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ABSTRACT
Corticobasal degeneration  (CBD) is a rare neurodegenerative disorder presenting with atypical parkinsonian symptoms that 
characteristically involves the frontoparietal region including the primary sensorimotor cortex, ipsilateral basal ganglia, and 
thalamus, typically in an asymmetric pattern. We aim to evaluate the metabolic and volumetric abnormalities in patients with clinically 
suspected CBD phenotypes utilizing hybrid 18F‑fluorodeoxyglucose (FDG) positron emission tomography–magnetic resonance (PET/
MR) brain imaging. A  retrospective analysis was performed on 75  patients  (mean age 74  years, 31  males and 44  females) who 
underwent  18F-FDG PET/MR imaging  (MRI) as part of their clinical dementia workup. Images were obtained using an integrated 
Siemens mMR 3T PET/MRI scanner. Two board‑certified neuroradiologists and a nuclear medicine physician evaluated the metabolic 
and volumetric data of each hemisphere to assess for symmetric or asymmetric involvement of regions of interest in the subset of 
patients with suspected CBD. Of the 75 patients, 12 were diagnosed with suspected CBD based on a combination of clinical symptoms, 
neurocognitive testing, and hybrid neuroimaging findings. Ten of 12  patients  (87%) demonstrated asymmetrically decreased FDG 
uptake involving a single cerebral hemisphere and ipsilateral subcortical structures, whereas two of 12 patients (13%) demonstrated 
striking hypometabolism of the bilateral sensorimotor cortices. Our study highlights two characteristic patterns of hypometabolism in 
patients with clinical and neuroimaging findings suggestive of the underlying CBD. The first pattern is asymmetric hypometabolism and 
volume loss, particularly within the frontoparietal and occipital cortices with involvement of ipsilateral subcortical structures, including 
the basal ganglia and thalamus. The second, more atypical pattern, is symmetric hypometabolism with striking involvement of the 
bilateral sensorimotor cortices.

Keywords: Corticobasal degeneration, fluorodeoxyglucose, 
hybrid neuroimaging, positron emission tomography/
magnetic resonance imaging

INTRODUCTION

According to the Census Bureau, the United States of America is 
projected to retain its position as the second oldest country in 
the world in 2050, with 21.4% of the population aged 65 years 
or older. Moreover, this number is projected to increase from 
73.5 million to 98.2 million by 2060.[1] Furthermore, clinically 
significant cognitive impairment affects more than 14% of 
the population over 65 years of age and more than 50% of 
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individuals older than 85 years.[2] If this pattern continues, 
we can conservatively estimate approximately 13.8 million 
Americans to have a diagnosis of dementia by 2060.

Neurodegenerative disorders are the leading cause of 
geriatric cognitive impairment and are characterized by 
progressive, cumulative damage to neuronal structure 
and interconnectivity, with a range of clinical symptoms 
including memory loss, decline in executive function, and 
behavioral changes leading to social and occupational 
dysfunction. Correctly diagnosing the etiology of cognitive 
impairment is becoming increasingly important for treatment 
and clinical management strategies.[3,4] However, accurate 
diagnosis is challenging for many clinicians, especially in 
the early stages of disease presentation. The utilization 
of advanced neuroimaging techniques which combine 
anatomical information with functionality is playing an 
increasingly important role in the diagnosis of many dementia 
subtypes. Specifically, combining functional, metabolic, and 
neurotransmitter release data from brain positron emission 
tomography (PET) imaging with anatomic information from 
structural magnetic resonance imaging  (MRI) sequences 
allows for precise and accurate characterization of brain 
regions that may be dysfunctional, thus suggesting the 
underlying neurodegenerative disorder, even before overt 
clinical symptomatology.[4‑7] These data can empower the 
clinician with improved diagnostic capability, management 
of disease progression, and evaluation of possible responses 
to novel dementia therapeutics.

Among the causes of dementia, corticobasal degeneration (CBD) 
is a rare diagnosis which is accurately predicted in 
significantly less than half of pathologically confirmed 
cases antemortem.[6] Clinically, patients with suspected CBD 
demonstrate a progressive movement and neurodegenerative 
disorder with asymmetric symptoms, primarily characterized 
by apraxia, dystonia, postural instability, and an akinetic‑rigid 
syndrome that does not respond to levodopa.[3] Notably, 
it is a neurodegenerative disorder that is associated with 
abnormal tau protein aggregates which form neurofibrillary 
tangles, the primary histopathologic feature of CBD. 
Collectively, the term “tauopathies” encompasses multiple 
neurodegenerative processes, including Alzheimer’s 
dementia, frontotemporal dementia subtypes, including 
the atypical parkinsonian syndromes such as CBD and 
progressive supranuclear palsy (PSP). There exists an overlap 
of clinical phenotypes within the tauopathies, which makes 
distinguishing these entities difficult, especially in daily 
clinical practice. Particularly, CBD and PSP are genetically 
related, but clinically distinct causes of progressive motor 
dysfunction and cognitive impairment. Both diseases present 

with atypical parkinsonism (dystonia, cognitive impairment, 
and eye movement disorders) and a documented history of 
resistance to levodopa treatment.[5] For example, in a recent 
case series by Litvan et al., of 34 patients that were initially 
diagnosed with CBD, 16 were found to have neuropathologic 
confirmation of PSP at postmortem analysis.[6]

There is limited information in the literature regarding the 
metabolic and volumetric changes in patients presenting 
clinically with atypical parkinsonism, in particular, those 
with clinical symptoms compatible with the underlying CBD. 
Notably, prior studies have primarily focused on anatomic 
information and structural MRI data to assess for pertinent 
morphological changes, which are most commonly found in 
the pre/postcentral gyri, basal ganglia, and posterolateral 
putamen.[8‑10] These changes are, unfortunately, nonspecific 
and seen in a multitude of pathologies affecting the brain.

In this study, we present a series of patients presenting 
to dementia/movement disorder clinics at our institution 
with atypical parkinsonism and clinically suspected CBD, 
who then underwent hybrid  18F‑fluorodeoxyglucose  (FDG) 
PET/magnetic resonance  (MR) brain imaging, including 
metabolic and volumetric analysis, as part of their routine 
clinical dementia workup.

MATERIALS AND METHODS

Ethics
This study received local institutional review board  (IRB) 
approval. The IRB waived the need for written informed 
consent given the retrospective nature of the study.

The patients presented to the neurological clinics with 
cognitive impairment and atypical parkinsonian features, 
for which they underwent brain  18F-FDG PET/MRI as part 
of their clinical dementia workup. Our exclusion criteria 
included patients younger than 18 years old, those with a 
clinical indication other than dementia, pregnant women, 
and patients with a fasting blood glucose level >150 mg/dL. 
Additional technical exclusions included patients with 
PET/MRI scans without dedicated brain sequences, deviation 
from standard protocol sequence acquisition, or non‑FDG 
PET/MRI studies.

Prior to imaging, an injection of 5 mCi of FDG was 
administered intravenously. After 40  min of uptake, the 
patients were positioned for brain imaging in a Siemens 
mMR 3T PET/MRI (Siemens Healthcare, Erlangen, Germany) 
scanner with a standard 12‑channel head coil. A dual‑echo 
T1‑weighted gradient‑recalled echo sequence was performed 
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to acquire the MRI attenuation‑correction map based on a 
Dixon segmentation (air, fat, soft tissue, and lungs). Emission 
data were collected for 20 min during the time in which the 
dedicated brain MR sequences were acquired. PET data were 
reconstructed with an iterative 3D ordinary Poisson‑ordered 
subset expectation‑maximization algorithm at 3 iterations 
and 21 subsets and with a 4‑mm Gaussian postreconstruction 
image filter. PET image matrix size was 344 mm ×  344 
mm × 127 mm, and trans‑axial voxel dimensions were 1.04 
mm × 1.04 mm with a thickness of 2.03 mm.

The postprocessing of PET images was performed utilizing 
a custom‑built workflow with MIMneuro version 6.9.5 (MIM 
Software, Inc., Cleveland, OH, USA), including semi‑quantitative 
analyses of age‑matched Z‑score FDG brain data.

MRI data included images from the skull vertex to the foramen 
magnum. Standard high‑resolution 3D Sagittal MPRAGE and 
3D fluid‑attenuated inversion recovery  (FLAIR) sequences 
were used for brain anatomy. Afterward, routine diagnostic 
MRI sequences including T2 Turbo Spin Echo (TSE) in the 
axial and coronal planes, axial susceptibilityweighted imaging 
(SWI), diffusion tensor imaging (DTI), proton density (PD) 
axial imaging, and diffusionweighted imaging was obtained.

3D MPRAGE image data were additionally postprocessed by 
NeuroQuant (2019 CorTechs Labs, Inc  San Diego, CA, USA) 
for semi‑quantitative volumetric analysis.

The 3D FLAIR fat‑suppressed sagittal images were obtained 
using the following parameters: repetition time/echo 
time/inversion time  (TI) of 5000 ms/402 ms/1800 ms, 
respectively; a field of view  (FOV) of 250 mm; voxel size 
of 0.9 mm × 0.9 mm × 0.9 mm; slice thickness 0.9 mm; 
and an acquisition time of 7 min. The 3D sagittal MPRAGE 
sequence was obtained using a repetition time/echo time/TI of 
1700 ms/2.44 ms/841 ms, respectively; FOV of 250 mm; voxel 
size of 1.0 mm × 1.0 mm × 1.0 mm; slice thickness 1.0 mm; flip 
angle of 9°; and acquisition time of 3 min and 58 s. MR‑based 
attenuation‑corrected PET sequence was obtained using a 
repetition time/echo time 1 and echo time 2 of 3.6 ms/1.23 
ms and 2.46 ms, respectively; FOV of 500 mm; voxel size of 
4.2 mm × 2.6 mm × 3.1 mm; slice thickness of 3.12 mm; flip 
angle of 10°; and acquisition time of 19 s. DTI sequence was 
obtained using the following parameters: repetition time/echo 
time 5600 ms/90 ms; FOV of 250 mm; voxel size of 2.0 mm × 2.0 
mm × 4.0 mm; slice thickness of 4 mm; delay of 0 ms; and an 
acquisition time of 3 min and 10 s. T2 TSE in the axial plane 
was obtained using the following parameters: repetition time/
echo time of 4000 ms/96.0 ms; FOV of 230 mm; voxel size of 0.8 
mm × 0.7 mm × 3.0 mm; slice thickness of 3.0 mm with 0 ms 

of delay; flip angle of 150°; and acquisition time of 1 min and 12 
s. T2 TSE in the coronal plane was obtained using the following 
parameters: repetition time/echo time of 4720 ms/96.0 ms, FOV 
of 230 mm; voxel size of 0.8 mm × 0.7 mm × 3.0 mm; slice 
thickness of 3.0 mm with 0 ms of delay; flip angle of 150°; and 
acquisition time of 1 min and 25 s. SWI was obtained in the 
axial plane using the following parameters: repetition time/
echo time of 26 ms/20 ms, FOV of 230 mm; voxel size of 0.8 
mm × 0.7 mm × 1.3 mm; slice thickness of 1.3 mm; flip angle 
of 15°; and acquisition time of 5 min and 2 s. Diffusion images 
were obtained using the following parameters: repetition time/
echo time of 7500 ms/92.0 ms, FOV of 240 mm; voxel size of 1.5 
mm × 1.5 mm × 4.0 mm; slice thickness of 4.0 mm with 0 ms 
of delay; and acquisition time of 2 min and 8 s. PD axial images 
were obtained using the following parameters: repetition time/
echo time 1 and 2 of 2800 ms/10 ms and 93 ms; FOV of 230 
mm; voxel size of 0.9 mm × 0.9 mm × 3.0 mm; slice thickness 
of 3.0 mm with 0 ms of delay; flip angle of 150°; and acquisition 
time of 2 min and 41 s.

Patient selection and image analysis
The patients were referred from dementia/movement 
disorder clinics for 18F-FDG PET/MRI as part of their clinical 
evaluation for signs and symptoms of dementia. A total of 
75 patients with neuropsychological and cognitive testing 
suggestive of underlying neurodegenerative disorder were 
included in this study. The imaging findings in the subset 
of patients with suspected CBD were then discussed with 
the referring clinician by our neuroradiologists and nuclear 
medicine physician prior to consensus.

Two neuroradiology fellowship‑trained board‑certified 
radiologists with dedicated PET/MRI clinical and research 
expertise interpreted the fused brain PET/MRI sequences 
including Neuroquant semi‑quantitative volumetric data 
and classified each dementia subtype blinded to clinical 
history and neurologic exam findings. Along with qualitative 
assessment, 3D MPRAGE MR image data were additionally 
evaluated by NeuroQuant  (2019 CorTechs Labs, Inc. San 
Diego, California, USA) for quantitative volumetric analysis. 
NeuroQuant is a Food and Drug Administration‑cleared 
software that analyzes intracranial volume and compares 
these volumes to a normative database. NeuroQuant 
compares lobar and sub‑lobar cortical volumes to their 
standardized database, which are adjusted for age, sex, 
and volume status. Regions of parenchymal volume loss 
>2 standard deviations from normal controls in the 
standardized atlas were flagged as abnormal. Quantitative 
percentages were assigned to lobar and sub‑lobar areas to 
quantify the extent of parenchymal volume loss. Of note, 
NeuroQuant software provides semi‑quantitative data 
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regarding the aforementioned variables and does not provide 
a dementia diagnosis.

One nuclear medicine physician with 25 years of experience 
in brain PET imaging then separately interpreted the PET 
portion of each PET/MRI brain study with additional surface 
map reconstructions, fused transaxial images, and analysis 
of Z‑score metabolic data utilizing MIMneuro version 6.9.5. 
MIMneuro software runs a region‑based analysis which 
calculates Z‑scores  (number of standard deviations from 
the mean) and asymmetry measurements for individual 
brain regions defined by the Single Brain Atlas and MIM 
Probabilistic anatomical atlas to provide semi‑quantitative 
analysis of hypometabolism. According to the manufacturer, 
the Single Brain Atlas and MIM Probabilistic anatomical atlas 
is composed of 43 individuals (19 females and 24 males) with 
an age range of 41–80 years. The distribution of the normal 
age‑based atlas is as follows: six patients aged 40–49, eight 
patients aged 50–59, 14 patients aged 60–69, 14 patients 
aged 70–79, and one patient aged between 80 and 89. The 
mean age and standard deviation of these 43 individuals are 
63.8 ± 9.98 years. The automated Z‑scores are calculated 
by comparing the patient to the selected age‑matched set 
of normal controls (within 5 years of the patient’s age). Of 
note, MIMneuro software provides semi‑quantitative score 
analysis regarding the aforementioned variables and does 
not provide a dementia diagnosis.

The subset of patients demonstrating imaging findings 
suggestive of CBD were marked independently on data 
collection sheets. After analysis of all the study patients, 
a group review of positive cases was then conducted, 
whereby any discrepancy was resolved by a consensus review 
among the three readers. Supratentorial parenchymal FDG 
uptake was scored by each reader as follows: symmetrical, 
asymmetrical L > R, and asymmetrical R > L cortical atrophy 
and radiotracer uptake. Following supratentorial analysis, 
subcortical structures, specifically basal ganglia and thalami, 
were assessed for volumetric and metabolic changes. 
Subcortical FDG uptake was scored as follows: symmetrical 
or asymmetrical radiotracer uptake.

FDG activity normalization was scaled to the whole 
cerebellum, unless patients were found to have asymmetric 
cerebellar FDG uptake, in which case the supratentorial brain 
uptake was scaled to pontine uptake values. Recent reports 
in the literature with various brain PET tracers investigating 
neurodegenerative diseases have demonstrated variabilities 
associated with cerebellar normalization of PET images. 
Moreover, the utilization of the pons as a reference region 
has reduced variabilities in the longitudinal progression of 
disease entities that involve amyloid deposition and, to a 
lesser extent, tau.[11‑14]

Statistical analysis
Descriptive characteristics were provided using averages, 
standard deviation, and percentiles. The types and numbers 
of final diagnoses were also determined. Semi‑quantitative 
data were compared across hemispheres using two‑tailed 
Student’s t‑test. Values of P  <  0.05 were considered 
statistically significant.

RESULTS

Twelve cases in our dataset of 75 patients demonstrated 
imaging and clinical findings compatible with eventual 
diagnosis of CBD.

The available clinical data including age, sex, Montreal 
Cognitive Assessment (MoCA) scores, and symptomatology 
for the 12 cases with suspected CBD are summarized in 
Table 1. Common presenting symptoms were elicited at 
our institutional dementia/movement disorder clinics 
by a multidisciplinary team including a board‑certified 
neurologist specializing in neurodegeneration and a 
behavioral psychologist. The average and range of MoCA 
scores are displayed in the third column  (score of 26/30 
or higher is normal). Documented clinical symptoms 
were present for a minimum of 1  year and are listed in 
descending order by prevalence. The far‑right column 
presents relevant findings within individual neurocognitive 
exams, in descending order.

Table 1: Clinical and demographic data of patients with suspected CBD on the basis of clinical assessment and imaging findingsl

Number of Patients by 
Sex

Average Age Average MoCA 
score (range)

Common Presenting 
Symptoms that are present 

for > 1 year

Common Findings on 
Neurocognitive Testing

3 Male
9 Female

74.6 21.2 (15-23)

Standard Devation 3.3

Progressive memory loss (10/12)

Gait Disturbance (5/12)
Behavioral changes (3/12)

Delayed recall (7/12)
Impaired clock drawing (7/12)
Visio-spatial memory (7/12)
Gait ataxia (5/12)
Language deficit (3/12)
Visio-spatial deficits (3/12)
Dysdiadochokinesia (2/12)
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On (F18)‑FDG PET/MR brain imaging, 10 of the 12 patients with 
suspected CBD demonstrated characteristic asymmetrically 
decreased supratentorial FDG uptake, with hypometabolism 
involving a single hemisphere and subcortical structures, 
including the ipsilateral basal ganglia and thalamus. These 
same patients had clinical symptoms more pronounced on 
the contralateral side. Two of the twelve patients had a more 
atypical, symmetric pattern of decreased supratentorial 
FDG uptake, with striking involvement of the bilateral 
sensorimotor cortices. These patients demonstrated 
relatively symmetric clinical symptoms. The regions of 
interest (ROIs) that best separated our CBD cases from other 
neurodegenerative diseases included the frontoparietal 
sensorimotor cortex  (precentral and postcentral gyri), 
occipital lobe, thalamus, and basal ganglia.

Within the ten patients with a markedly asymmetric 
pattern of hypometabolism between the left and right 
cerebral hemispheres, the findings were particularly 
pronounced in the sensorimotor cortex of the frontoparietal 
lobes, precuneus, and occipital lobe of the affected 
cerebral hemisphere. Additional ROIs within the ipsilateral 
subcortical structures, including the basal ganglia and 
thalamus, also demonstrated markedly asymmetric FDG 
uptake. In these patients with striking hemispheric 
asymmetry, the primary motor cortex  (precentral gyrus) 
average metabolic FDG Z‑scores generated by MIMneuro 
software in the affected and unaffected sides were  −3.6 
versus  −1.46, respectively  (P  =  0.011). The primary 
sensory cortex  (postcentral gyrus) had average Z‑scores 
of  −2.93 versus  −0.62 in the affected and unaffected 
sides, respectively (P = 0.05). Furthermore, the majority of 
patients with asymmetric patterns (72%) also demonstrated 
corresponding atrophy on structural MRI with ipsilateral 
sensorimotor cortex volumes in the <5th percentile for age 
per semi‑quantitative Neuroquant analysis. In most cases, as 
detailed by the symptomatology in Table 1, these imaging 
findings corresponded with the patient’s side of symptoms.

Figures  1a‑e demonstrates an example of a patient with 
clinical and imaging findings most suggestive of CBD, with 
striking hemispheric asymmetry in radiotracer uptake. 
Cortical surface maps  [Figure  1a] demonstrate markedly 
reduced FDG uptake within nearly the entire left cerebral 
hemisphere, including markedly decreased radiotracer 
uptake in the left sensorimotor cortex, left basal ganglia, left 
thalamus, left anterior and mid cingulate gyrus, and in the 
left occipital lobe. These findings are further highlighted on 
the trans‑axial fusion FLAIR and FDG‑PET views [Figure 1b], 
a select fusion FLAIR/PET axial image through the subcortical 
structures  [Figure 1c] and on the FLAIR MRI and FDG‑PET 

images with semi‑quantitative Z‑score overlays [Figure 1d], 
which provide more insight into the anatomy and distribution 
of left‑dominant hypometabolism patterns. Semi‑quantitative 
analysis of FDG brain Z‑scores calculated in comparison to 
age‑matched normal controls in tabular format [Figure 1e] 
for this patient also revealed markedly decreased values in 
numerous regions of the left cerebral hemisphere, including 
statistically significant decreased FDG uptake values for age 
in the precentral and postcentral gyri of the left sensorimotor 
cortex (Z‑scores of −2.8 and −2.3, respectively).

Two of the twelve patients with suspected CBD demonstrated 
a more atypical pattern of symmetrically decreased FDG 
uptake, which was most striking in the bilateral pre‑  and 
postcentral gyri of the primary sensorimotor cortex, with 
corresponding volumetric abnormalities in these ROIs on 
anatomic MRI sequences. For example, in the first case, 
hypometabolism in the primary motor cortex  (precentral 
gyrus) demonstrated statistically significant decreased FDG 
Z‑score values of −1.88 on the left and −1.69 on the right 
and within the primary sensory cortex (postcentral gyrus), a 
Z‑score of −1.66 on the left and −1.95 on the right.

Figure 2a‑e provides an example of a patient with clinical 
and imaging findings most suggestive of CBD with symmetric 
imaging pattern, including striking hypometabolism 
in the bilateral sensorimotor cortices. Cortical surface 
maps  [Figure  2a] demonstrate abnormal FDG distribution 
patterns with moderately decreased tracer activity within 
the bilateral frontoparietal region, specifically involving the 
postcentral and precentral gyri bilaterally with preserved 
normal radiotracer uptake in the subcortical structures 
including in the thalami and basal ganglia. These findings 
are further highlighted on the transaxial fusion FLAIR and 
FDG‑PET views  [Figure  2b], select fusion FLAIR/PET axial 
image through the sensorimotor cortex and coronal image 
through the subcortical structures  [Figure  2c], and FLAIR 
MRI and FDG‑PET images with semi‑quantitative Z‑score 
overlays  [Figure  2d], which also allows for more detailed 
anatomic localization. Semi‑quantitative analysis using 
Z‑scores calculated in comparison to age‑matched healthy 
controls [Figure 2e] confirmed significantly decreased values 
in the bilateral parietal lobes, including in precentral and 
postcentral gyri of the sensorimotor cortex (Z‑scores of −1.88 
and  −1.66 in the left and  −1.69 and  −1.95 in the right 
precentral and postcentral gyri, respectively). While these 
findings could relate to a similar clinical entity such as 
PSP, the predominant pathological imaging features were 
more pronounced in the pre/post central gyri, thalami, and 
subcortical structures, which allowed us to suggest pathology 
more consistent with CBD rather than PSP, which typically 
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demonstrates volume loss in the midbrain and infratentorial 
ROIs. Moreover, correlation with the electronic medical 
record and neurology teams allowed us to confirm physical 
exam findings and neurocognitive testing data consistent 
with a predominant sensory/motor deficit with preserved 
language, which enhanced our diagnostic efficiency.

Notably, nine of the twelve patients demonstrated congruence 
of findings of metabolic and anatomic abnormalities where 
regions of hypometabolism corresponded to regions of 
volume loss, suggesting hypofunction of residual neurons 
in the regions affected by neurodegenerative process. The 
remaining three patients demonstrated hypometabolism 
without preferential volume loss on the affected side.

DISCUSSION

There is limited data in the scientific literature describing 
metabolic and volumetric changes in patients with atypical 
parkinsonian syndromes and in particular, those with 
suspected underlying CBD. Of note, prior imaging studies 

mainly describe structural changes that may support a clinical 
diagnosis of CBD; however, to date, the ability to accurately 
diagnose patients with CBD premortem is limited.[10]

Furthermore, it is essential to accurately distinguish 
between clinical symptomatology and histopathologic 
tissue classification of disease. CBD and corticobasal 
syndrome  (CBS) are overlapping yet frequently confused 
terms used to define diseased tissue of neurons/glial 
cells, and the aforementioned symptomatology that 
precedes an eventual final tissue diagnosis.[6‑8] Recent 
guidelines suggest that merely a diagnosis of CBD is no 
longer reflective of the clinicopathologic findings and 
that CBD exists as an umbrella term, encompassing four 
distinct clinical phenotypes: CBS, frontal behavioral‑spatial 
syndrome, nonfluent/agrammatic variant of primary 
progressive aphasia, and PSP syndrome (PSPS).[9] Therefore, 
while PSPS may present clinically as CBD phenotype, it 
is much more likely to represent PSP on histopathology, 
rather than underlying CBD per se. This specific dilemma 
demands careful imaging correlation with neurocognitive 

Figure 1: (a)   Cortical fluorodeoxyglucose‑positron emission tomography surface maps. (b)   Transaxial fusion images (axial fluid‑attenuated inversion recovery 
and positron emission tomography). (c) Select fusion fluid‑attenuated inversion recovery/positron emission tomography axial image through the subcortical 
structures. (d)   Fluid‑attenuated inversion recovery‑magnetic resonance imaging and positron emission tomography images with semi‑quantitative Z‑score 
overlays. (e)   MIMneuro Z‑score fluorodeoxyglucose brain data in tabular format
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assessment, response to pharmacotherapy, and detailed 
physical/neurologic exam that categorizes a primary motor 
or language deficit.

In patients with CBD, structural findings are often subtle 
and anatomic MRI sequences may reveal asymmetric atrophy 
involving the posterior frontal and parietal regions including 
atrophy of the ipsilateral primary sensorimotor cortex, 
corresponding to the clinically notable asymmetry in motor 
deficits. Furthermore, subcortical structures such as the 
basal ganglia, thalami, and corpus callosum may be involved, 
demonstrating various stages of atrophy. Corresponding 
FLAIR sequences may reveal white‑matter hyperintensity in 
the atrophic frontoparietal sulci, presumably reflecting the 
underlying neuronal degeneration.[15,16]

In recent years, investigators have proposed functional 
imaging studies as an additional diagnostic imaging tool 

to aid in differentiating CBD from other neurodegenerative 
entities.[17‑20] Prior 18F-FDG PET brain studies demonstrated 
decreased regional cerebral metabolic rate most commonly 
in the frontal and parietal cortices of a single hemisphere 
as well as in the ipsilateral thalamus and basal ganglia. 
Furthermore, the primary sensorimotor cortex was noted 
to be markedly affected in some patients with CBS, which 
is typically spared until very late in the disease process in 
most other neurodegenerative syndromes. Another study 
revealed lower metabolism in the inferior parietal lobule, 
precuneus, and lateral occipital cortex of the more affected 
hemisphere in patients with suspected CBD. Regional 
asymmetries were consistently found, with more severe 
hypometabolism contralateral to the more involved side 
of the body. However, a few studies report symmetrical 
hypometabolism in the presence of asymmetric clinical 
deficits (particularly in the sensorimotor cortex) or a reversed 
asymmetry in a few patients.[18‑20] Of note, metabolic PET 

Figure  2:  (a) Cortical fluorodeoxyglucose‑positron emission tomography surface maps.  (b) Transaxial fusion images  (axial fluid‑attenuated inversion 
recovery and positron emission tomography). (c) Select fusion fluid‑attenuated inversion recovery/positron emission tomography axial image through 
the sensorimotor cortex and coronal views through the subcortical structures. (d) Fluid‑attenuated inversion recovery‑magnetic resonance imaging and 
positron emission tomography images with semi‑quantitative Z‑score overlays. (e) MIMneuro Z‑Score fluorodeoxyglucose brain data in tabular format
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brain imaging may be particularly useful in differentiating 
CBD cases from other rare neurodegenerative disorders 
presenting with atypical parkinsonian syndromes, including 
PSP, due to their overlapping clinical features and oftentimes 
subtle findings on anatomic MRI. Specifically, patients 
with CBD typically demonstrate striking hemispheric 
asymmetry on functional imaging, with hypometabolism 
predominantly involving the frontoparietal cortex as well 
as the ipsilateral thalamus and basal ganglia, as compared 
to the classic anterior cortical  (paramedian frontal lobe) 
and mesencephalic hypometabolism typically present in 
PSP patients.[15‑16,20]

These previously described, characteristic metabolic and 
structural neuroimaging findings were confirmed in majority 
of the 12 patients in our cohort presenting with atypical 
parkinsonism and additional clinical features suggestive 
of CBD undergoing hybrid  18F-FDG PET/MR imaging as 
part of their routine neurodegenerative disease workup, 
with the majority of patients demonstrating asymmetric 
supratentorial hypometabolism, with decreased FDG uptake 
particularly pronounced in the primary sensorimotor 
cortex (pre‑ and postcentral gyri), ipsilateral occipital lobe, 
precuneus, thalamus, and basal ganglia. However, in two 
of our twelve patients, we noted a more atypical pattern 
of striking hypometabolism centered in the precentral 
and postcentral gyri of the primary sensorimotor cortex 
bilaterally, with relative sparing of the subcortical structures 
and other brain regions. Furthermore, in correlating the 
metabolic and anatomic abnormalities of our 12 patients, 
the majority demonstrated congruent findings with regions 
of hypometabolism corresponding to structural volume 
loss, suggesting hypofunction of residual neurons in the 
regions affected by neurodegenerative process, as has been 
previously described in literature for other pathologies.[21]

Limitations
Limitations of this study include the retrospective nature 
of the research and selection of cases, predominantly 
dependent on our referring clinicians and as such can be 
skewed. In addition, there was variability in the cognitive 
and neuropsychological testing performed, which limited 
our ability to obtain a standardized neuropsychological 
evaluation among all patients. The small sample size and 
lack of pathologic confirmation of diagnosis in these cases 
are also inherent limitations to this work.

CONCLUSION

Advanced neuroimaging techniques, particularly hybrid brain 
PET/MRI studies, may help stratify patients presenting with 

atypical parkinsonism into more specific categories, including 
CBD, and allow for earlier, more specialized and targeted 
treatment of the underlying neurodegenerative disorder. Our 
study emphasizes the importance of routine assessment for 
two key imaging features present in patients with suspected 
CBD: subcortical hypometabolism ipsilateral to the cerebral 
hemisphere featuring decreased cortical FDG uptake and 
second, bilateral involvement of the pre‑  and postcentral 
gyri of the primary sensorimotor cortex.
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