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Abstract The 4-repeat (4R)-tauopathies can be clinically

heterogeneous and difficult to diagnose. An FDG-PET pat-

tern of hypometabolism has been previously reported in

clinically suspected 4R-tauopathies. Considering that path-

ological confirmation has not been used as inclusion criteria

in these studies, however, the possibility exists that atypical

cases were excluded. We studied pathologically confirmed

cases of 4R-tauopathies to determine if FDG-PET patterns of

hypometabolism different than those previously described

exist. We identified all autopsy confirmed 4R-tauopathies

with FDG-PET imaging performed between 2010 and 2013

within the Mayo Clinic database. Clinical features and FDG-

PET imaging were compared to a group of normal controls.

Ten patients, seven of which had autopsy-confirmed pro-

gressive supranuclear palsy (PSP), were identified. We also

identified two cases with globular glial tauopathy (GGT) and

one case of corticobasal degeneration (CBD). The overall

predominant imaging findings included bilateral caudate

hypometabolism in nine cases, mild asymmetric thalamic

hypometabolism in eight, midbrain hypometabolism in

seven, and bilateral hypometabolism in the supplementary

motor area in seven. No differences were observed between

PSP and GGT. The one CBD case had asymmetric parietal

hypometabolism that was not seen in the PSP and GGT cases.

As previously described, 4R-tauopathies are associated with

frontal, caudate, midbrain and thalamic hypometabolism on

FDG-PET. This is the first report of FDG-PET in GGT, and

although our series was limited, no features distinguish GGT

from PSP. There was some evidence that parietal hypome-

tabolism may be suggestive of CBD.

Keywords 4R-Tauopathy � Tau � CBD � PSP �
FDG-PET � GGT

Introduction

Mutation of the microtubule protein tau and its subsequent

distribution throughout the brain is responsible for several

neurodegenerative diseases. Within this spectrum of tau

pathology exists a group characterized by sporadic 4-repeat

(4R) tau neurofibrillary tangles. The sporadic 4R-tauopa-

thies include corticobasal degeneration (CBD), progressive

supranuclear palsy (PSP), and globular glial tauopathies

(GGTs). Corticobasal degeneration pathology predomi-

nately affects the frontoparietal area, resulting in an asym-

metric clinical syndrome that includes limb apraxia, alien-

limb phenomena, myoclonus, and dystonia [1]. Progressive

supranuclear palsy involves tau distribution predominantly

affecting the basal ganglia, brainstem, cerebellum, and

medial frontal cortex [2]. In PSP’s classic form, known as

Richardson’s Syndrome [3], the dominant clinical features

are symmetric parkinsonism, axial rigidity, early falls,

supranuclear vertical gaze palsy, apathy, and a lack of

response to levodopa. The GGTs are a relatively newly

described group of neurodegenerative diseases that are
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characterized by widespread 4R immunoreactive globular

oligodendroglial and astrocytic inclusions [4]. GGTs pre-

dominantly feature patterns of frontotemporal and cortico-

spinal tract involvement [4].

The in vivo diagnosis of these 4R-tauopathies and other

neurodegenerative diseases can be clinically challenging, and

is becoming increasingly important with the future of targeted

therapies. To aid the physician with the clinical diagnosis, the

use of FDG-PET imaging has been examined by many pre-

vious studies to help differentiate between a spectrum of

neurodegenerative diseases including Parkinson’s disease

(PD), PSP, CBD, multiple system atrophy (MSA), dementia

with Lewy bodies (DLB), and frontotemporal lobar degen-

eration (FTLD) [5–21]. Pathological confirmation was not

used as inclusion criteria in any of these previous studies,

which raises the question as to whether the described FDG-

PET imaging findings are associated with the underlying

pathology, or rather the clinical syndrome. This can be high-

lighted by the clinical heterogeneity resulting from PSP

pathology, as there have been multiple pathologically con-

firmed atypical variants described in the literature that do not

fit the typical Richardson’s Syndrome presentation. These

variations include PSP-parkinsonism (PSP-P), pure akinesia

with gait failure, progressive aphasia or apraxia of speech, and

even a corticobasal syndrome due to PSP pathology [22].

Considering the overlapping and ambiguous features

among many of the neurodegenerative diseases, our aim is

to clarify the characteristic FDG-PET imaging findings of

the sporadic 4R-tauopathies by using autopsy-confirmed

cases. We hypothesize that pathologically confirmed cases

of spontaneous 4R-tauopathies will collectively have dif-

ferent areas of hypometabolism on FDG-PET imaging than

previously described in non-autopsy-confirmed studies.

Methods

Subjects

The Mayo Clinic Medical Records Linkage system was

used to identify all patients seen in the Department of

Neurology at Mayo Clinic in Rochester, MN by a degen-

erative specialist between 2005 and 2013 with an autopsy-

confirmed spontaneous 4R-tauopathy who had FDG-PET

imaging of the brain at the time of their clinical evaluation.

Patient charts were reviewed and clinical features recorded.

The study was approved by the Mayo institutional review

board.

Imaging

All PET scans were acquired using a PET/CT scanner (GE

Healthcare) operating in 3D mode. Subjects were injected

with fluorodeoxyglucose in a dimly lit room with minimal

auditory stimulation. An 8-min FDG scan was performed

after a 30-min uptake period, which consisted of four 2-min

dynamic frames following a low-dose CT transmission

scan. Standard corrections were applied and frames were

realigned if motion was present. The CortexID (GE

Healthcare) software package was used and ran an auto-

mated analysis using 3D stereotactic surface projections.

Activity for each subject’s scan was normalized to the pons

and compared to an age-segmented normative database.

The program provides 3D stereotactic surface projection

images with a metabolic map using the Z scores as calcu-

lated for each surface pixel.

Results

There were ten patients identified that met criteria for our

study, which included seven patients with autopsy-con-

firmed PSP, two patients with autopsy-confirmed GGT, and

one patient with autopsy-confirmed CBD. Demographic

features are provided in Table 1. The mean age of disease

onset was 63.4 years (range 50–80). Five were female. The

mean duration of disease from initial symptom onset to

evaluation was 5.8 years (range 3–10 years). The mean

Mini-Mental State Examination score was 24 (range

17–29).

The ten patients exhibited a wide variety of signs and

symptoms (Table 2). Of note, both of the GGT patients

Table 1 Demographic features in the ten autopsy-confirmed tauopathies

Demographics Subjects

1 2 3 4 5 6 7 8 9 10

Sex F M F M M F M F F M

Age of onset 67 64 60 66 55 80 69 65 50 58

Disease duration (years) 5 7 6 4 6 3 8 4 5 10

Years until seen by specialist 3.5 2 5 2.5 3 1.5 0.5 2 4 7

Years until PET 2 2 5 2 3 (1 month) 7 2 4 7

Pathological diagnosis PSP PSP PSP PSP PSP PSP PSP GGT GGT CBD

CBD corticobasal degeneration, GGT globular glial tauopathy, PSP progressive supranuclear palsy
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presented with apraxia of speech [23] as their first symp-

tom. Two of the seven PSP patients presented with a chief

complaint of backward falls. Mild cognitive difficulties

were reported as the initial symptom in another two of the

seven PSP patients. The remaining three patients initially

noticed symptoms of apathy, pseudobulbar affect, and

task-specific tremors. The one CBD patient presented with

the initial complaint of depression and irritability.

All eight patients who tried levodopa therapy showed no

response in treating their parkinsonian features. Dysphagia

or dysarthria was seen in eight of ten patients. Backward

falls were documented in seven of ten patients, although

only four of those seven patients had backward falls within

the first year. A vertical supranuclear gaze palsy was

identified in eight of ten patients; seven of the eight were

noted at the initial visit. Significant apathy was experi-

enced by seven of ten patients. Significant cravings for

sweets and overeating of sweets was observed in three of

ten patients. The final suspected diagnosis after evolution

of symptoms and work-up was PSP in six of the seven PSP

patients (the one that did not have suspected PSP did not

follow up after initial work-up). Neither of the two GGT

patients were suspected to have GGT; both were clinically

suspected PSP variants. The one CBD patient was clini-

cally suspected to have FTLD.

The FDG-PET CortexID maps for the ten subjects can

be seen in Fig. 1. The predominate imaging findings

included bilateral hypometabolism in the caudate in nine of

ten patients (2–10), mild asymmetric hypometabolism in

the thalamus in eight of ten patients (1–7, 10), and bilateral

hypometabolism in the SMA seen in seven of ten patients

(1, 2, 4, 5, 8, 9, 10). Other areas of hypometabolism

included the premotor cortex in five patients (1, 5, 6, 9, 10),

the precentral gyrus in one patient (6), the midbrain in

seven patients (1, 2, 4, 5, 6, 7, 9), and the asymmetrical

parietal cortex in one patient (10). There were no unique

distinguishing features of hypometabolism in the GGT

patients (8, 9) in comparison to the PSP patients. The one

CBD patient had an asymmetric parietal hypometabolism

that was not seen in the PSP or GGT patients.

Discussion

We have described FDG-PET imaging findings in patients

with autopsy-confirmed PSP, GGT, and CBD. This is the

first FDG-PET imaging report in patients with a GGT, and

the first time an FDG-PET imaging study has focused on

including only autopsy-confirmed sporadic 4R-tauopathies.

With our findings, we conclude that there are recognizable

FDG-PET imaging patterns of hypometabolism that can

aid the clinician with the in vivo diagnosis of PSP, GGT,

and CBD. In our study, these sporadic 4R-tauopathiesT
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predominantly show a recognizable pattern of hypome-

tabolism bilaterally in the caudate and SMA, with asym-

metric hypometabolism in the midbrain and thalamus.

Although our numbers were small, we did not find con-

sistent unique FDG-PET imaging findings to differentiate

between PSP and GGT. This is not necessarily surprising

given that some GGT cases have overlapping pathological

features with PSP [24]. We did, however, find that our

CBD patient had asymmetric hypometabolism of the

parietal lobe, which has previously been described in

multiple non-autopsy confirmed studies [9–12, 18–21].

The heterogeneity and overlapping features of neuro-

degenerative diseases have led to the use of PET imaging

to help distinguish between them. The goal of this has been

to find unique metabolic patterns among these various

neurodegenerative diseases that can point towards the

correct diagnosis. Due to this heterogeneity, though,

pathologic confirmation should be considered the preferred

gold standard when describing PET imaging findings in

such patients. This heterogeneity has been repeatedly

described in the literature, for example in 2010 when

Dickson et al. [22] reviewed a collection of cases and

studies showing a variety of atypical PSP presentations that

consisted of cortical-predominant and brainstem-predomi-

nant PSP patterns that could be clinically confused with

other neurodegenerative diseases. Because of the com-

monality of heterogeneity, it’s possible that there has been

a skewed selection in prior FDG-PET studies, selecting for

patients with more of a classic clinical presentation of a

disease, whereas atypical or unsuspected presentations

could be excluded or misclassified. This raises the possi-

bility that the pathologically confirmed atypical and

unsuspected presentations could have different patterns of

metabolism that would be important to include in the

collective PET imaging of these diseases.

There has been some attempt in previous studies to

validate the clinical diagnosis with pathologic correla-

tion. However, we could only find two previous studies

in which this was done, but on an incomplete basis and

as a side note. For example, in 2000 Foster et al. [8]

showed pathological confirmation of disease in 4 of the

12 imaged patients with Richardson’s syndrome. Also,

another study that attempted to establish PET imaging

findings that could differentiate among PSP, MSA, and

PD patients mentioned pathological examination done in

9 of the 167 enrolled patients, but the impression from

PET imaging findings correctly correlated with patho-

logical confirmation in only six of the nine patients

examined [17]. These examples further support the

importance of using pathologic confirmation as the gold

standard in imaging studies.

Although our study is unique in its inclusion criteria,

we have noticed that our results predominantly agree

with previous findings of prominent hypometabolism in

the medial frontal cortex, caudate, and thalamus of

patients with PSP. We also observed mild involvement

of the midbrain in a large number of the patients, con-

sistent with previous studies [6–19, 21], known as the

‘‘pimple sign’’ [25]. We did notice a couple of patients

with premotor cortex involvement, which was also spe-

cifically mentioned in previous PSP studies [6, 9–11, 17,

18]. As previously mentioned, our CBD patient demon-

strated asymmetric parietal hypometabolism that is con-

sistent with previous findings, but not quite to the

predominant degree that was typically imaged in past

studies [9–12, 18–21].

Fig. 1 FDG-PET stereotactic surface projections in the ten autopsy-confirmed tauopathies

714 J Neurol (2014) 261:710–716
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In conclusion, our study demonstrates FDG-PET imag-

ing findings in patients with autopsy-confirmed PSP, GGT,

and CBD. These findings may be helpful to clinicians in

differentiating among multiple neurodegenerative diseases.

Our findings show an asymmetric parietal involvement

seen in our one CBD patient that was not seen in PSP and

GGT patients, but there was no differentiating feature on

PET imaging to distinguish between PSP and GGT 4R-

tauopathies. We suggest that PET imaging findings

between these two diseases be further studied in order to

establish whether or not PET can help differentiate

between them. Additional studies of the in vivo imaging of

these and other autopsy-confirmed neurodegenerative dis-

eases will help us better understand and more accurately

diagnose patients and predict pathology.
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