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Abstract

Background: The heart-to-mediastinum ratio (H/M-Ratio) of '**iodo-metaiodo
benzylguanidine (*?’I-MIBG) represents state-of-the-art assessment for sympathetic
dysfunction in patients with arrhythmogenic right ventricular cardiomyopathy (ARVC).
This study aims to evaluate quantitative reconstruction of '2’I-MIBG uptake and to
demonstrate its correlation with echocardiographic parameters.

Methods: Cardiac innervation was assessed in 23 patients diagnosed with definite ARVC
or borderline ARVC and 12 patients with other cardiac disease presenting arrhythmia,
using quantitative '*’I-MIBG Single Photon Emission Computed Tomography/Computed
Tomography (SPECT/CT) imaging. Tracer uptake was evaluated in the left (LV) and right
ventricle (RV) based on a CT scan after quantitative image reconstruction. The
relationship between tracer uptake and echocardiographic parameter data was examined.

Results: Absolute quantification of ?*I-MIBG uptake in the LV and RV is feasible and
correlates accurately with the gold standard H/M Ratio. When comparing sensitivity
and specificity, the area under the curve (AUC) favors standardized uptake value (SUV)
of the RV over the right-ventricle-to-mediastinum-ratio (RV/M-Ratio) for diagnosing
ARVC. A reduced RV-SUV in patients with definite ARVC is associated with reduced RV
function. RV polar maps revealed globally reduced *’I-MIBG uptake without segment-
specific reduction in the RV.

Conclusions: Quantitative ***I-MIBG SPECT in ARCV patients offers robust potential for
clinical reporting and demonstrates a significant correlation with RV function.
Segmental RV analysis needs to be evaluated in larger samples. In summary, cardiac
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1231-MIBG imaging using SUV could facilitate image-guided therapy in patients diagnosed

with ARVC.
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ABBREVIATIONS

ARVC arrhythmogenic right ventricu-

lar cardiomyopathy

H/M-Ratio heart-to-mediastinum-ratio

PI-MIBG  '*iodo-
metaiodobenzylguanidine

LV/M-Ratio left-ventricle-to-mediastinum-

ratio

standardized uptake value of the

left ventricle

RV/M-Ratio right-ventricle-to-mediastinum-
ratio

LV-SUV

RV-SUV standardized uptake value of the
right ventricle

SPECT/CT Single Photon Emission
Computed Tomography/
Computed Tomography

SUvV standardized uptake value

VOI volume of interest

INTRODUCTION

Arrhythmogenic right ventricular cardiomyopa-
thy (ARVC) is classified among the primary car-
diomyopathies [1]. It typically presents in
individuals aged 10 to 40 years. The disease more
frequently affects men than women. As the dis-
ease progresses, patients may develop electrical
instability leading to cardiac arrhythmias and
heart failure. Sudden cardiac death can be an
initial symptom. Other manifestations include
palpitations, arrhythmias, syncope, and heart
failure, which may necessitate heart trans-
plantation at a young age (mean age 38.7 + 13.4
years at the time of first arrhythmia) [2—4]. The
prognosis of ARVC is variable, with annual mor-
tality reported between .08% and 4% [5—7].
Genetically determined dysfunction of cell-cell
contacts is hypothesized to initiate car-
diomyocyte pathology, which forms the basis of
the disease. Consequently, affected areas un-
dergo replacement with connective tissue. The
compromised cellular architecture, compounded
by mechanical stress, leads to morphological al-
terations, including ventricular dilatation. This
process begins in the right ventricle (RV) and ex-
tends to the left ventricle (LV) in approximately

three-quarters of patients [1,2,8—12]. Cardiac ar-
rhythmias are believed to arise due to the
impairment and subsequent decline of the sym-
pathetic nervous system in the heart [13-15].
Programmed cell death (apoptosis) is a proposed
mechanism for ARVC pathology [16], which might
lead to cardiac electrical remodeling (e.g. re-entry
mechanism) and thus makes ARVC hearts prone
to cardiac arrhythmia [2,9]. The cardiac remod-
eling might contribute to arrhythmia besides the
known autonomic dysfunction.

Nuclear medicine examination of the sympa-
thetic nervous system with '*%iodo-meta-
iodobenzylguanidine (***I-MIBG) has revealed
decreased tracer uptake in patients with ARVC.
Single Photon Emission Computed Tomography/
Computed Tomography (SPECT/CT) imaging
enabled the separate assessment of tracer uptake
in both ventricles [17,18].

Previous studies determined '2*I-MIBG-tracer
uptake using the heart-to-mediastinum-ratio (H/
M-Ratio) without obtaining absolute values [18—
21]. The standardized uptake value (SUV) has
long been calculated for positron-emission-
tomography (PET) [22] and recent research sug-
gested that SUV can be a valuable quantitative
parameter for SPECT/CT imaging [23—28]. We
hypothesized the feasibility of determining car-
diac SUV separately in the LV and RV and aimed:

(I) Investigated whether the SUVs of the LV and
RV correlate with the ratios to the medias-
tinum (LV/M-Ratio, RV/M-Ratio).

(II) Compare the SUVs of patients with various
diagnoses.

(IIf) Assess the SUVs of both ventricles against
functional echocardiography parameters
and evaluate the use of RV polar maps to
identify tracer uptake patterns.

METHODS

Study cohort

We retrospectively analyzed patients who un-
derwent cardiac **’I-MIBG scintigraphy from 2010
to 2022 at the Department of Nuclear Medicine,
LMU University Hospital, LMU Munich. Patients
underwent cardiac '?’I-MIBG-imaging either as
part of previous clinical studies or as diagnostic
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evaluation of cardiac innervation by the referring
cardiology department. To focus on patients with
primary arrhythmogenic disorders, we excluded
those suffering from dilated cardiomyopathy and
laminopathy. Additionally, one patient was
excluded due to having undergone a heart
transplantation. In a few instances, establishing a
diagnosis from patient files was not feasible or
there were missing data (including parameters
such as size, weight, injected activity, or image
data) (Figure 1).

For this study, we obtained the consent of the
local ethics committee (project number: 22-0328).
All individuals provided informed consent.

SPECT/CT imaging

SPECT image acquisition was performed accord-
ing to a standardized protocol [18]. Image

acquisition occurred 25 minutes (early) and
4 hours (delayed) after tracer injection. An
average '2’I-MIBG-activity of 359.48 + 41.79 MBq
was administered. SPECT/CT was acquired using
low energy, high-resolution collimator (matrix 64
X 64, pixel spacing 6.59, energy window 159 keV,
width 15%, zoom factor 1.46, scan arc 90°, type of
motion: step and shoot, frame duration 30 sec-
onds, number of frames 32). Additionally, a low-
dose CT scan (130 kV, 20 mAs) was conducted.
All scans were performed with a Symbia True-
Point SPECT/CT scanner (Siemens Medical Sys-
tems, Erlangen, Germany).

Image analysis and interpretation

Image reconstruction was performed using
Hybrid Recon Software (Hermes Medical Solu-
tions, Stockholm, Sweden). Image analysis was

Cardiac SPECT/CT
at Departmment of Nuclear Medicine, LMU Hospital, LMU Munich
(criteria: date: 2010 - 2022, tracer: '23I-MIBG,
imaging: 25 Min. & 4 h. after tracer application) (N = 77)

p—b] .

Excluded:

+ Examination does not satisfy the criteria (N = 17)
+ Dilated cardiomyopathy (N = 4)
Laminopathy (N = 5)

+ After heart transplantation (N = 1)

* Unknown disease (N = 3)

* Missing Data (N = 12)

Distribution to groups by cardiac disease, diagnosed by
Department of Cardiology, LMU University Hospital, LMU Munich
N=35
' '
definite ARVC borderline ARVC other arrhythmias
N=18 N=5 N=12
| ]
SPECT /CT analyzed
Excluded:
—®| Patients without echocardiography in the period of
SPECT /CT imaging (N = 6)
y

Echocardiography parameter analyzed

Figure 1. Patient selection and study process.
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completed using PCARD (PMOD Technologies LL,
Fdlland, Swiss, Version 4.204). Using the SUV
Image Calculation tool, image settings were
adjusted to SUV, this required the input of the
injected dose of '*’I-MIBG, time of injection as
well as patient’'s height and weight. Subse-
quently, the CT image was fused with the SPECT
image.

Following this, LV and RV short-axis images
were manually reconstructed, resulting in images
of vertical long-axis (VLA), horizontal long-axis
(HLA), and short-axis (SA), corresponding to the
LV or RV. After reorientation, a volume of interest
(VOI) was delineated across all slices of the LV in
images oriented to the LV-axis, and across all
slices of the RV in images oriented to the RV-axis.
The LV was detected automatically by the PMOD
software, while the RV was detected manually by
identifying the truncus pulmonalis in the CT im-
age and following the right ventricular outflow
tract caudally. Only the myocardium was
included. The septum was attributed to the LV
(Figure 2). The median SUV of the VOIs (LV-SUV,
RV-SUV) and the median SUV of a cube in the
mediastinum (33 mm edge length) were
measured. The H/M-Ratio was calculated from
the median ventricles’ SUV and SUV of the
mediastinal cube (LV-SUV for LV/M-Ratio and RV-
SUV for RV/M-Ratio). Additionally, a polar map of
LV and RV was created following the recom-
mendations of American Heart Association (AHA)
[29]. For the polar map of RV, only segments 1, 2,
3,7, 8,9, 13, 14 of polar plot were considered
(Supplemental Figure 1) [30].

Diseases and echocardiography

Diagnoses were derived from the patient files of
the Department of Cardiology, LMU University

~— P
HLA | : (

Step 1: Fusion of SPECT and CT

images. Image re-orientation.
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Hospital, LMU Munich. Diagnosis of ARVC is
established using the modified task force criteria,
which include findings from echocardiography,
magnetic resonance imaging (MRI), histology
electrocardiography, and patients’ history; these
are organized into major and minor categories.
Classification into definite ARVC (2 major or 1
major and 2 minor criteria or 4 minor criteria
from different categories), borderline ARVC (1
major and 1 minor or 3 minor criteria from
different categories), or possible ARVC (1 major or
2 minor criteria from different categories) is
determined by these findings [31]. Details on ar-
rhythmias were gathered from the implantable
cardioverter defibrillators (ICD) examinations and
patient records. Echocardiographic data were
subsequently evaluated based on ESC recom-
mendations [32].

Statistical analysis

For statistical analysis, RStudio
2023.06.0 + 421) was utilized.
Categorical or binary variables were expressed
in absolute and relative frequencies. Metric vari-
ables were presented with their mean and stan-
dard deviation (SD). The data was tested for
normal distribution using the Kolmogorov-
Smirnov-Test. An Analysis of Variance (ANOVA)
or Fisher’s Exact Test was performed to compare
more than two disease groups. If there was
insufficient agreement among different groups,
the t-test was used for a more detailed analysis.
The Bonferroni method was employed to adjust
the significance level. For correlation analyses,
the Pearson correlation coefficient and test ac-
cording to Pearson were conducted. The Bland-
Altman-Plot was utilized to compare the two
diagnostic methods. The intra- and interrater

(Version

Step 2: Drawing VOls in the left and

right ventricular myocardium.

Figure 2. Image processing. The figure presents a delayed image of a patient diagnosed with ARVC.
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reliability was assessed using Cohen’s kappa. A
generalized linear model, receiver operating
characteristic (ROC) curves, and area under the
curve (AUC) were calculated to present sensitivity
and specificity. To compare the AUCs, Delong’s
test was used. The level of significance was set at
.05.

RESULTS

Patient characteristics

1231_MIBG scintigraphy was performed on patients
with various cardiac diseases. The division of sex,
age, administered *?*I-MIBG dose, and physical
constitution of the patients was similar across all
groups (Table 1).

Assessment of SUV in left and right ventricle
compared to H/M-Ratio

SUV values of the ventricles were compared with
respect to the diagnosed diseases (Figure 3). In
delayed images, there was a significantly lower
RV-SUV between the groups of definite ARVC
(3.74 + .31) and other arrhythmias (4.88 + .59;
P < .001). A similar investigation conducted on
early images produced comparable results
(Supplemental Figure 2): there was a significant
difference between the group of definite ARVC
(3.54 + .74) and other arrhythmias (4.88 + .59;
P < .001). For the LV-SUV there was no significant
difference.

The ventricles’ SUVs were correlated with the
ratio of ventricle-to-mediastinum-ratios and a
Bland-Altman-Plot was created to compare the
two methods. There was a significant correlation
between RV-SUV and RV/M-Ratio (early images:
r = .61, P < .001, Supplemental Figure 3; delayed
images: r = .78, P < .001, Figure 4). The correlation
between LV-SUV and LV/M-Ratio in early images
was not significant (r = .29, P = .089;
Supplemental Figure 4), but in delayed images,
the correlation was significant (r = .69, P < .001;
Figure 5). The Bland-Altman-Plot showed a good
agreement with a certain variability for LV (early
images: bias: - 3.81, Supplemental Figure 4;
delayed images: bias: - 2.16, Figure 5) and RV
(early images: bias: - 2.34, Supplemental Figure 3;
delayed images: bias: - 1.37, Figure 4). The intra-
rater reliability for RV-SUV was almost perfect
(.86) and the interrater reliability was substantial
(-71) underlining the methodical reproducibility.

A ROC was generated to investigate the SUV’s
diagnostic value for definite ARVC, and the AUC
was calculated. The diagnosis of definite ARVC
using SUV in terms of sensitivity and specificity

when assessing the RV was more evident than
when assessing the LV. The differences were
significant for early images: AUC LV-SUV
compared to AUC RV-SUV; P < .05 and for
delayed images: AUC LV-SUV compared to AUC
RV-SUV; P < .05. A comparison of AUC of SUV and
the respective H/M-Ratio showed a difference in
favor of SUV for both RV and LV (Figure 6).

Echocardiography

For the majority of patients (N = 29), echocardi-
ography images were available for the period of
scintigraphy (Table 2). These values were corre-
lated to investigate the relationship between the
SUV and functional echocardiography parame-
ters. The correlation of LV-SUV and left ventricle
ejection fraction (LV-EF) was significant in early
images (r = .43, P < .05; Figure 7), but insignificant
in delayed images (r = .24; P = .2; Supplemental
Figure 5). However, there was a significant cor-
relation between RV-SUV and measured frac-
tional area change (FAC; early images: r = .76,
P < .001, Fig 7; delayed images: r = .73, P < .001,
Supplemental Figure 5) and between RV-SUV and
tricuspid annular plane systolic excursion
(TAPSE; early images: r = .65, P < .001, Figure 7;
delayed images: r = .68, P < .001, Supplemental
Figure 5).

Polar map

To determine regional innervation alterations,
the segments of the LV and RV in the definite
ARVC group were compared with the SUV of the
respective ventricle. Consequently, the mean of
the median LV-SUVs (early images: 6.45 + 1.17,
delayed images: 4.9 + 1.27) and the median RV-
SUVs (early images: 3.54 + .74, delayed images:
2.71 + .78) were calculated for the definite ARVC
group. In early images, LV segment 8 (9.76 + 1.99,
P < .001), LV segment 9 (9.25 + 2.07, P < .01), LV
segment 10 (8.58 + 1.77, P < .05), LV segment 12
(9.08 £2.09, P < .05) and LV segment 14 (8.96 + 1.9,
P < .01) were significantly different from the
mean of median LV-SUVs. In delayed images, LV
segment 8 (8.2 + 2.59, P < .05) and LV segment 12
(7.19 £ 1.77, P < .05) were significantly different
from the mean of median LV-SUVs. There was no
significant difference in the RV (Figure 8).

DISCUSSION

The objective of this study was to examine the
quantitative assessment of '?*I-MIBG SPECT in
patients with ARVC and other arrhythmogenic
diseases by imaging sympathetic dysfunction. For

Journal of Nuclear Cardiology (2024) 39, 101911



6 Johannes M. Hagen et al.

Table 1. Baseline characteristics of the study population. Other Arrhythmias includes idiopathic ventricular fibrillation (IVFib),
long-QT-Syndrom, catecholaminergic polymorphic ventricular tachycardia, neurocardiogenic syncope, Torsade-de-pointes-
tachycardia, ventricular tachycardia. Arrhythmia was defined by the occurrence of ICD therapy (e.g.: antitachycardia
pacing therapy, cardioversion or defibrillation).
Definite Borderline Other arrhythmias P
ARVC (N = 18) ARVC (N = 5) (N = 12)
Sex .61
Male 13 (72%) 4 (80%) 7 (58%)
Female 5 (28%) 1 (20%) 5 (42%)
Age at ?*I-MIBG (years) 45 (+ 15) 64 (+ 8.6) 43 (+ 15) .98
Age at initial diagnose (years) 39 (+ 14) 58 (+ 7.9) 37 (+ 17) .99
Weight (kg) 80 (+ 11) 86 (+ 6) 81 (£ 21) .78
Height (cm) 180 (+ 6.4) 170 (£ 5.6) 180 (+ 9.6) 39
Administered dose of **I-MIBG (MBq) 360 (+ 46) 360 (+ 15) 360 (+ 44) .94
Symptoms 8 (44%) 1 (20%) 0 .07
ICD 16 (89%) 2 (40%) 11 (92%) .04
Arrhythmia before *2*I-MIBG 12 (67%) 1 (20%) 11 (92%) .01
Arrhythmia within 4 years after *’I-MIBG 7 (39%) 1 (20%) 1 (8%) A3
CPR before '*’I-MIBG 5 (28%) 1 (20%) 11 (92%) <.01
CVRF 13 (72%) 5 (100%) 7 (58%) 54

1231.MIBG, '**lodo-Metaiodbenzylguanidin; CPR, cardiopulmonary resuscitation; CVRF, cardiovascular risk factors; ICD,
implantable cardioverter defibrillator.

A Left Ventricle (delayed images)

‘ 1 p= 066
. .
{ . =
> |
a 2.5 o .
B Right Ventricle (delayed images)

p <0.001
3 , p < 0.001
3 50-
E L - |
> A T
[ ]

7 25t ] .

Figure 3. The SUV in delayed images was differentiated according to left (A) and right (B) ventricel in patients with various cardiac
diseases, as depicted in boxplots. LV-SUVs are not significantly different. In contrast, RV-SUVs show a significant different be-
tween patients with definite ARVC and those with other arrhythmias. ANOVA and t-test were used.
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Right Ventricle (delayed images)
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Figure 4. (A) Correlation between RV-SUV and RV/M-Ratio. (B) Bland-Altman-Plot as a comparison between the RV/M-Ratio and
RV-SUV. Evaluation of delayed images. (A) The Pearson correlation coefficient and Pearsons’s test were used. (B) A Bland Altman

calculation and plot were performed.

this purpose, we assessed cardiac **I-MIBG im-
ages of patients with definite ARVC, borderline
ARVC, and other arrhythmias and compared
these images with echocardiographic parame-
ters. This is the first study to analyze ***I-MIBG
absolute quantification in the LV and RV, which is
feasible and correlates accurately with the gold
standard H/M-Ratio. AUC comparing sensitivity
and specificity favors RV-SUV to RV/M-Ratio for
diagnosing ARVC. Reduced RV function was
accompanied by lower **I-MIBG SUV in definite
ARVC patients. Additionally, we provide insight
into the utility of RV polar maps, showing globally

reduced ?*I-MIBG uptake, but not RV segment-
specific SUV reduction.

The quantitative evaluation of the scintigraphy
data was feasible in all patients. The comparison
between SUV and H/M-Ratio showed a significant
correlation. The Bland-Altman-Plots demon-
strated an agreement between both measure-
ments. Considering the Biases, the SUV measured
higher values than the H/M-Ratio across the
study.

Previous studies have shown that patients
suffering from ARVC exhibit sympathetic
dysfunction, which can be analyzed with a lower
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Left Ventricle (delayed images)
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Figure 5. (A) Correlation between LV-SUV and LV/M-Ratio. (B) Bland-Altman-Plot as a comparison between the LV/M-Ratio and LV-
SUV. Evaluation of delayed images. (A) The Pearson correlation coefficient and Pearsons’s test were used. (B) A Bland Altman

calculation and plot were performed.

accumulation of ***I-MIBG as indicated by H/M-
Ratio [17,33]. It was demonstrated that the RV in
particular, is apparent with lower ***I-MIBG H/M-
Ratio in ARVC-patients [18,34]. In our study, we
demonstrate that definite ARVC patients show a
lower SUV in the RV compared to other groups.
This difference was particularly evident between
the definite ARVC group and the other arrhyth-
mias group. Interestingly, the LV-SUV showed no
significant difference between the groups in
contrast to other studies [17,18].

Furthermore, the RV-SUV in delayed images
appears to be suitable to distinguish between
definite ARVC and other arrhythmias. The best

discrimination could be achieved by using the
RV-SUV, which aligns with a previous study [18].
However, no obvious advantage was demon-
strated for the delayed images.

Burri et al. [35] reported no correlation be-
tween 2’I-MIBG uptake and LV-EF. In the pre-
sent study, a significant correlation was
observed between LV-SUV and LV-EF in early
images, whereas in delayed images, the corre-
lation was not significant. Moreover, the corre-
lations between SUV and the FAC, a functional
parameter for the RV, and between SUV and
TAPSE were significant in both early and delayed
images.
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A Left Ventricle (early images) B Right Ventricle (early images)
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Figure 6. ROC and AUC for the LV and RV for early and delayed images. (A) Optimal cut-off value for the LV in early images: 6.81
(76.5% sensitivity, 66.7% specificity). (B) Optimal cut-off value for the RV in early images: 4.43 (82.4% sensitivity, 88.9% specificity).
(C) Optimal cut-off value for the LV in delayed images: 5.09 (70.6% sensitivity, 72.2% specificity). (D) Optimal cut-off value for the
RV in delayed images: 3.47 (88.2% sensitivity, 77.8% specificity). ROC and AUC were calculated.

Table 2. Echocardiographic data of the study population. Other arrhythmias includes idiopathic ventricular fibrillation (IVFib),
long-QT-Syndrom, catecholaminergic polymorphic ventricular tachycardia, neurocardiogenic syncope, Torsade-de-pointes-
tachycardia, ventricular tachycardia.

Definite ARVC (N = 16) Borderline ARVC (N = 4) Other arrhythmias (N = 9) P
LV ED (cm) 4.6 (+ .49) 4.7 (+ .76) 4.7 (+ .83) 87
LV ES (cm) 3.8 (+ .51) 3.7 (+ .35) 3.1 (+ .85) 24
LV EDV (mL) 120 (+ 40) 140 (+ 33) 140 (+ 36) 20
LV ESV (mL) 61 (+ 28) 55 (+ 17) 64 (+ 14) 86
LV EF (%) 51 (+ 10) 60 (+ 9.2) 55 (+ 12) 40
RVOT PLAX (cm) 3.7 (+ .85) 3.1 (& .38) 2.6 (+ .71) <.01
RVOT PSAX (cm) 3.1 (+ .83) 2.9 (.06) 2.1 (.35) .05
RV Base (cm) 46 (+1.2) 3.5 (& .25) 3.6 (+ .96) .02
RV Mid (cm) 3.6 (+ 1.0) 2.6 (+ .40) 2.5 (+ .67) <.01
RV Length (cm) 7.2 (+ .87) 7.3 (£ .24) 6.9 (+ 1.0) 49
RV EDA (cm?) 32 (+ 10) 21 (+ 4.3) 22 (+ 6.9) .01
RV ESA (cm?) 24 (£ 11) 12 (+ 2.2) 13 (+ 5.5) <.01
FAC (%) 27 (+ 11) 43 (+ 4.8) 45 (+£9.9) <.01
TAPSE (cm) 1.8 (+ .54) 2.4 (+ .46) 2.4 (+ .15) <.01

FAC, fractional area change; IVF, Idiopathic ventricular fibrillation; LV ED, LV diastolic dimension; LV EDV, LV end-diastolic
volume; LV EF, LV ejection fraction; LV ES, LV systolic dimension; LV ESV, LV end-systolic volume; RV Base, RV basal diameter;
RV EDA, RV end-diastolic area; RV ESA, RV end-systolic area; RV Length, RV longitudinal diameter; RV Mid, RV mid-diameter;
RVOT PLAX, RV outflow diameter in parasternal long-axis; RVOT PSAX, RV outflow diameter in parasternal short-axis; TAPSE,
tricuspid annular plane systolic excursion. Values indicate Mean and SD.
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Figure 7. (A) Correlation of fractional area change (FAC) and RV-SUV. (B) Correlation of left ventricular ejection fraction (LV-EF) and
LV-SUV. (C) Correlation of tricuspid annular plane systolic excursion (TAPSE) and RV-SUV. Evaluation of early images. The

Pearson correlation coefficient and Pearsons’s test were used.

Additionally, regional dysinnervation within
the heart, which is considered prognostically
relevant, could be examined by SPECT [36—38].
Various studies have demonstrated that a
regional examination of the right ventricle is
feasible for evaluating the perfusion [30,39]. Egu-
chi et al. [40] utilized RV polar map in ARVC pa-
tients to detect myocardial damage. Wichter et al.
[17] identified regional abnormalities of sympa-
thetic innervation as a cause of arrhythmia in
patients suffering from ARVC. Our study shows
that it was feasible to create a polar map of both
the left and of the right ventricles in *?*I-MIBG
scintigraphy to examinate regional differences.
There was no segment with a significant differ-
ence evident in the RV, which may depend on the
later stage of the disease. It is possible that early-
diagnosed ARVC patients could exhibit regional
but not global dysinnervation. In the LV, a few

segments showed significant differences, pri-
marily in the early images. If data for normal SUV
values were available, similar to those for the H/
M-Ratio [41], better discrimination of regions
with divergent uptake might be possible.

Future prospective imaging studies are needed
to evaluate the potential of SUV measurement to
assess prognosis in ARVC patients regarding
arrhythmia risk estimation.

A limitation of this study is the absence of
SUV data in healthy hearts. This is particularly
relevant considering Schiéfers et al. [42] showed
that patients with idiopathic ventricular fibril-
lation also exhibit reduced *?*I-MIBG values. The
lack of healthy reference also limits the
segmental uptake analysis. However, we aim to
demonstrate that there is a global reduction in
innervation rather than a specific pattern.
Another limitation of this study is that ARVC is
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Figure 8. (A) Mean and standard deviation of the individual segments in early images, with the RV on the left side and the LV on
the right sight. (B) Mean and standard deviation of the individual segments in delayed images, with the RV on the left side and the
LV on the right sight. Data from patients diagnosed with definite ARVC were exclusively examined. Segments highlighted in blue
indicate a significant difference from the mean of median LV-SUVs in the definite ARVC group. The t-test with Bonferroni

adjustment was used.

a rare disease and subjects might be in different
stages of the disease. Additionally, the ARVC
cohort size included in our analysis might affect
ROV curve statistics regarding early and delayed
images. Furthermore, we cannot exclude the
potential limitation of partial volume effect in
this study. Due to the retrospective character of
our study, we could not retrieve all echocar-
diographic parameters.

CONCLUSION

SUV analysis of '**I-MIBG imaging could provide
novel insights into the diagnosis and disease
surveillance of ARVC patients. Our investigations
may help to improve discrimination of ARVC
patients from others suffering from arrhythmias.
Our approach appears to be robust and suitable
for clinical reporting, offering an advantage over
the H/M-Ratio. Quantitative '*’I-MIBG SPECT in
definite ARVC patients correlates well with RV
function. Therefore, cardiac **I-MIBG imaging,

using SUV and segmental RV analysis could
enable image-guided surveillance and therapy in
patients with ARVC.

NEW KNOWLEDGE GAINED

To our knowledge, this is the first study to
determine quantitative cardiac *?*I-MIBG SPECT
separately in the LV and RV in ARVC patients. The
absolute quantification demonstrates a signifi-
cant correlation with the gold standard H/M-
Ratio. RV-SUV appears to be capable of dis-
tinguishing between patients suffering from
ARVC and those with other arrhythmias.
Furthermore, RV-SUV shows a significant corre-
lation  with  functional echocardiographic
parameters.

CLINICAL PERSPECTIVE

Quantitative cardiac '?3I-MIBG SPECT/CT is tech-
nically feasible for image-guided surveillance of
ARVC patients.
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RV-SUV values correlate well with functional
echocardiographic parameters.

The separate assessment of the left and right
ventricle offers a promising novel diagnostic op-
portunity to move from the current clinical
standard of H/M-Ratio to absolute quantification
of *?*I-MIBG SPECT/CT imaging.
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