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Modern functional brain mapping techniques,
such as PET, single-photon emission CT (SPECT),
functional MRI (fMRI), electroencephalography,
magnetoencephalography, optical imaging, and
neuroanatomic tools, have been used for assess-
ing the functional organization of the human
brain."? Through these techniques, neuroscience
has progressed to a great extent in the under-
standing of the brain in health and disease. A
comprehensive overview of these techniques and
associated technologies is beyond the scope of
this review, which focuses on recently developed
high-resolution PET systems and dual-modality
PET-MR units dedicated for brain imaging, partic-
ularly in the context of the assessment of dementia
and related disorders.

The tendency in MR instrumentation develop-
ment is to go for higher field strength to increase
the signal-to-noise ratio in the resulting MRIs and
as such achieving the highest possible field
strength was strived for.®> Although 3 T is
becoming the state-of-the-art for clinical MRI,
ultra—high-field MR systems are receiving consid-
erable attention in preclinical* and clinical brain
research. Several 7-T commercial scanners have
become operational® whereas experimental 8-
and 9.4-T scanners are under investigation.®

Alternatively, the demand for functional, meta-
bolic, and molecular imaging of the brain” has
stimulated the development of dedicated high-
resolution PET systems.?°

To respond to the requirements of emerging
clinical and research applications of correlated
anatomic and functional brain imaging, several
innovative developments in high performance
standalone (PET and MRI) and dual-modality
imaging instrumentation combining modalities
have been proposed or are currently under design
or testing. The development of combined PET-MR
systems allowing simultaneous or sequential PET
and MR brain imaging is an active research
area.'®'" This article discusses recent advances
in multimodality brain imaging and the role of
correlative fusion imaging and advanced quantita-
tive imaging procedures in the clinical setting.
Future opportunities and challenges facing the
adoption of multimodality brain imaging also are
addressed.

NEUROIMAGING IN THE DIAGNOSIS
OF DEMENTIA AND RELATED DISORDERS

Neuroimaging is recommended by the 2001 prac-
tice parameters of the American Academy of
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Neurology in the setting of neurodegenerative
dementia and related disorders.? Structural brain
imaging, preferably using MRI, not only rules out
strokes, chronic subdural hematomas, cerebral
neoplasms, or normal pressure hydrocephalus
but also reveals characteristic patterns of regional
atrophy that are commonly associated with clinical
diagnosis.

In Alzheimer disease (AD), most investigators
focused on reduced volume in the hippocampus
or entorhinal cortex,’® 9 although its usefulness
compared with clinical assessment alone has
been questioned.?® Other MRI-based studies re-
ported atrophy in the superior parietal cortex and
posterior cingulate/precuneus.?'2% In frontotem-
poral dementia (FTD), atrophy is predominant in
frontotemporal regions, depending on the clinical
phenotype (ie, bilateral medial frontal or right
frontal in the behavioral variant, left inferior
frontal/left insula in the progressive nonfluent
aphasia variant, and anterior temporal in the
semantic dementia variant).26-3¢

Structural neuroimaging is less specific in the
diagnosis of other non-AD neurodegenerative
dementias and related disorders. Hippocampal
atrophy is present in Lewy body dementia (LBD)
and Parkinson disease dementia but to a lesser
degree than in AD.®31-34 Predominant asymetric
frontoparietal and midbrain atrophy is found,
respectively, in corticobasal degeneration (CBD)
and supranuclear palsy (PSP).3537

Although not recommended by the 2001 prac-
tice parameters of the American Academy of
Neurology, functional brain PET imaging using
['8F]-fluorodeoxyglucose (FDG)*®3° and amyloid
plaque tracers (mostly ''C-labeled Pittsburgh
compound B)*° are increasingly used in the diag-
nosis of most common dementias.*! The latter is
still under investigation and not widely available
for clinical use.

In AD, FDG-PET reveals hypometabolism in the
precuneus/posterior cingulate and the lateral pari-
etotemporal cortex*?=%5 with sensitivity of 93%
and specificity of 76%.46 FDG-PET may be useful
in distinguishing AD from FTD*"+*® or from vascular
dementia.*® Amyloid PET tracers may also help to
discriminate early AD or mild cognitive impairment
from normal controls,®°=%2 and AD from FTD.5354
In FTD, FDG-PET supports the diagnosis but is
not part of the Neary criteria.?® It might be more
sensitive than structural MRI in its early stages
because hypometabolism in the frontotemporal
regions may precede atrophy.5¢:57

In LBD, FDG-PET studies demonstrated parie-
totemporal and occipital hypoactivity*®58-1 and
low dopaminergic activity in the striatum using
dopamine transporter imaging with '2%-FP-CIT

SPECT.%%%% |n CBD and PSP, when compared
with each other or to controls, the former exhibited
asymmetric hypometabolism in frontoparietal
regions and lenticular nuclei whereas the latter ex-
hibited asymmetric hypometabolism in frontal
cortex, thalamus, and midbrain.*%" Neverthe-
less, currently available studies, often based on
longitudinal changes over time, primarily evaluate
structural and metabolic changes in groups of
patients and are often inadequate to rely upon
when evaluating individual patients.

Diagnosis of main dementias and related disor-
ders at an early stage remains a challenge
because of overlaps not only between main clinical
diagnosis but also with normal aging.® Additional
carefully designed clinical trials are needed to
better validate structural MRI and FDG-PET (and
other probes) as a diagnostic biomarker. Several
studies have focused on correlated structural
and functional data analysis involving coregistra-
tion of multimodality images. In AD, the hypoactiv-
ity in the posterior cingulate and in the precuneus
remained significant after partial volume effect
(PVE) correction using FDG-PET,®®72 although
other investigators suggested that the hypome-
tabolism in the precuneus could at least be partly
explained by the regional atrophy.”® This discor-
dance between atrophy and hypometabolism
was present at the predementia stage where
posterior cingulate/precuneus hypometabolism
was associated with early memory deficits and
left temporal hypometabolism marked the conver-
sion to AD.”* In LBD, FDG-PET findings report
significant hypometabolism in the temporal, pari-
etal, occipital, and frontal areas compared with
those in the normal control group.®©

OVERVIEW OF DEDICATED
INSTRUMENTATION FOR MULTIMODALITY
BRAIN IMAGING

Fig. 1 highlights the historical developments of
brain PET imaging showing the improvement in
image quality and spatial resolution as conse-
quence of the noticeable improvement in PET
instrumentation and image reconstruction tech-
niques. As in whole-body imaging, high-detection
sensitivity and spatial resolution and high-contrast
and contrast resolution are the main concerns for
imaging system design and constitute the basic
requirements to achieving appropriate levels of
image quality and quantitative accuracy. Thus,
different dedicated brain PET designs have been
and are still being developed in academic and
corporate settings, with only a few units offered
commercially. More recently, advanced versions
of these technologies have begun to be used in
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Fig. 1. lllustration of the significant improvement in clinical FDG brain PET image quality and spatial resolution
resulting from the improvement in scanner performance for each generation during the past 3 decades. (Repro-
duced from Siemens Medical Solutions, Knoxville, TN; with permission.)

the study of brain function in myriad clinical and
experimental settings.

To meet the objectives set by the molecular neu-
roimaging community, new-generation, high-reso-
lution, 3D-only brain PET tomographs have been
designed.®® Current existing commercial brain
PET technology (eg, the ECAT-high-resolution
research tomograph [HRRT] developed by CTI-
Siemens’®) and other dedicated prototype designs,
including G-PET’® (developed at the University of

Pennsylvania) and the Hamamatsu SHR-12000,””
constitute state-of-the-art high resolution PET
instrumentation dedicated for brain research. The
HRRT consists of octagonal arrangements (42.4
cm face to face) of phoswich scintillator block
detectors made of 2 layers of 64 small lutetium oxy-
orthosilicate (LSO) crystals (each 2.1 x 2.1 x 7.5
mm3) with 2 different decay times (At ~7 ns). The
crystals (15 mm total active length) are oriented
normal to the octagon sides, hence essentially
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pointing in radial direction. The geometry of the G-
PET brain scanner is similar to that of the HEAD
PENN-PET”® (developed at the University of Penn-
sylvania); however, the detector technology and
electronic components have been redesigned to
achieve improved performance. This scanner has
a detector ring diameter of 42 cm and an axial field
of view (FOV) of 25.6 cm and operates only in fully 3-
D mode. It comprises 18,560 (320 x 58 array) 4 x 4
x 10 mm® gadolinium samarium oxalate (GSO)
crystals coupled through a continuous light guide
to 288 (36 x 8 array) 39-mm photomultiplier tubes
in a hexagonal arrangement. Alternatively, the
gantry and bed motions of the Hamamatsu SHR-
12000 were designed specifically to allow subjects’
scanning in lying, sitting, and standing postures,
thus giving the possibility to research investigators
of performing activation studies with high flexi-
bility.”” This scanner has a diameter of 50.8 cm
and an axial FOV of 16.3 cm. It comprises 11,520
crystals arranged in 24 detector rings and 8 x 4
(2.8 x 6.55 x 30 mm?® per crystal) bismuth germa-
nate (BGO) detector blocks readout by compact
position-sensitive PMTs. The scanner can be oper-
ated in 2-D or 3-D data acquisition modes when the
interplane septa are retracted. Another design
providing 4-layer depth-of-interaction (DOI) infor-
mation, referred to as the jJPET-D4 scanner (devel-
oped at the National Institute of Radiological
Sciences, Chiba, Japan), was also developed with
the aim of achieving high spatial resolution and

high sensitivity by exploiting the DOl information ob-
tained from multilayered thin crystals.”® The system
consists of 5 rings of 24 detector blocks each, each
block consisting of 1024 GSO crystals (2.9 x 2.9 x
7.5 mm®) arranged in 4 layers of 16 x 16 arrays.

Many conceptual designs developed specifically
for small animal and nonhuman primates imaging
could be applied equally well to high-resolution
human brain imaging by increasing detector ring
diameter and adapting the detector components
accordingly. One such example is the clearPET
Neuro scanner (developed by the Crystal Clear
collaboration) dedicated for nonhuman primates
imaging,® which uses a phoswich detector block
combining 2 10-mm crystal layers of lutetium-
based (LSO:Ce and LuYAP:Ce) scintillators
segmented into 64 (8 x 8) detection elements
with a cross section of 2 x 2 mm? coupled to multi-
channel photomultiplier tubes. The axial brain PET
concept, which aimed to provide full 3-D recon-
struction free of parallax errors with excellent
spatial resolution over the total detector volume,
was also recently suggested.®! The detector
modules consist of matrices of long axially oriented
scintillation crystal bars, which are individually
coupled on both ends to photodetectors. This
design was improved by allowing the derivation of
the axial coordinate from wavelength shifting
plastic strips orthogonally interleaved between
the crystal bars and readout by Geiger-mode
avalanche photodiode arrays.®?

Fig. 2. Photographs of dedicated brain PET scanners showing (A) the HRRT camera based on LSO scintillation crys-
tals and the phoswich concept, (B) the GSO-based PET (G-PET) camera, (C) the Hamamatsu SHR-12,000 PET scanner
based on BGO detector blocks, (D) the jPET-D4 brain PET scanner, (E) the NeuroPET, and (F) the PET-Hat wearable

PET system.



More recently, a novel platform, the NeuroPET
(PhotoDetection Systems Inc, Boxboro, MA,
USA), was proposed and made commercially avail-
able.®® The Rat Conscious Animal PET (RATCAP;
developed at Brookhaven National Laboratory, Up-
ton, NY, USA)—a complete 3-D tomograph de-
signed to image the brain of an awake rat,?* like
the PET-Hat (developed at Kobe City College of
Technology, Kobe, Japan) wearable PET
system—was also recently developed.®® Because
semiconductor detectors usually have higher-
energy resolution compared with scintillation
crystals. A new semiconductor-based brain PET
scanner using a DOI detection system to reduce
parallax error, thus achieving high spatial resolution
and reduced scatter fraction, was proposed.®®
Fig. 2 shows photographs of the some of the
designs.

Few studies focused on the comparative
assessment of the resulting spatial resolution and
quantitative accuracy of brain imaging using dedi-
cated high-resolution brain scanners with conven-
tional whole-body designs. Although the Biograph
6 (Siemens Medical Solutions) PET-CT system
was reported to have similar performance charac-
teristics as the HR+ (Siemens Medical Solutions)
for neuroimaging studies,®” the higher pharmaco-
kinetic parameter estimates obtained from the
HRRT versus ECAT-HR+ (both manufactured by
Siemens Medical Solutions) PET studies indicate
improved HRRT PET quantification primarily due
to a reduction in PVE.® This raises the issue of
transfer of normal databases between PET
systems with different performance characteris-
tics for which some solutions have been
suggested.

The availability of correlated functional (PET)
and anatomic images (MRI) was exploited in
a variety of clinical neurologic applications,
including for cerebrovascular disorders, brain
trauma, stroke, epilepsy, dementia, Parkinson
disease, brain tumor, and mental disorders, such
as depression, schizophrenia, and obsessive-
compulsive disorders, as well as for localization
of functional neuroactivation detected with PET.
Software-based image registration has been
successfully applied to neurologic studies (partic-
ularly for nonspecific tracers, such as FDG), where
the skull provides a rigid structure that maintains
the geometric relationship of structures within the
brain and are now used routinely for clinical proce-
dures at most institutions.®%°° Although such
methods are fully automated, their performance
depends on many physiologic and technical
aspects; further research is being conducted to
evaluate their suitability in different clinical situa-
tions and their potential use in motion correction

Quantitative Brain Image Analysis

frequently encountered during lengthy PET scan-
ning protocols.®’

Contrary to hardware-based hybrid imaging
combining PET and CT (PET-CT) systems in
a single gantry to allow sequential scanning, which
was successfully introduced in clinics in the begin-
ning of this decade, combining PET with MR to
allow simultaneous acquisition of spatially and
temporally correlated PET-MR data sets is techni-
cally more challenging owing to the strong
magnetic fields in the MR subsystem. The history
of combined PET-MR dates back to the mid-
1990s, however, before the advent of PET-CT.%?
Despite the challenges and technical difficulties,
a clinical PET-MR prototype (BrainPET, Siemens
Medical Solutions) dedicated for simultaneous
PET-MR brain imaging was developed and
installed in a few institutions for validation and
testing.'® Fig. 3 illustrates the conceptual design
and photograph of the integrated MR/PET scanner
showing isocentric layering of MR head coil, PET
detector ring, and MR magnet tunnel together
with concurrently acquired clinical MR, PET, and
fused MR/PET images. The system is being as-
sessed in a clinical setting by exploiting the full
potential of anatomic MRI in terms of high, soft
tissue contrast sensitivity in addition to the many
other possibilities offered by this modality,
including blood oxygenation level-dependent
imaging, fMRI, diffusion-weighted imaging, perfu-
sion-weighted imaging, and diffusion tensor
imaging.®® A second sequential combined PET-
MR system was also designed for molecular-
genetic brain imaging by docking separate PET
and MR systems together so that they share
a common bed, which passes through the FOV
of both cameras."" This is achieved by combining
2 high-end imaging devices, the HRRT and a 7-T
MRI with submillimeter resolution.

QUANTITATIVE ANALYSIS
OF BRAIN PET DATA

Subjective qualitative visual interpretation or semi-
quantitative analysis approaches involving oper-
ator-dependent and time-consuming manual
volume-of-interest delineation techniques have
been performed for decades and still are used
routinely in many nuclear medicine departments.
In the past few years, however, spatial normaliza-
tion (or anatomic standardization) methods have
become popular and widely available, thus allow-
ing voxel-based analysis to be made. This has
had an enormous contribution to PET activation
studies and other studies involving the assess-
ment of functional changes associated with neuro-
pathology. Anatomic standardization allows the
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Fig. 3. Drawing and photograph of integrated MR/PET design showing isocentric layering of MR head coil, PET
detector ring, and MR magnet tunnel (left). Simultaneously acquired MR, PET, and fused combined MRI/PET
images of a 66-year-old man after intravenous injection of 370 MBq of FDG. Tracer distribution was recorded
for 20 minutes at steady state after 120 minutes (right). (Adapted and reprinted from Schlemmer HP, Pichler
BJ, Schmand M, et al. Simultaneous MR/PET imaging of the human brain: feasibility study. Radiology

2008;248:1028-35; with permission.)

transformation of brain images of individual
subjects into a standard coordinate system, such
as the stereotactic coordinate system proposed
by Talairach and Tournoux.®* Several methods
for spatial normalization of brain images have
been reported in the scientific literature, including
Human Brain Atlas,®® Statistical Parametric
Mapping (SPM) software package (Wellcome
Trust Centre for Neuroimaging, UCL Institute of
Neurology, University College London, London,
United Kingdom),®® and 3D Stereotactic-Surface
Projections (SSP) method developed by Minoshi-
ma and colleagues.®”

The Human Brain Atlas uses morphologic infor-
mation provided by PET-registered MRI.®® The
accuracy of the method is limited, however, by
the precision that can be achieved by the coregis-
tration procedure used to realign PET and MRI.
SPM is among the state-of-the-art packages for
statistical analysis of neuroimaging data including
PET, SPECT, and fMRI. It is well documented,
freely available, technically supported by well-
established brain imaging centers,®® and widely
used by the neuroimaging community. The tech-
nique relies on morphologic images for the trans-
formation into a standard coordinate system and

has been extensively used to distinguish which
structures of the brain are significantly activated
by a neuroactivation task for a group of subjects
or to identify which areas of the brain present
with significant differences in metabolism (or cere-
bral blood flow) when comparing patient images
with those of healthy volunteers. The steps
involved in the statistical analysis of brain images
include (1) spatial normalization of brain images
into a standard stereotactic space for subsequent
voxel-based analyses, (2) gaussian smoothing to
correct for interindividual differences in underlying
brain structures and allow the application of the
general linear model approach for consecutive
statistical analysis, and (2) the construction of
statistical parametric maps.

Originally, SPM was developed for PET activa-
tion studies on healthy volunteers and was not in-
tended for clinical application to diseased brains.
For this reason, NEUROSTAT (Department of
Internal Medicine, University of Michigan, Ann
Arbor, MI, USA) was specially designed for statis-
tical comparison between a normal database and
diseased brains presenting with focal metabolic
(perfusion) lesions.®” The technique projects the
cortical activity visualized in a 3-D volume image



onto the brain surface to generate a surface repre-
sentation of the cortical activity distribution. This
method was combined with the previously
proposed standardization method by the same
group, and the entire process referred to as 3D-
SSP NEUROSTAT.

Among the commercial software packages,
Brain Registration and Automated SPECT Semi-
quantification (BRASS) (Nuclear Diagnostics, Ha-
gersted, Sweden) was designed for routine clinical
brain SPECT and PET applications and allows
2 complementary quantitative comparisons of
patient images with a 3-D reference atlas created
from images of healthy volunteers: (1) a voxel-
wise method and (2) an ROI-based regional anal-
ysis. The first can distinguish small defects but is
sensitive to small registration errors and to the
quality of the template whereas the second deter-
mines the mean and z scores within 3-D regions

Quantitative Brain Image Analysis

defined by a region map that has been matched
to the template.®® Fig. 4 illustrates transverse
views of an FDG-PET image of a patient with prob-
able AD. The 3-D anatomically standardized brain
PET template, the quantified defect for this patient,
and the z score image obtained by the automated
BRASS quantification procedure are also shown.
PMOD (PMOD Technologies, Zurich, Switzerland)
is another popular commercial multimodality
medical imaging package based on a large FDG
database of normal subjects acquired in a multi-
center trial®® for the discrimination between AD
and controls. The PMOD Alzheimer discrimination
analysis tool is an authorized implementation of
this methodology. This method, although not
approved for clinical use, may be used to analyze
FDG-PET scans of patients with suspected AD for
automatic discrimination analysis. The results
point out brain areas with significant uptake

Fig. 4. lllustration of MRI-guided PVE correction impact in functional brain PET imaging showing for a patient
with probable AD the original T1-weighted MRI (A) and PET images before (B) and after (C) PVE correction.
The arrows point to evidence that the hypometabolism extends beyond the atrophy.
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reduction (P<.05) and indicate a criterion of scan
abnormality together with its error probability.
Several neuroimaging studies have been per-
formed with the aim of evaluating the functional
changes in healthy elderly brains and in patients
with neurodegenerative diseases. The accurate
measurement of tracer concentration, however,
is corrupted by various physical degrading factors,
including positron range,'® limited spatial resolu-
tion and resulting PVE,"®" contribution from scat-
tered photons,’%? photon attenuation,'®® patient
motion,'%* and the image reconstruction algo-
rithm.°% Attenuation of photons degrades the
visual quality and quantitative accuracy of PET
images, thereby adversely affecting qualitative
interpretation and quantitation of activity

concentration. Accurate attenuation correction
is, therefore, mandatory in quantitative PET image
reconstruction and plays a pivotal role in clinical
leads to

PET scanning protocols.’®® PVE

underestimation of the activity concentration in
small structures of the brain (ie, with dimensions
smaller than approximately 2-4 times the full width
at half maximum of the scanner’s point spread
function). This problem is accentuated in the pres-
ence of brain atrophy, such as that encountered in
AD, where this diluting effect is more pronounced.
Compensation for PVE is then mandatory to
offer the possibility of distinguishing the loss
of radiotracer uptake due to PVE from the true
metabolic values that decline with age or
neuropathology.5%-106

PVE compensation wusually involves the
following steps: (1) characterization of the point
spread function of the imaging system, (2) charac-
terization of the tissue components that partici-
pate in the uptake and metabolism of the tracer,
and (3) characterization of the resolution effects
in terms of correction factors or maps. PVE correc-
tion methods in brain PET may or may not require

Fig. 5. Illustration of MRI-guided PVE correction impact in functional brain PET imaging showing for a patient
with FTD the original T1-weighted MRI (A) and PET images before (B) and after (C) PVE correction. The arrow
points to evidence that the hypometabolism matches the atrophy.



the availability of additional structural information
from MRI of the same subject. MRI-guided PVE
correction algorithms require as input segmented
MRIs coregistered to PET data. It is assumed,
therefore, that each segment of the activity distri-
bution model represents a distinct and homoge-
neous activity distribution. Variants of this class
of algorithms have been suggested and imple-
mented successfully in a growing number of
research  studies.’ Popular voxel-based
approaches consider a heterogeneous distribution
of the tracer uptake using a more realistic
anatomic mask derived from MRI that makes the
distinction between gray matter (GM) and white
matter (WM) to account for WM activity contribu-
tion to measurements of GM activity
concentration.107:108

The general principle of voxel-based MR-guided
PVE correction in brain PET imaging involves the
following steps'°8: first, the MRIs and PET images
are spatially realigned, and then, the MRI is
segmented into WM and GM. The latter is
a popular research topic and a variety of image
segmentation tools are available and have been
used for this purpose. %1% The next step involves

Quantitative Brain Image Analysis

convolving the segmented WM and GM images by
the PET scanner’s spatial resolution modeled by
a gaussian response function. The GM PET image
is subsequently obtained by subtraction of the
simulated WM PET image from the original PET
image coregistered to MRI. The PVE corrected
GM PET image is then obtained by dividing the
GM PET image by the convolved GM MRI. A binary
mask for GM is finally applied. Alternative
approaches using deconvolution'' and struc-
tural-functional synergetic multiresolution anal-
ysis!'2113 as well as those incorporated in
statistical iterative reconstruction techniques,’™*
which are more robust to coregistration errors,
are being explored and exploited in research
investigations.

CLINICAL IMPLICATIONS OF CORRELATED
STRUCTURAL-FUNCTION-BASED
QUANTITATIVE ANALYSIS

In recent years, efforts have been made to under-
stand brain structure and function as they are
related to aging and especially to neurodegenera-
tive disorders. Multimodality brain imaging might

Fig. 6. Transverse views of the FDG-PET image of a patient with probable AD (A), the PET template (B), the
quantified defect for this patient (C), and the z-score image (D), where the large red region indicates a region
of significant hypometabolism. The isocontour indicates the external outline of the template.
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be extremely important in the setting of future
drugs that may help decrease disease progres-
sion. A main concern has been related to the
PVE correction for cerebral metabolism in the atro-
phied brain, particularly in AD. Figs. 5 and 6 illus-
trate the impact of PVE correction in functional
FDG-PET brain imaging of a patient with probable
AD and another patient with probable FTD,
respectively.’’® The voxel-based MRI-guided
PVE correction used follows the approach by Mat-
suda and colleagues'®® (described previously). In
the early 1990s, it was already reported in the
scientific literature that, although whole-brain
metabolism is significantly reduced in AD patients
compared with control subjects, this decrease
loses its significance when metabolic rates are
corrected for atrophy.®9116 These findings stipu-
late that the hypometabolism of AD patients is
related to atrophy whereas the remaining cerebral
tissue has a metabolism comparable with that in
controls. More recently, Bural and colleagues''”
reported on a new method using an MRI-based
segmentation technique allowing the calculation
of the standardized uptake values (SUV) in the
GM, WM, and cerebrospinal fluid (CSF) in the cor-
responding PET images. This approach consists
of the calculation of GM, WM, and CSF volumes
from the segmented MRI. The next step involves
the computation of the mean SUV representing
the whole metabolic activity of the brain from the
FDG-PET images. The whole-brain volume is
calculated by summing the GM, WM, and CSF
volumes, which is then used to calculate the global
cerebral metabolic activity by multiplying the mean
SUV by the total brain volume. Likewise, the global
WM metabolic activity is estimated by multiplying
the mean SUV for the WM by the WM volume.
The CSF metabolic activity is assumed to be
nil. The global GM metabolic activity is estimated
by subtracting the global WM metabolic activity
from that of the whole brain, which is then divided
by the GM volume to provide an accurate estimate
of the SUV for GM compartment.''®

Correlative multimodality imaging of the brain
might be a new tool not only to better diagnose
neurodegenerative dementias and related disor-
ders in differential and early diagnosis but also to
better understand structure-function relation-
ship.™® It might be postulated that mismatch
between hypometabolism and atrophy would
imply different neuronal mechanisms than
absence of mismatch in terms of disease progres-
sion, cognitive reserve, and neuronal plasticity. In
addition, it might be hypothesized that mismatch
might precede atrophy/structural changes or
suggest hypometabolism-inducing factors, such
as disconnection, loss of synapses, or protein

deposition. On the contrary, regions where
atrophy and hypometabolism are matched may
benefit from compensatory mechanisms, suggest-
ing neural plasticity. More importantly, different
patterns might emerge in the course of the disease
in the same individual in response to pharmaco-
logic treatment, cognitive training, or compensa-
tory mechanisms.

SUMMARY

Neurodegenerative dementias and related disor-
ders produce significant alterations in the brain
that may not be detectable with neuropsychologi-
cal tests or with structural imaging, in the case of
early or presymptomatic stage of a disease,
because of overlaps with normal aging, or that
may not be disease-specific (ie, the frontal variant
of AD and FTD). FDG-PET, which is widely available
is therefore ideally suited for monitoring cell/molec-
ular events in early stages of neurodegenerative
diseases, as well as in differential diagnosis and
during pharmacologic therapy for monitoring of
treatment response. During the past 2 decades,
molecular brain imaging using PET and MR has
advanced elegantly and steadily gained impor-
tance in the clinical and research arenas. Software-
and hardware-based multimodality brain imaging
has enabled the implementation of sophisticated
anatomic-guided quantitative PET procedures
that undoubtedly will revolutionize clinical diag-
nosis and offer unique capabilities for the clinical
neuroimaging community and neuroscience
researchers at large.
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