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Abstract
Purpose  Metaiodobenylguanidine (MIBG) scintigraphy has been shown to enhance the probability of correct diagnosis 
in patients with parkinsonian syndromes (PS). Thus far, studies of the clinical usefulness of MIBG have been confined to 
cross-sectional assessments, which are inevitably associated with diagnostic uncertainty during the early stages of these 
syndromes. In this study, the initial clinical diagnosis was reevaluated longitudinally to assess the sensitivity and specificity 
of clinical and MIBG parameters in the early diagnosis of PS.
Methods  167 patients with PS (age 67.03 ± 8.92 years (mean ± standard deviation), duration of symptoms 2.48 ± 5.27 years, 
median Hoehn and Yahr score 2) underwent an initial clinical assessment and MIBG scintigraphy. Eighty seven of those 
patients (56 with Parkinson’s disease (PD), 1 with multiple system atrophy (MSA), 23 with atypical PS, 7 with tremor syn-
drome) were clinically reevaluated a mean of 3 years later in order to verify their initial diagnosis.
Results  The use of a lower limit of normal value of 1.74 for the heart-to-mediastinum ratio (HMR) achieved the best dis-
crimination between PD and other PS. The sensitivity of MIBG scintigraphy to PD was 94%; it also had a specificity of 65%, 
a positive predictive value of 88%, and a negative predictive value of 79%. MIBG scintigraphy was better than initial clinical 
diagnosis alone (sensitivity 83%, specificity 39%) or levodopa responsiveness (sensitivity 92%, specificity 10%). However, 
a combination of clinical diagnosis and MIBG scintigraphy was found to be especially clinically useful (specificity 95%, 
sensitivity 83%, positive predictive value 95%, negative predictive value 83%).
Conclusion  MIBG scintigraphy was demonstrated to be a reliable tool for the diagnosis of early PD. The best diagnostic 
accuracy was achieved by combining a clinical examination with MIBG scintigraphy.

Keywords  Parkinson’s disease · MIBG scintigraphy · Early clinical diagnostic · Heart-to-mediastinum ratio

Introduction

Clinical diagnostic criteria continue to be key to the diag-
nosis of parkinsonian syndromes [1, 2]. Even when consid-
ered over the long term, these criteria are associated with 
significant uncertainties, with post-mortem studies showing 
error rates up to 25% [3]. Following the first reports in 1997 
[4, 5], evidence has accumulated that the scintigraphically 
measured myocardial uptake of the norepinephrine analogue 

metaiodobenzylguanidine (MIBG) is reduced during the 
early stages of Parkinson’s disease (PD). This phenom-
enon could aid the diagnosis and differential diagnosis of 
PD [6–10]. However, data on the sensitivity and specificity 
of this method have thus far been based on cross-sectional 
studies.

In the study performed in the present paper, the initial 
clinical diagnosis was  reevaluated later during the course of 
the disease to improve the accuracy of diagnosis. The diag-
nostic sensitivity and specificity of the longitudinally veri-
fied diagnosis of parkinsonian syndromes (PS) using MIBG 
scintigraphy, as well as those of a clinical examination and 
the levodopa-response test, were assessed.
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Patient population and methods

Patients

167 patients with PS who underwent MIBG scintigraphy 
at an early stage of their disease were retrospectively iden-
tified in the clinical records of 7 neurological outpatient 
services in southeast Germany. 80 patients, including 28 
deceased patients, were lost to follow-up. 87 were avail-
able for clinical reevaluation of their diagnosis at a mean 
of 3.09 ± 1.72 years after the initial diagnosis. The follow-
up population included 56 patients with idiopathic Par-
kinson’s disease, 1 with multiple system atrophy, 23 with 
atypical PS, and 7 with essential tremor. After obtaining 
their informed consent to participate in this study, a com-
plete standardized neurological clinical examination was 
performed for each patient. Medication and comorbidities 
were recorded, and specific tests for associated dementia 
and depression were carried out. Table 1 shows the clini-
cal characteristics of the total population and the follow-
up population. Clinical characteristics of the follow-up 
population were representative of the total population, as 
no statistically significant differences between the cohorts 
were found.

Methods

All of the patients in the follow-up population gave their 
informed consent to participate in this study.

The initial early clinical evaluation and diagnostic clas-
sification were performed by the treating neurologist at a 
mean of 2.48 ± 5.27 years after the onset of symptoms. The 
results and diagnosis were documented in medical records 
and letters to the patient’s general physicians. MIBG scin-
tigraphy was performed at this time as a routine diagnostic 
method and the heart-to-mediastinum ratio (HMR) was 
calculated to quantify cardiac MIBG uptake. The mean 
time difference between the initial and follow-up visit 
was 3.09 ± 1.72 years. The follow-up evaluation included 
a semi-structured interview to obtain clinical information 
on medical and drug history and the course of the disease, 
as well as a neurological examination. The neurological 
examination probed the cranial nerves; the motor sys-
tem, including rigidity, tapping tests of fingers and feet, 
abnormal movements, and deep tendon reflexes; sensa-
tion, including stereognosis and two-point-discrimination; 
cerebellar function; postural stability and gait; and clini-
cal symptoms of autonomic nervous system function such 
as bladder function, orthostatic tolerance, and sweating. 
The Hoehn and Yahr stage was determined. The “Test zur 
Früherkennung von Demenzen und Depression” (TFDD, 

a test for the early detection of dementia and depression) 
was performed, which studied the patient’s immediate and 
delayed memory function, orientation in time, ability dur-
ing the clock-drawing test, and verbal fluency, and checked 
for signs and symptoms of depression.

Diagnostic criteria for the follow-up diagnosis of PD were 
based on the criteria published by Gelb et al. [1], based on 
the second consensus statement on the diagnosis of MSA 
[11, 12]. Patients who did not fulfill the criteria for PD or 
MSA were diagnosed with atypical PS. Essential tremor 
was diagnosed based on typical clinical characteristics in 
the absence of other signs or symptoms.

MIBG scintigraphy

MIBG is a norepinephrine analogue that is actively trans-
ported into noradrenaline granules of sympathetic nerve ter-
minals by the noradrenaline transporter and released upon 
stimulation by acetylcholine [13, 14]. Radioactive iodine 
(131I/123I) is used to visualize the uptake and storage of 
MIBG in noradrenergic postganglionic neurons. Thus, car-
diac MIBG uptake reflects not only the localization but also 
the functionality of these neurons. None of the patients was 
on any medication that interfered with MIBG uptake [15] or 
suffered from any other cardiac or neurological disorders that 
impaired MIBG uptake. The thyroid gland was blocked with 
potassium iodide. Four hours after the intravenous injection 
of 111 MBq of MIBG, anterior planar images of the chest 
were obtained using a dual-head gamma camera system (Sie-
mens e.cam Dual Head). To quantify cardiac MIBG uptake, 
regions of interest were manually defined that covered the 
heart and a representative rectangle over the upper mediasti-
num as reference. Cardiac MIBG uptake counts per pixel in 
these two areas were measured, and HMR was calculated 
(Fig. 1). Estorch et al. empirically demonstrated a physi-
ological reduction in MIBG uptake with age in their study of 
39 cancer patients [16]. However, this potential confounder 
of the MIBG results can be neglected in our patient cohorts 
due to the homogeneous age distribution.

A receiver operating characteristic curve (ROC) (Table 2) 
was calculated to obtain the best discrimination threshold for 
cardiac MIBG uptake. A HMR of 1.74 achieved the highest 
sum of sensitivity and specificity and therefore discrimi-
nated most accurately between normal results and a reduced 
uptake in the images taken 4 h after injection.

The calculated lower limit for a normal HMR (1.74) is 
in line with the value of 1.75 suggested by Takatsu et al. 
[9] and Braune [8]. Using HMR limits of 1.48 to include 
patients with Lewy body dementia [17] or 1.43 to distin-
guish normal subjects [18] would modestly increase the 
specificity from 65 to 78% but would markedly reduce the 
sensitivity from 94 to 68%, leading to an overall reduction 
in the sum of sensitivity and specificity from 1.59 to 1.45.
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Results

Sensitivity and specificity of early clinical diagnostic 
examination

The sensitivity and specificity of the early clinical diagnostic 
examination were assessed using the results of the follow-up 
examination as a reference. With this protocol, the initial 
clinical examination reached a sensitivity of 83%, a specific-
ity of 39%, a positive predictive value (PPV) of 79%, and a 
negative predictive value (NPV) of 45% (Table 3).

Sensitivity and specificity of MIBG scintigraphy

The sensitivity and specificity of MIBG scintigraphy in the 
early stages of the disease were calculated assuming that 
the diagnosis made at the follow-up examination was the 
“true” diagnosis. MIBG scintigraphy with a lower limit for 
a normal HMR of 1.74 was found to to be a reliable early 
indicator of Parkinson’s disease with a sensitivity of 94% 
and a specificity of 65%. The positive predictive value (PPV) 
was 88% and the negative predictive value (NPV) was 79%.

Combined sensitivity and specificity values 
of clinical examination, MIBG scintigraphy, 
and levodopa response

The combined sensitivity and specificity values of clinical 
examination, MIBG scintigraphy, and levodopa response 
during the early stages of PS were calculated using the 
diagnosis made during the follow-up clinical evaluation as 
reference. The combination of an early clinical examination 

and early MIBG scintigraphy showed a sensitivity of 95% 
and a specificity of 83%. The PPV was 95% and the NPV 
was 83%.

The combination of an early clinical examination, early 
MIBG scintigraphy, and early levodopa response presented 
a sensitivity of 100%, but its specificity was as low as 50%. 
The PPV was 98% and the NPV was 100% (Table 4).

Discussion

The accurate diagnosis of PS at an early stage provides the 
basis for making appropriate decisions regarding patient 
management and treatment, and is becoming increasingly 
important given that new therapies targeting intracellular 
pathomechanisms are on the horizon. Thus, diagnostic tools 
that have been shown to provide high accuracy in the differ-
ential diagnosis of PS during the early stages of the disease 
are needed.

In this study, the initial clinical diagnosis was reevaluated 
an average of 3 years later to enhance the probability of cor-
rect diagnostic classification. This period of time is seen as 
sufficient to detect changes in clinical symptomatology that 
may conflict with the initial diagnosis. Using the follow-up 
diagnosis as reference, the accuracy of the initial clinical 
examination alone at an early stage of the disease was found 
to be disappointing, based on its sensitivity (83%), specific-
ity (39%), PPV (79%), and NPV (45%)—a result that is in 
line with other representative studies [3, 19, 20]. The sensi-
tivity of the levodopa response (a frequently used diagnostic 
tool) alone was 92%, but its specificity was just 10% or lower 
during the early stages of the disease (mean H&Y 1.8, PPV 

Fig. 1   Examples of the cardiac uptake of MIBG. Left image shows a 
patient with MSA and the right image shows a patient with idiopathic 
PD. Regions of interest are shown as a rectangular region (mediasti-

num) and a circle (heart). There is similar uptake in the lungs and 
liver (bottom left), whereas the uptake of the heart differs consider-
ably
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83%, NPV 20%). The combination of a clinical examina-
tion fulfilling the clinical criteria for PD and the levodopa 
response showed enhanced sensitivity (100%) but an unac-
ceptably low specificity (50%). The short-term levodopa 
response was reported to have even lower accuracy [21].

The accuracy and validity of various technical diagnostic 
tools for the differential diagnosis of extrapyramidal neuro-
degenerative disorders have been investigated in previous 
studies. Routine magnetic resonance imaging (MRI) analysis 
of 32 patients with PD, 28 with multiple system atrophy 
(MSA), 30 with progressive supranuclear palsy (PSP), and 
26 with corticobasal degeneration (CBD) showed a speci-
ficity for PD of 91% and a sensitivity of 71% (MSA), 70% 
(PSP), and 92% (CBD), respectively; it should be noted, 
however, that the disease stage of each patient is not known 
[22]. Brain MRI apparent diffusion coefficient values of 
the putamen and cerebellum showed similar area under the 
curve values to those in MIBG scintigraphy for small patient 
groups [22–24]. However, MRI techniques currently require 
further standardization and validation in bigger patient 
cohorts and at early disease stages.

Different radioligands have been employed to quantify 
presynaptic ​([​123​I]​N​-ω-​flu​oro​pro​pyl​-2β​-ca​rbo​met​hox​y-3​β-(​
4-i​odophenyl)nortropane single photon emission computed 
tomography, FP-CIT-SPECT; L-6-[18F]fluoro-3,4-dihy-
droxyphenylalanine positron emission tomography, 18F 
DOPA-PET) and postsynaptic (123I-iodobenzamide single 
photon emission computed tomography, IBZM-SPECT;11C 
raclopride positron emission tomography, raclopride-PET) 
dopaminergic receptors. Their usefulness in the early stages 
of PS remains unclear, as some patients were only diagnosed 
in the late stages of the disease (n = 659 for FP-CIT-SPECT, 
n = 249 for 18F  DOPA-PET, n = 39 for IBZM-SPECT, 
n = 128 for raclopride-PET) [25]. FP-CIT-SPECT was 
reported to discriminate between presynaptic parkinsonian 
syndromes (Parkinson’s disease or atypical parkinsonism) 
and essential tremor (sensitivity: 80%, specificity: 95%) or 
vascular parkinsonism (sensitivity: 80%, specificity: 100%) 

Table 2   ROC values for discriminating between Parkinson’s disease 
and parkinsonian syndromes using the heart-to-mediastinum ratio in 
MIBG scintigraphy at an early stage of the disease

Bold values indicate the HMR with the best discriminative values, 
which was therefore chosen as lower limit of normal

HMR Sensitivity 1 − specificity Specificity Sum of sensitiv-
ity and specificity

−0.0500 0.000 0.000 1.000 1.000
0.9600 0.016 0.000 1.000 1.016
0.9800 0.031 0.000 1.000 1.031
0.9950 0.047 0.000 1.000 1.047
1.0050 0.063 0.043 0.957 1.019
1.0200 0.078 0.043 0.957 1.035
1.0450 0.094 0.043 0.957 1.050
1.0700 0.125 0.043 0.957 1.082
1.0850 0.141 0.043 0.957 1.097
1.0950 0.172 0.043 0.957 1.128
1.1100 0.281 0.087 0.913 1.194
1.1250 0.297 0.087 0.913 1.210
1.1350 0.328 0.087 0.913 1.241
1.1450 0.359 0.087 0.913 1.272
1.1650 0.391 0.087 0.913 1.304
1.1900 0.406 0.087 0.913 1.319
1.2200 0.453 0.130 0.870 1.323
1.2700 0.469 0.130 0.870 1.338
1.3050 0.516 0.174 0.826 1.342
1.3300 0.531 0.174 0.826 1.357
1.3550 0.547 0.174 0.826 1.373
1.3650 0.563 0.174 0.826 1.389
1.3750 0.578 0.174 0.826 1.404
1.3900 0.594 0.174 0.826 1.420
1.4200 0.609 0.217 0.783 1.392
1.4450 0.625 0.217 0.783 1.408
1.4750 0.672 0.217 0.783 1.454
1.5150 0.688 0.261 0.739 1.427
1.5500 0.719 0.261 0.739 1.458
1.5850 0.766 0.261 0.739 1.505
1.6200 0.859 0.348 0.652 1.512
1.6650 0.891 0.348 0.652 1.543
1.6950 0.922 0.348 0.652 1.574
1.7350 0.938 0.348 0.652 1.590
1.7850 0.938 0.391 0.609 1.546
1.8050 0.938 0.478 0.522 1.459
1.8350 0.953 0.478 0.522 1.475
1.8650 0.953 0.522 0.478 1.431
1.8750 0.969 0.565 0.435 1.404
1.8900 0.984 0.609 0.391 1.376
1.9150 1.000 0.652 0.348 1.348
1.9650 1.000 0.696 0.304 1.304
2.0500 1.000 0.783 0.217 1.217
2.1500 1.000 0.870 0.130 1.130
2.2750 1.000 0.957 0.043 1.043
3.3500 1.000 1.000 0.000 1.000

Table 3   Comparison between early and follow-up diagnoses

Diagnosis at follow-up

PD Other PS Total

Early diagnosis confirmed
 Number 53 9 62
 % 82.8% 39.1% 71.3%

Early diagnosis changed
 Number 11 14 25
 % 17.2% 60.9% 28.7%

Sum total
 Number 64 23 87
 % 100% 100% 100%
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and healthy individuals [26]. Both of the SPECT methods 
showed poor abilities to differentiate between PD and atypi-
cal parkinsonism (FP-CIT-SPECT: sensitivity 80%, specific-
ity 24%; IBZM-SPECT: sensitivity 69%, specificity 57%) 
[27]. Even using a combination of both SPECT techniques 
did not significantly improve diagnostic accuracy [28]. 
When they used automated image-based classification of18F 
DOPA-PET, Tang et al. [29] reported a sensitivity of 84%, 
a specificity of 97%, a PPV of 98%, and a NPV of 82% for 
PD identification (MSA: sensitivity 85%, specificity 96%, 
PPV 97%, NPV 82%; PSP: sensitivity 88%, specificity 94%, 
PPV 91%, NPV 92%; N = 167 (PD: 96), H&Y: 2.4). Nev-
ertheless, PET is still a relatively expensive technique that 
is not widely available. Its value during the early stages of 
the disease is unknown. Hence, additional cerebral imaging 
is necessary to exclude vascular parkinsonism before using 
SPECT or PET.

MIBG scintigraphy is a well-established and  standard-
ized technique that is available in almost any nuclear medi-
cine service center. MIBG scintigraphy distinguishes idi-
opathic PD from MSA, PSP, and essential tremor, which 
are the disorders that are most frequently misdiagnosed as 
idiopathic Parkinson’s disease at an early stage of the dis-
ease. The usefulness of MIBG scintigraphy as a diagnostic 
tool for PS has been demonstrated by cross-sectional stud-
ies that included more than 2500 patients [10]. In the last 
few decades, several studies have reported sensitivities of 
between 79 and 100% and specificities of between 84 and 
89% for the identification of patients with PD [30]. Due to 
its high accuracy in differentiating between pre- and post-
ganglionic disorders, MIBG scintigraphy is recommended 
for the diagnosis of PD in the guidelines of the American 
Academy of Neurology [31], as well as by the European 
Federation of Neurological Societies (EFNS), as it provides 
level A evidence [32].

In accordance with previous results [8, 9], a lower limit 
for a normal HMR of 1.74 in cardiac MIBG uptake was 
found to provide the best discrimination of PS patients. 
Also, the sensitivity and specificity of MIBG scintigraphy 

in our patients were in good accord with the results from a 
metaanalysis of MIBG diagnostic accuracy in early-stage 
PD (sensitivity 94.1%, specificity 80.2% [4]; our data: 
sensitivity 94%, specificity 65%, PPV 88%, NPV 79%). 
The reduced specificity observed in our study most likely 
reflects the impact of the longitudinal verification of the 
diagnosis in this real-world setting versus the one-time 
diagnosis (with its inevitable inaccuracies) made during 
an early stage of the disease in previous cross-sectional 
studies.

The combination of MIBG scintigraphy and a clinical 
examination fulfilling the diagnostic criteria for PD out-
performed the other tests available, yielding a sensitiv-
ity of 95%, a specificity of 83%, a PPV of 95%, and a 
NPV of 83% during the early stages of the disease. The 
value of MIBG scintigraphy is underlined by comparing 
patients with identical initial and follow-up clinical diag-
noses (n = 62) to patients with diverging clinical diagnoses 
(n = 25). In the first subgroup, 52 of the 53 PD patients 
were diagnosed correctly by MIBG scintigraphy (H/M 
ratio < 1.74) at an early stage of the disease. However, 
even when the initial clinical diagnosis had to be corrected 
at the follow-up, PD was initially correctly diagnosed by 
MIBG scintigraphy in 8 of the 11 patients.

In conclusion, assessing the MIBG cardiac uptake 
improves the diagnostic accuracy for PD beyond that 
afforded by a clinical diagnostic examination. In compar-
ison to MRI, PET, and SPECT cerebral imaging, HMR 
measurement provides higher sensitivity and specificity 
during the early stages of the disease. Therefore, MIBG 
scintigraphy is correctly recommended in the current 
guidelines of the German and American neurological 
associations and by the EFNS as a well-established and 
validated diagnostic tool for PS.
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Table 4   Sensitivity and specificity values as well as positive predic-
tive values (PPV) and negative predictive values (NPV) obtained 
when using clinical parameters, MIBG scintigraphy, levodopa 

response, and combinations thereof to discriminate early-stage Par-
kinson’s disease from parkinsonian syndromes

Diagnostic technique(s) Sensitivity (%) Specificity 
(%)

PPV (%) NPV (%)

Early clinical examination fulfilling the PD diagnostic criteria 83 39 79 45
MIBG scintigraphy 94 65 88 79
Levodopa response 100 25 77 100
Early clinical examination + levodopa response 100 50 98 100
Early clinical examination + MIBG scintigraphy 95 83 95 83
Levodopa response + MIBG scintigraphy 100 20 91 100
Early clinical examination + MIBG scintigraphy + levodopa response 100 50 98 100
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