinopathies: 1.15 ± 0.76, definite ARVC
group: 3.84 ± 0.99, p < 0.001, see Figure 4a).
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ARVC group (N = 20) and the group of α-synucleinopathies (N = 8). The t-test showed significant
differences in RV-SUVmedian and RV-SUVpeak but not in RV-SUVmax. The gray crossbar represents
the mean.

A comparison of the SUVmax showed a significant difference for the LV-SUVmax (α-
synucleinopathies: 3.11 ± 2.2, definite ARVC: 10.75 ± 3.49, p < 0.001, see Figure 2b) and
heart-SUVmax (α-synucleinopathies: 4.40 ± 2.02, definite ARVC: 11.01 ± 3.31, p < 0.001,
see Figure 4b). There was no significant difference for RV-SUVmax (α-synucleinopathies:
3.46 ± 2.44, definite ARVC: 5.24 ± 1.76, p = 0.09, see Figure 3b).

A comparison of the SUVpeak showed a significant difference for the LV-SUVpeak

(α-synucleinopathies: 3.83 ± 1.68, definite ARVC: 9.94 ± 2.70, p < 0.001, see Figure 2c),
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for RV-SUVpeak (α-synucleinopathies: 3.48 ± 1.63, definite ARVC: 5.42 ± 1.45, p < 0.05,
see Figure 3c), and for heart-SUVpeak (α-synucleinopathies: 3.98 ± 1.59, definite ARVC:
9.94 ± 2.70, p < 0.001, see Figure 4c).
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A comparison of the H/M ratio also showed significant differences (α-synucleinopathies:
1.19 ± 0.16, definite ARVC: 1.65 ± 0.4, p < 0.001, see Figure 5). Eleven patients with ARVC
and all patients with α-synucleinopathies exhibited an H/M ratio below 1.6.

Diagnostics 2025, 15, x FOR PEER REVIEW 6 of 12 
 

 

 

Figure 4. Comparison of the heart-SUVmedian (a), heart-SUVmax (b), and heart-SUVpeak (c) between the 
ARVC (N = 20) group and the group of α-synucleinopathies (N = 8). The t-test showed significant 
differences in all categories. The gray crossbar represents the mean. 

A comparison of the SUVmax showed a significant difference for the LV-SUVmax (α-
synucleinopathies: 3.11 ± 2.2, definite ARVC: 10.75 ± 3.49, p < 0.001, see Figure 2b) and 
heart-SUVmax (α-synucleinopathies: 4.40 ± 2.02, definite ARVC: 11.01 ± 3.31, p < 0.001, see 
Figure 4b). There was no significant difference for RV-SUVmax (α-synucleinopathies: 3.46 
± 2.44, definite ARVC: 5.24 ± 1.76, p = 0.09, see Figure 3b). 

A comparison of the SUVpeak showed a significant difference for the LV-SUVpeak (α-
synucleinopathies: 3.83 ± 1.68, definite ARVC: 9.94 ± 2.70, p < 0.001, see Figure 2c), for RV-
SUVpeak (α-synucleinopathies: 3.48 ± 1.63, definite ARVC: 5.42 ± 1.45, p < 0.05, see Figure 
3c), and for heart-SUVpeak (α-synucleinopathies: 3.98 ± 1.59, definite ARVC: 9.94 ± 2.70, p < 
0.001, see Figure 4c). 

A comparison of the H/M ratio also showed significant differences (α-synucleinopa-
thies: 1.19 ± 0.16, definite ARVC: 1.65 ± 0.4, p < 0.001, see Figure 5). Eleven patients with 
ARVC and all patients with α-synucleinopathies exhibited an H/M ratio below 1.6. 

 

Figure 5. Comparison of the H/M ratio between the ARVC group (N = 20) and the group of α-synu-
cleinopathies (N = 8). The t-test showed a significant difference. The gray crossbar represents the 
mean. 

To compare heart-SUVmedian and H/M ratio, Cohens’ d was calculated, indicating 
more significant group discrimination for SUV compared to H/M ratio (heart-SUVmedian: 

Figure 5. Comparison of the H/M ratio between the ARVC group (N = 20) and the group of α-
synucleinopathies (N = 8). The t-test showed a significant difference. The gray crossbar represents
the mean.

To compare heart-SUVmedian and H/M ratio, Cohens’ d was calculated, indicating
more significant group discrimination for SUV compared to H/M ratio (heart-SUVmedian:
2.88 (95%-CI: 1.71, 4.06), H/M ratio: 1.33 (95%-CI: 0.39, 2.27)). Heart-SUVmedian and H/M
ratio correlated strongly and significantly (r = 0.61, p < 0.001, see Figure S1).

4. Discussion
123I-MIBG imaging can be used not only to assess the severity of heart failure and

arrhythmogenic diseases but also to investigate neurodegenerative diseases [1,14,27]. The
objective of this study was to examine the difference between clinically diagnosed α-
synucleinopathies and definite ARVC in cardiac 123I-MIBG SPECT. Furthermore, we in-
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vestigated the difference between the semi-quantitative and quantitative assessments of
123I-MIBG images. It is debated whether a two-dimension assessment, such as the H/M
ratio, is sufficient to evaluate a three-dimensional structure like the heart. Evidence sug-
gests that a three-dimensional approach, based on SUV guided by CT-defined morphology,
provides a more accurate assessment [28]. For this purpose, we evaluated the H/M ratio
and SUV of cardiac 123I-MIBG images, examining the LV, the RV, and the global heart.
It was feasible to differentiate between the LV and the RV in patients suffering from α-
synucleinopathies. It has been shown previously that assessing the SUV of the LV in
neurological patients is possible [29,30].

The direct comparison of H/M ratio and heart-SUVmedian shows no significant prefer-
ence for either of these methods. However, there is a slightly better AUC distinguishing
between definite ARVC and α-synucleinopathies, although this difference is not substantial.
Additionally, Cohen’s d indicates an advantage in SUVs. This aligns with a previous study
demonstrating that the left ventricle-to-mediastinum-ratio correlates with the LV-SUV and
the right-ventricle-mediastinum-ratio correlates with the RV-SUV in patients with cardiac
diseases, such as ARVC [24]. Other studies found a correlation between H/M ratio and
SUVmedian in the LV among patients with cardiac or neurological diseases, e.g., PD and
DLB [29,30].

In addition to current literature, our study shows that there is a significant difference
between the quantitative SUV in patients with α-synucleinopathies and definite ARVC in
all three territories, as well as a significant difference in the semi-quantitative H/M ratio.
The only exception was the RV-SUVmax, where the difference between the two diseases
was not significant. We compared two diseases that are known for low cardiac uptake
of 123I-MIBG [10,11,13,30]. There is a significantly lower cardiac uptake in patients with
α-synucleinopathies than in patients with definite ARVC.

To illustrate the cardiac sympathetic nervous system, 123I-MIBG imaging is used in
clinical practice, particularly in Japan and the United States. This is due, among other
reasons, to the association between cardiac sympathetic nervous system dysfunction and
severe cardiac complications [31]. For patients with ARVC, it is suspected that the impair-
ment and subsequent decline of cardiac sympathetic nervous system is responsible for
arrhythmias. Another reason for arrhythmias appears to be the pathology of ARVC, which
leads in fibrofatty replacement of the myocardium and may contribute to cardiac electrical
remodeling [4,32,33]. Severe arrhythmias until sudden cardiac death are frequently re-
ported [7–9]. However, in patients with Parkinson’s disease and parkinsonism, arrhythmias
and sudden cardiac death are rarely reported [34]. A low uptake of 123I-MIBG is associated
with arrhythmias and sudden cardiac death in patients suffering from heart failure [35,36].
Jacobson et al. [19] reported a prognostic value of reduced 123I-MIBG uptake for cardiac
events in patients with significant LV dysfunction. Nagahara et al. [37] reported that a
reduced 123I-MIBG uptake in combination with LV function and plasma BNP level is a
predictor for risk of sudden cardiac death. Verschure et al. [38] showed that the risk for ICD
therapy increases in patients with an intermediate uptake decrease but is not as high in pa-
tients with very low uptake. Most patients with α-synucleinopathies exhibit cardiovascular
dysfunction, but only a few show symptoms. α-synucleinopathies have been reported with
orthostatic hypotension at varying frequencies. When orthostatic hypotension is present,
there is also reduced cardiac sympathetic innervation; however, cardiac dysfunction is
not the sole cause of hypotension [39,40]. Severe cardiac arrhythmias, however, are not
reported or may be underrated. These results, combined with the observations of this study,
suggest that there is a specific range of 123I-MIBG uptake levels, while both higher and
lower uptake compared to each disease entity could help to detect the risk for arrhythmias.
Interestingly, arrhythmias occur in ARVC patients frequently but not in patients suffering
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from neurodegenerative diseases, although the latter shows lower uptake. Potentially,
disease-specific range values should be investigated and analyzed in future studies.

Although 123I-MIBG-SPECT is a standard method for studying the cardiac sympa-
thetic nervous system, positron-emission-tomography (PET) offers several advantages,
such as more detailed regional investigation of the myocardium, improved spatial and
temporal resolution, and the ability to perform quantification. Regarding the latter, we
could demonstrate that quantitative assessment is also feasible in 123I-MIBG imaging. A
more detailed investigation of different regions within the denervated myocardium could
enhance diagnostic accuracy in patients suffering from ARVC and α-synucleinopathies.
Additionally, other tracers, such as 11C-catecholamine or 18F-LMI1195, are used in PET/CT
imaging to investigate the cardiac sympathetic nervous system. While 123I-MIBG, 11C-
catecholamine, and 18F-LMI1195 appear to have similar uptake patterns, they differ in their
accumulation dynamics [41,42]. Further studies are necessary to explore their potential
benefit in cardiac PET/CT imaging in patients with ARVC- and α-synucleinopathy.

Limitations

As a limitation of this study, we cannot exclude the morphologic changes of the
ventricles, e.g., dilatation, which might influence the SUV. Due to the retrospective character
of the study, there is no follow-up for arrhythmias after imaging, so we could not correlate
the occurrence of arrhythmia with the results of image analysis. Additionally, the 123I-
MIBG scan parameters differed between the group of ARVC patients and those with
α-synucleinopathies. Furthermore, the number of patients is limited, and there is no
group of healthy individuals. Another limitation is that, due to the small sample size
and the differing occurrence of the diseases, the two groups are not age- and gender-
matched. For the interpretation of the onset of severe arrhythmias, it must be noted that
two different reasons for arrhythmia in patients with ARVC are discussed: the decline of
cardiac sympathetic nervous system and the fibrofatty remodeling of the myocardium.

5. Conclusions
We demonstrated that the analysis of the LV, RV, and the global heart in 123I-

MIBG SPECT is feasible in patients suffering from α-synucleinopathies. ARVC and α-
synucleinopathies exhibit a similar pathophysiological process, which is the denervation
of the sympathetic nervous system. To our knowledge, this is the first study that com-
pares cardiac 123I-MIBG images from patients with definite ARVC and patients with α-
synucleinopathies, interestingly showing a significantly lower uptake in the latter. This
difference is significant in both semi-quantitative and quantitative investigations. We did
not observe a clear benefit in examining the LV or RV separately instead of the global heart
or in using SUVmax or SUVpeak before SUVmedian. However, it appears that quantitative
analysis has an advantage in distinguishing between ARVC and α-synucleinopathies. Fur-
thermore, this might suggest that disease-specific SUV ranges should be applied instead of
a normal joint range. In addition, our data might indicate that arrhythmias in the context of
a decreased cardiac sympathetic nervous system are underestimated in patients suffering
from α-synucleinopathies.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/diagnostics15010024/s1, Figure S1: There is a strongly and
significant correlation between the H/M-ratio and heart-SUVmedian as tested by Pearson correlation
(r = 0.61, p < 0.001); Figure S2: Receiver operating characteristic (ROC) curves and area under the
curve (AUC) values were generated to compare heart-SUVmedian (a) and H/M-ratio (b).
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