
The utility of the combination of a SPECT study with
[123I]-FP-CIT of dopamine transporters and [123I]-MIBG
myocardial scintigraphy in differentiating Parkinson disease
from other degenerative parkinsonian syndromes
Naoto Uyamaa, Hideki Otsukac, Takayoshi Shinyaa, Yoichi Otomia,
Masafumi Haradaa, Wataru Sakod, Yuishin Izumid, Ryuji Kajid, Yuya Watanabee,
Satoru Takashib and Yamato Kunikaneb

Objective Molecular imaging of nigrostriatal dopamine
transporters (DAT) and sympathetic cardiac innervation with
single-photon emission computed tomography (SPECT) are
useful tools for differentiating idiopathic Parkinson disease
(PD) from other degenerative parkinsonian syndromes
(non-PD). Nevertheless, these modalities are often
insufficient for achieving a definite diagnosis. The aims of
this study were to evaluate the diagnostic accuracy of the
combination of these tools.

Materials and methods The SPECT radiotracers
[123I]-N-ω-fluoropropyl-2β-carbomethoxy-3β-
(4-iodophenyl)-nortropane (FP-CIT) and meta-
[123I]-iodobenzylguanidine (MIBG) were used to research
presynaptic dopaminergic projections (DAT SPECT) and
myocardial adrenergic innervation (MIBG scintigraphy),
respectively. PD patients (n= 15; age: 61.5 ±13.6 years) and
non-PD patients (n= 19; age: 62.6± 14.2 years) who
underwent both tests were enrolled in this study. Receiver-
operating characteristic analyses were used to set the
cutoff values of the specific binding ratio in DAT SPECT and
the heart to mediastinum ratio in delayed scan in MIBG
scintigraphy for differentiating PD from non-PD. We
calculated the sensitivity, specificity, and test accuracy of
the individual methods and also the combination of these
two modalities.

Results When DAT SPECTand MIBG scintigraphy were used
individually, they showed mild accuracy in differentiating PD

from non-PD (DAT, 67.6%; MIBG, 67.6%). The combination of
the two approaches using cutoff values of less than 3.24 for
the specific binding ratio and less than 2.745 for the delayed
heart to mediastinum ratio enabled more accurate
differentiation between PD and non-PD. The accuracy of
these indices in distinguishing PD from non-PD was 79.4%.

Conclusion These results suggested that the combination
of DAT SPECT and MIBG scintigraphy may improve the
diagnostic accuracy in differentiating PD from non-PD. Nucl
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Introduction
Parkinson disease (PD), which is the most common neuro-

degenerative parkinsonian syndrome, is characterized by the

degeneration of both dopaminergic and nondopaminergic

neurons with neuronal intracytoplasmic inclusions known as

Lewy bodies [1]. Although the clinical diagnosis of PD is

often straightforward and robust in the cases with the typical

cardinal symptoms and characteristic signs, the correct diag-

nosis can be challenging, especially in clinically mild or

uncertain cases. Furthermore, it remains difficult to accurately

differentiate PD from other neurodegenerative parkinsonian

syndromes (non-PD), such as multiple system atrophy

(MSA), progressive supranuclear palsy (PSP), and corticobasal

degeneration. An accurate and early diagnosis is the key to

correct management and prognostication.

In recent years, molecular imaging techniques using PET or

single-photon emission computed tomography (SPECT)

have offered a variety of tests that can improve the diagnostic
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accuracy of PD and non-PD. Dopamine transporter (DAT)

ligands [2–4] and the sympathetic innervation of the heart

[1,5] have become very popular and are used widely in

clinical practice. For example, imaging of DAT binding with

[123I]-2β-carbomethoxy-3β-(4-iodophenyl)-N-(3-fluoropropyl)-
nortropane (FP-CIT) successfully visualizes the presynaptic

dopaminergic degeneration of the nigrostriatal tract [4,6].

DAT SPECT abnormalities can help to support a diagnosis

of degenerative parkinsonian syndromes by excluding

patients with essential tremor [7], and psychogenic [8] and

vascular parkinsonism [9] who have a normal nigrostriatal

function. However, DAT imaging as a stand-alone tool can-

not differentiate between the various types of degenerative

parkinsonian syndromes with sufficient accuracy [10,11].

Similarly, several studies have shown the utility of meta-

[123I]-iodobenzylguanidine (MIBG) myocardial scintigraphy

in assessing the sympathetic cardiac nerve terminals in PD

patients with a decreased cardiac MIBG uptake in compar-

ison with other parkinsonian syndrome patients in whom

the MIBG uptake is normal [12]. Because these molecular

imaging tools are limited in terms of their test accuracy (TA),

the use of either DAT SPECT orMIBG scintigraphy alone is

insufficient for distinguishing PD from non-PD [13].

In this retrospective study, we compared the results of

SPECT studies of striatal DAT receptors and myocardial

MIBG scintigraphy with the clinical diagnoses in 34

patients with suspected parkinsonian syndromes to

evaluate the diagnostic accuracy and usefulness of com-

bined SPECT imaging in the same patient population.

Materials and methods
Thirty-four patients (male/female: 19/15, mean age:

62.1 ± 13.7 years, age range: 31–81 years), who underwent
both [123I]-MIBG scintigraphy and DAT SPECT within

a 4-month period for a differential diagnosis between PD

and other parkinsonian syndromes were consecutively

enrolled in this retrospective study, which was carried out

from April 2014 until June 2016. Because many patients

underwent two tests during a period ranging from 3 to

4 months at our hospital, we established a 4-month

interval between the tests. The study was approved by

the Institutional Ethics Committee and all procedures

were in accordance with the ethical standards on human

investigation and with the principles of the Declaration of

Helsinki. All of the patients underwent molecular in-vivo

brain and cardiac diagnostic examinations, which con-

sisted of presynaptic striatal DAT scintigraphy with FP-

CIT and the assessment of myocardial sympathetic

innervation with MIBG. The final diagnosis was made by

the neurologists of Tokushima University Hospital,

Department of Neurology, who carefully assessed the

medical history and symptoms, the possible response to

dopaminergic treatment, and the diagnostic MRI find-

ings. Fifteen patients were diagnosed with PD according

to the UK Brain Bank criteria [14]. Furthermore, five

patients were diagnosed with probable MSA-P according

to the established criteria [15,16] and two patients ful-

filled the National Institute of Neurologic Disorders and

Stroke criteria for probable PSP [17].

DAT SPECT imaging and the SBR analysis

The brain SPECT scans were acquired according to the

European Association of Nuclear Medicine procedure

guidelines for brain neurotransmission SPECT using

[123I]-labeled DAT ligands (FP-CIT, DaTSCAN; Nihon

Medi-Physics Co. Ltd, Tokyo, Japan) [18]. After an

injection of ∼ 167 MBq of DaTSCAN, the projection

data were obtained in a 128× 128 matrix on a ECAM,

Toshiba (Toshiba Medical Systems Corp., Tochigi,

Japan) (15 April 2014–14 April 2015), or Symbia T16,

Siemens (Siemens Healthcare, Erlangen, Germany)

(15 April 2015–30 July 2016) mounted with low-energy to

medium-energy general-purpose collimators. The pro-

jection data were acquired for 28 min. The data were

reconstructed using the filtered back projection method

without attenuation and scatter correction from 15 April

2014 to 14 April 2015. The data were reconstructed by

the ordered subset expectation maximization method

(iteration 12, subset 6) using a Syngo MIVA10C with the

Symbia Net software program (Siemens AG, Munich,

Germany) and corrected for attenuation by computed

tomography and the triple energy window scatter correc-

tion method from 15 April 2015 to 30 July 2016. The

specific binding ratio (SBR) was calculated semiquantita-

tively using the DAT VIEW software program (Nihon

Medi-Physics, Tokyo, Japan) on the basis of Bolt’s method

as described in detail elsewhere [19]. For the quantitative

analysis, irregular regions of interest (ROIs) were drawn on

single-slice views in areas corresponding to the left and

right striata on either side. Although DAT SPECT in PD

typically shows an asymmetric loss of DAT binding (most

prominent in the putamen), the tracer uptake is more

symmetric in MSA [20] and PSP [21]. In one report of

pathology-confirmed PD and MSA cases with a similar

disease duration [22,23], visual inspection and a semi-

quantitative analysis with DAT SPECT detected a bilat-

eral reduction in striatal DAT binding in all patients, but

the trend toward greater asymmetric binding was greater in

MSA than in PD. For this study, we adopted the average

value of the right and left SBRs as the SBR.

Cardiac imaging: [123I]-MIBG myocardial scintigraphy

After the patient had rested for 15 min in the supine

position, 111MBq of [123I]-MIBG (MyoMIBG; Fuji RI

Pharma, Tokyo, Japan) was injected intravenously. Early

and delayed SPECT were performed at 15 min and 3 h

after the injection, respectively. Planar imaging for 5 min

in the anterior projection was performed automatically

during SPECT. Planar scanning and SPECT were per-

formed using a dual-head gamma camera equipped with a

low-energy to medium-energy general purpose parallel-hole

collimator (Toshiba ECAM). The relative organ uptake

was determined by setting the ROI on the anterior view.
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The heart to mediastinum (H/M) ratio was calculated by

dividing the count density of the left ventricular ROI by that

of the mediastinal ROI, according to the standard method,

which has been described previously [23, 24]. The H/M

ratios calculated from the ROI counts obtained by delayed

SPECT were used for the comparison study because

delayed scans show the neuronal uptake of MIBG more

explicitly [24].

Statistical analysis

The values were expressed as mean ±SD and were

analyzed using Student’s t-test and χ2-test. P values of

less than 0.05 were considered to indicate a statistically

significant difference between PD and non-PD groups.

The sensitivity and specificity of the respective diag-

nostic index (H/M ratios of the MIBG uptake in the

delayed phase, SBR on DAT SPECT, and combined

DAT SPECT and MIBG myocardial scintigraphy) for

differentiation between PD and non-PD were assessed

using a receiver-operating characteristic (ROC) analysis.

For the combined use of DAT SPECT and MIBG

myocardial scintigraphy, the cutoff delayed-phase H/M

and SBR values were 2.745 and 3.24, respectively. The

statistical analyses were carried out using the SPSS soft-

ware program (IBM SPSS Statistics, version 23; IBM

Corp., Armonk, New York, USA). The group data are

presented as mean ± SD. The normality of the data dis-

tribution was assessed using the Shapiro–Wilk test. The

Mann–Whitney U-test was used for the comparison of

non-normally distributed data. Differences with a P value

of less than 0.05 were considered to be biologically sig-

nificant. The analysis of the descriptive statistics and

basic comparisons were carried out using the SPSS soft-

ware program.

The sensitivity and specificity of the respective diag-

nostic index (the H/M ratios of the MIBG uptake in the

delayed phase, SBR on DAT SPECT, and combined

DAT SPECT and MIBG myocardial scintigraphy) for

the differentiation between PD and non-PD were

assessed in a ROC analysis. We also calculated the spe-

cificity, sensitivity, positive predictive value, negative

predictive value, and TA of the combination of the two

methods using the cutoff value for their combination.

Results
Table 1 shows the characteristics of the patients. Although

there was no significant difference in the age of the

patients in the two groups, a statistically significant differ-

ence was observed in the male-to-female ratio.

The mean H/M ratio of the MIBG uptake in the delayed

phase (2.19± 0.55 vs. 2.44± 0.80, cutoff= 2.745, P= 0.025)

was significantly lower in the PD patients than in the non-

PD patients; however, the mean SBR (2.46± 0.87 vs.

2.94± 1.40, cutoff= 3.24, P= 0.08) did not differ to a

statistically significant extent (Table 1 and Fig. 1). ROC

analyses were used to set the cutoff SBR value (in DAT

SPECT) and the H/M ratio (in delayed scanning) in MIBG

scintigraphy for differentiating PD from non-PD (Fig. 2).

In the comparison with the separate use of the SBR and

the delayed H/M ratio, the combined use of the two

semiquantitative analyses using cutoff values of less than

3.24 and less than 2.745, respectively, allowed for more

accurate differentiation between PD and non-PD. The

sensitivity and specificity of SBR were 86.7 and 52.6%,

respectively (Table 2). The sensitivity and specificity of

the delayed H/M ratio on MIBG scintigraphy were 93 and

47%, respectively. The accuracy of these analyses in dif-

ferentiating between PD and non-PD was the same using

each of the molecular methods (DAT SPECT, 67.6%;

MIBG scintigraphy, 67.6%). In comparison with the SBR

and delayed H/M ratio, the combined use of two semi-

quantitative analyses enabled PD and non-PD to be dif-

ferentiated more accurately (cutoff values: SBR< 3.24;

delayed H/M ratio< 2.745). These indices distinguished

PD from non-PD with a sensitivity of 86.7%, a specificity

of 73.7%, an accuracy of 79.4%, a positive predictive

value of 72.2%, and a negative predictive value of 87.5%

(Table 2).

Discussion
This retrospective study investigated the extent to which

the combined use of MIBG scintigraphy and DAT

SPECT may improve diagnostic accuracy in differentia-

tion between PD and non-PD. The analysis showed that

the individual molecular approaches had a mild TA in

differentiating between PD and non-PD (MIBG scinti-

graphy, 62%; FP-CIT SPECT, 69%). In agreement with

previous studies [25,26], we confirmed that the combined

use of DAT SPECT and MIBG scintigraphy was more

useful for differentiating between PD from non-PD in

comparison with the use of either method alone.

Striatal DAT SPECT

Presynaptic DAT imaging can be evaluated by many

SPECT and PET tracers [3,27]. DAT SPECT is therefore

very popular in the clinical setting and enables highly

accurate differentiation between degenerative parkinso-

nian syndromes and movement disorders that are not

associated with a dopamine deficit [7–9]. According to

Table 1 The demographic and clinical features of the PD and non-
PD patients

PD Non-PD P value

N 15 19
Age (years) 61.5 ±13.6 62.6 ±14.2 0.471a

Male : female 6 : 9 13 : 6 0.047b

Age (range) (years) 34–80 31–81
Delayed H/M 2.19 ±0.55 2.44 ±0.80 0.025a

SBR 2.46 ±0.87 2.94 ±1.40 0.08a

H/M, heart to mediastinum ratio in MIBG scintigraphy; non-PD, degenerative
parkinsonian syndrome other than PD; PD, Parkinson’s disease; SBR, specific
binding ratio.
aStudent’s t-test.
bχ2-test.
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Plotkin, the resulting accuracy, sensitivity, and specificity

of FP-CIT SPECT in the detection of PD and non-PD

were 94, 93, and 100%, respectively [28]. However, the

loss of dopaminergic neurons in the substantia nigra

and the reduction of striatal dopamine projections are

histopathological characteristics that are common to the

degenerative parkinsonian syndromes and the low accu-

mulation of striatal DAT shows a moderate TA in differ-

entiating PD from non-PD. DAT SPECT imaging does

not help to differentiate between the neurodegenerative

Fig. 1

Box plots of the striatal FP-CIT and cardiac delayed MIBG accumulation in the PD and non-PD patients. The box plots show the striatal FP-CIT and
cardiac delayed MIBG accumulation in the PD and non-PD patients. The bold lines represent the median values. Whiskers represent the minimum
and maximum values. There was a statistically significant difference in the delayed H/M ratios of the PD and non-PD groups. The SBR values of the
two groups did not differ to a statistically significant extent. FP-CIT, N-ω-fluoropropyl-2β-carbomethoxy-3β-(4-iodophenyl)-nortropane; H/M, heart to
mediastinum ratio; MIBG, meta-[123I]-iodobenzylguanidine; non-PD, degenerative parkinsonian syndrome other than PD; PD, Parkinson’s disease;
SBR, specific binding ratio.

Fig. 2

The receiver-operating characteristic curves of the delayed H/M ratio and SBR. Delayed H/M ratio: AUC=0.698; cutoff value=2.745;
sensitivity=0.93; specificity=0.47. SBR: AUC=0.667; cutoff value=3.24; sensitivity=0.867; specificity=0.526. AUC, area under the curve;
H/M, heart to mediastinum ratio; SBR, specific binding ratio.
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parkinsonian disorders [3]. The sensitivity (86.7%) and

specificity (52.6%) that were observed in the present study

were consistent with previous studies [10,20,29,30].

The cardiac MIBG uptake

In our study, the sensitivity and specificity in differ-

entiating PD from non-PD using the H/M ratio of the

MIBG uptake were 93 and 47%, respectively. The use-

fulness of MIBG myocardial scintigraphy in the diagnosis

of DLB was suggested recently in a meta-analysis. The

sensitivity and specificity of MIBG scintigraphy in the

differential diagnosis between PD and other parkinso-

nian syndromes ranged from 71 to 100% and from 50

to 100%, respectively, with pooled estimates of 88%

(95% confidence interval: 86–90%) and 85% (95% con-

fidence interval: 81–88%) [5]. The specificity observed in

the present study was lower than expected. In terms of

the diagnostic performance, MIBG scintigraphy is usually

a sensitive, but not specific, test for PD [5]. There might

be several reasons for this. As the myocardial [123I]-MIBG

uptake in patients with non-PD (especially in patients

with MSA and PSP) is often found to be slightly reduced

in comparison with healthy controls [31], [123I]-MIBG

scintigraphy may yield some false-positive results in

patients with MSA and PSP. The myocardial sympathetic

nervous system of MSA patients typically shows mild

degeneration [32]; thus, false-positive results may

account for this scintigraphic finding. In addition to

LBD-related postganglionic sympathetic degeneration,

false-positive results on [123I]-MIBG scintigraphy may

also occur because of age-related degeneration because

the myocardial [123I]-MIBG uptake has been reported to

decrease significantly with age [30,33].

The investigation of the combined use of striatal DAT

SPECT and cardiac MIBG uptake

The combination of dopaminergic and sympathetic

scintigraphic imaging tests for differentiating between

PD and non-PD has been explored by other authors

[25,26,28,30,34]. Some studies showed the complementary

role of [123I]-MIBG scintigraphy and DAT SPECT in the

differential diagnosis between PD and non-PD [25,34].

A recent study showed that [123I]-FP-CIT SPECT presents

high sensitivity in the diagnosis of Lewy body disease; thus,

[123I]-MIBG scintigraphy may play a complementary role in

the differential diagnosis between PD and other parkin-

sonism [30]. In the present study, we therefore explored the

extent to which the combination of these two tracers would

improve the TA. Our data show that by combining FP-CIT

SPECT and MIBG scintigraphy, the TA can be increased

to 79.4%. Our data are in agreement with the results of

previous studies [25,26,28,30,34].

Limitations

This study is associated with several critical limitations.

First, this study was carried out in a single university

hospital; thus, the study population was small. Second,

the clinical diagnosis was used as the gold standard in our

study because of the absence of histopathological con-

firmation; thus, the clinical diagnosis may have been

incorrect in some cases. Third, before a molecular

examination is performed, it is necessary to establish an

appropriate withdrawal period in which to cease the

Table 2 The statistical parameters that were evaluated when investigating the combined use of FP-CIT SPECT and MIBG scintigraphy in
differentiating PD from non-PD

PD (n=15) Non-PD (n=19) Total

Delayed H/M ratio≥2.745 1 9 10
Delayed H/M ratio<2.745 14 10 24
Total 15 19 34
Sensitivity 9/10=0.9 – –

Specificity 14/24=0.583 – –

Positive predictive value 14/15=0.93 – –

Negative predictive value 9/19=0.47 – –

Test accuracy (14+9)/34=23/34=0.676 – –

SBR≥3.24 2 10 12
SBR<3.24 13 9 22
Total 15 19 34
Sensitivity 10/12=0.833 – –

Specificity 13/22=0.591 – –

Positive predictive value 13/15=0.867 – –

Negative predictive value 10/19=0.526 – –

Test accuracy (13+10)/34=23/34=0.676 – –

Other than the following 2 14 16
SBR<3.24 and delayed H/M <2.745 13 5 18
Total 15 19 34
Sensitivity 4/16=0.875 – –

Specificity 13/18=0.722 – –

Positive predictive value 13/15=0.867 – –

Negative predictive value 14/19=0.737 – –

Test accuracy (13+14)/34=27/34=0.794 – –

FP-CIT, N-ω-fluoropropyl-2β-carbomethoxy-3β-(4-iodophenyl)-nortropane; H/M, heart to mediastinum ratio; MIBG, meta-[123I]-iodobenzylguanidine; non-PD, degenerative
parkinsonian syndrome other than PD; PD, Parkinson’s disease; SBR, specific binding ratio; SPECT, single-photon emission computed tomography.
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administration of interfering drugs – by considering their

biological half-lives. We did not cease the administration

of these interfering drugs.

Conclusion
The combination of DAT SPECT and MIBG myocardial

scintigraphy may improve the sensitivity of the diagnosis

of PD. In particular, this approach is based on commer-

cially available radiotracers and can therefore be used in

clinical practice without short-lived PET tracers. The

sample size of the present study was small and the study

was carried out in a single center. The results should

therefore be confirmed in a multicenter study with a large

population of pathologically diagnosed patients.
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