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(57) ABSTRACT

An exemplary system, method and computer-accessible
medium for determining a dopamine function of a patient(s)
can include, for example, receiving imaging information of
a brain of the patient(s), determining a Neuromelanin (NM)
concentration of the patient(s) based on the imaging infor-
mation, and determining the dopamine function based on the
NM concentration. The NM concentration can be deter-
mined using a voxel-wise analysis procedure. The voxel-
wise analysis procedure can be used to determine a topo-
graphical pattern(s) within a substantia nigra (SN) of the
brain of the patient(s). The topographical pattern(s) can
include a pattern(s) of cell loss in the SN. The NM concen-
tration can be based on a NM loss in the brain of the
patient(s).
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SYSTEM, METHOD AND
COMPUTER-ACCESSIBLE MEDIUM FOR
NEUROMELANIN-SENSITIVE MAGNETIC

RESONANCE IMAGING AS A
NON-INVASIVE PROXY MEASURE OF
DOPAMINE FUNCTION IN THE HUMAN
BRAIN

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application relates to and claims priority from
U.S. Patent Application No. 62/743,916, filed on Oct. 10,
2018, the entire disclosure of which is incorporated herein
by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

[0002] This invention was made with government support
under Grant No. ROIMH17323, awarded by the National
Institute of Mental Health. The government has certain
rights in the invention

FIELD OF THE DISCLOSURE

[0003] The present disclosure relates generally to mag-
netic resonance imaging (“MRI”), and more specifically, to
exemplary embodiments of an exemplary system, method
and computer-accessible medium for neuromelanin-sensi-
tive MRI as a non-invasive proxy measure of dopamine
function in the human brain.

BACKGROUND INFORMATION

[0004] Its vivo measurements of dopamine activity are
used for understanding how neuromodulator contributes to
cognition, neurodevelopment, aging, and neuropsychiatric
disease in humans. In medicine, such measurements can
result in objective biomarkers that predict clinical outcomes
in dopamine-related illness, including Parkinson’s disease
(“PD”) and psychotic disorders, ideally by using procedures
that capture the underlying pathophysiology while being
easy to acquire in clinical settings. (See, e.g., Reference 1).
[0005] Neuromelanin (“NM”) is a dark pigment synthe-
sized via iron-dependent oxidation of cytosolic dopamine
and subsequent relation with proteins and lipids in midbrain
dopamine neurons. (See, e.g., Reference 2). NM pigment
accumulates inside specific autophagic organelles, which
contain. NM-iron complexes, along with lipids and various
proteins. (See, Reference 3). NM-containing organelles
accumulate gradually over the lifespan in the soma of
dopamine neurons in the substantia nigra (“SN”) (see, e.g.,
Reference 4), a nucleus that owes its name to its dark
appearance due to the high concentration of NM, and are
only cleared from tissue following cell death through the
action of microglia, as in neurodegenerative conditions such
as PD. (See, e.g., References 5 and 6). Given that NM-iron
complexes are paramagnetic (see, e.g. References 6 and 7),
they can be imaged using MRI. (See, e.g., References 8-11).
[0006] A family of MRI sequences known as NM-MRI
captures groups of neurons with high NM content, such as
those in the SN, as hyperintense regions. (See, e.g., Refer-
ences 8 and 9). NM-MRI signal is reliably decreased in the
SN of patients with PD (see, e.g., References 8 and 10, and
12-15), consistent with the degeneration of NM-positive SN
dopamine cells (see, e.g., Reference 16) and with the
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decrease in NM concentration in post mortem SN tissue of
PD patients compared to age-matched controls. (See, e.g.,
Reference 17). While this evidence supports the use of
NM-MRI for in vivo detection of SN neuron loss in neuro-
degenerative illness, direct demonstrations that this MRI
procedure is sensitive to regional variability in NM concen-
tration even in the absence of neurodegenerative SN pathol-
ogy are lacking. Furthermore, although induction of dop-
amine synthesis via L-DOPA administration is known to
induce NM accumulation in rodent SN cells (see, e.g.,
References 18 and 19), and although prior work assumed
that NM-MR signal in the SN indexes dopamine neuron
function in humans (see, e.g., References 20 and 21), direct
evidence is lacking to support the assumption that inter-
individual differences in dopamine function could lead to
MRI-detectable differences in NM accumulation. Such evi-
dence is needed to support the utility of NM-MRI for
psychiatric and neuroscientific applications beyond those
related to neurodegenerative illness.

[0007] The paramagnetic nature of the NM-iron com-
plexes within the NM-containing organelles, (see, e.g., Ref-
erences 156 and 157), facilitates them to be nonvasively
imaged using MRI. (See, e.g., References 97, 135, 143 and
146). NM-MRI produces hyperintense signals in neuromela-
nin-containing regions such as the SN and LC due to the
short longitudinal relaxation time (T, ) of the NM-complexes
and saturation attic surrounding white matter “WM”) by
either direct magnetization transfer (“MT”) pulses, (see.
e.g., Reference 99) or indirect MT effects, (See, e.g., Ref-
erences 135 and 146). While many previous NM-MRI
studies have used indirect MT effects, images with direct
MT pulses achieve greater sensitivity (see, e.g., References
120 and 138), and were recently shown to be directly related
to NM concentration. (See, e.g., Reference 8).

[0008] NM-MRI has also been validated as a measure of
dopaminergic neuron loss in the SN (see, e.g., Reference
118), and several studies have shown that this method can
capture the well-known loss of NM-containing neurons in
the SN of individuals with Parkinson’s disease. (See, e.g.,
Reference 143). More recently, NM-MRI was validated as a
marker eat dopamine function, with the NM-MRI signal in
the SN demonstrating a significant relationship to PET
measures of dopamine release capacity in the striatum. (See,
e.g., Reference 97). Furthermore, a voxelwise-analysis
approach was validated to resolve substructures within dop-
aminergic nuclei thought to have distinct anatomical targets
and functional roles. (See, e.g., References 97, 110, 133 and
151), This voxel-wise approach can thus facilitate a more
anatomically precise interrogation of specific midbrain cir-
cuits encompassing subregions within the SN or small nuclei
such as the ventral tegmental area (“VTA”), which can in
turn increase the accuracy of NM-MRI markers for clinical
or mechanistic research. For example, voxel-wise NM-MRI
can facilitate investigations into the specific subregions
within the SN/VTA-complex projecting to the head of the
caudate, which can be of particular relevance in the study of
psychosis, (see, e.g., Reference 151), or assist in capturing
the known topography of SN neuronal loss in Parkinson’s
disease. (See, e.g., References 97, 102 and 107).

[0009] An additional benefit of a voxelwise-analysis can
include avoiding the circularity that can incur when defining
ROIs based on the NM-MRI images that can then be used to
read out the signal in those same regions. Most previous
studies have used the high signal region in the NM-MRI
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images to define the SN ROI that can he used for further
analysis. While this can be appropriate if the goal of the
study can he to measure the volume of the SN, it can be
problematic for analysis of the CNR because the selected
ROI can be biased towards high CNR voxels.

[0010] NM-MRI can be used to nonitivasively interrogate
in vivo the dopamine system. However, this can he depen-
dent on a thorough investigation of the performance of the
method for various acquisition parameters and preprocess-
ing methods. In particular, most previous studies used rela-
tively thick MRI slices (e.g, approximately 3 mm) (see, e.g.,
References 121, 134 and 139), compared to the in-plane
resolution (approximately 0.5 mm) and to the height of the
SN (approximately 15 mm) (see, e.g., Reference 130), to
overcome technical limitations such as specific absorption
rate and SNR, at the cost of partial-volume effects. Addi-
tionally, previous studies acquired multiple measurements
that were subsequently averaged to improve the SNR of the
exemplary procedure with the expense of increased scanning
time. While time in the MRI can be expensive and should be
minimized to improve patient compliance, a detailed inves-
tigation into how many measurements can be needed for
robust NM-MRI has not been reported. A recent study
indicated high reproducibility for ROI-analysis. (See, e.g.,
Reference 121). However, this study did not provide a
detailed description of NM-MRI volume placement and the
two scans were obtained within a single session although
subjects were removed and repositioned in-between scans.

[0011] Thus, it may be beneficial to provide an exemplary
system, method and computer-accessible medium for neu-
romelanin-sensitive MRI as a non-invasive proxy measure
of dopamine function in the human brain which can over-
come at least some of the deficiencies described herein
above.

SUMMARY OF EXEMPLARY EMBODIMENTS

[0012] An exemplary system, method and computer-ac-
cessible medium for determining a dopamine function of a
patient(s) can include, for example, receiving imaging infor-
mation of a brain of the patient(s), determining a Neu-
romelanin (NM) concentration of the patient(s) based on the
imaging information, and determining the dopamine func-
tion based on the NM concentration. The NM concentration
can be determined using a voxel-wise analysis procedure.
The voxel-wise analysis procedure can be used to determine
a topographical pattern(s) within a substantia nigra (SN) of
the brain of the patient(s). The topographical pattern(s) can
include a pattern(s) of cell loss in the SN. The NM concen-
tration can be based on a NM loss in the brain of the
patient(s).

[0013] In some exemplary embodiments of the present
disclosure, the imaging information can be magnetic reso-
nance imaging (“MRI”) information. A variance in the NM
concentration can be determined using a NM-MRI contrast-
to-noise ratio (“CNR”). The NM-MRI CNR can be deter-
mined at each voxel in the imaging information. The NM-
MRI CNR can be determined as a relative change in a
NM-MRI signal intensity from a reference region of white
matter tracts in the brain of the patient(s). Information
correlating with a brain disorder of the patient(s) can be
determined based on the dopamine function. The brain
disorder can include (i) schizophrenia, (ii) bipolar disorder,
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or (iii) Parkinson’s disease. Further information correlating
with a severity of the brain disorder can be determined based
on the dopamine function.

[0014] In certain exemplary embodiments of the present
disclosure, the imaging information can include (i) sagittal
three-dimensional (3D) T1w image(s), (ii) a coronal 3D T1w
image(s), and (iii) a axial 3D Tlw image(s). A magnetic
resonance imaging (“MRI”) volume placement can be deter-
mined in the imaging information by, for example, (i)
identifying a sagittal image showing a largest separation
between a midbrain of the patient(s) and a thalamus of the
patient(s), (ii) determining a coronal image that has a
coronal plane in the sagittal image that identifies a most
anterior aspect of the midbrain, (iii) determining an axial
plane in the coronal image that identifies an inferior aspect
of a third ventricle of the brain of the patient(s), and setting
a superior boundary of the NM-MRI volume to be within a
particular distance superior to the axial plane. The particular
distance can be about 3 mm.

[0015] These and other objects, features and advantages of
the exemplary embodiments of the present disclosure will
become apparent upon reading the following detailed
description of the exemplary embodiments of the present
disclosure, when taken in conjunction with the appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Further objects, features and advantages of the
present disclosure will become apparent from the following
detailed description taken in conjunction with the accom-
panying Figures showing illustrative embodiments of the
present disclosure, in which:

[0017] FIGS. 1A and 1C are exemplary images of an axial
view of a post-mortem specimen of the right hemi-midbrain
according to an exemplary embodiment of the present
disclosure;

[0018] FIGS. 1B and 1D are exemplary NM-MRI images
according to an exemplary embodiment of the present
disclosure;

[0019] FIG. 1E is an exemplary Scatterplot displaying the
correlation between NM concentration and NM-MRI con-
trast-to-noise ratio (“CNR”) for a single specimen according
to an exemplary embodiment of the present disclosure;
[0020] FIG. 1F is an exemplary scatterplot displaying the
correlation between NM concentration and NM-MRI CNR
for 7 specimens according to an exemplary embodiment of
the present disclosure;

[0021] FIG. 2A is an exemplary Template NM-MRI image
created by averaging the spatially normalized NM-MRI
images according to an exemplary embodiment of the pres-
ent disclosure:

[0022] FIG. 2B is an exemplary image of masks for the
substantia nigra and the crus cerebri reference region
according to an exemplary embodiment of the present
disclosure;

[0023] FIG. 2C is a set of exemplary three-dimensional
(“3D”) images and signal change diagrams according to an
exemplary embodiment of the present disclosure;

[0024] FIG. 3A is an exemplary set of raw NM-MRI
images of the midbrain according to an exemplary embodi-
ment of the present disclosure;

[0025] FIG. 3B is an exemplary image and T-statistic
maps of the SN showing the size of the signal decrease in
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NM-MRI CNR in PD compared to matched controls accord-
ing to an exemplary embodiment of the present disclosure;
[0026] FIG. 4A is an exemplary image and graph of SN
voxels where NM-MRI CNR positively correlated with a
Positron Emission Tomography (“PET”) measure of dop-
amine release capacity in the associative striatum overlaid
on the NM-MRI template image according to an exemplary
embodiment of the present disclosure;

[0027] FIG. 4B is an exemplary map and graph of a mean
resting cerebral blood flow (“BF”) according to an exem-
plary embodiment of the present disclosure;

[0028] FIG. 5 is an exemplary image and a set of graphs
showing how NM-MRI CNR correlates with the severity of
psychotic symptoms according to an exemplary embodi-
ment of the present disclosure;

[0029] FIG. 6 is a set of exemplary images of a quality
check attic spatial normalization procedures according to an
exemplary embodiment of the present disclosure;

[0030] FIG. 7A is an exemplary map of intraclass corre-
lation coefficient values (“ICC”) across voxels in the SN
according to an exemplary embodiment of the present
disclosure;

[0031] FIG. 7B is an exemplary scatterplot showing agree-
ment in NM-MRI CNR for all voxels and all subjects
between two scans according to an exemplary embodiment
of the present disclosure;

[0032] FIG. 8 is an exemplary map and graph illustrating
a comparison of PD patients and matched controls according
to an exemplary embodiment of the present disclosure;
[0033] FIGS. 9A and 9B are exemplary scatterplots illus-
trating how NM-MRI CNR correlates with measures of
dopamine function across individuals without neurodegen-
erative illness according to an exemplary embodiment of the
present disclosure;

[0034] FIG. 10A is an exemplary graph illustrating a
comparison of clinical high-risk individuals for psychosis to
age-matched healthy controls according to an exemplary
embodiment of the present disclosure;

[0035] FIG. 10B is an exemplary graph illustrating a
comparison of unmedicated patients with schizophrenia to
age-matched healthy controls according to an exemplary
embodiment of the present disclosure;

[0036] FIGS. 11A-11E are exemplary images generated
using the exemplary system, method and computer-acces-
sible medium according to an exemplary embodiment of the
present disclosure;

[0037] FIG. 12 is a set of exemplary images of the final
MI-MRI volume placement from a representative subject
according to an exemplary embodiment of the present
disclosure;

[0038] FIGS. 13A-13D are exemplary images showing the
ROIs overlaid on a template NM image according to an
exemplary embodiment of the present disclosure;

[0039] FIGS. 14A-14D are exemplary graphs illustrating
1ICCy oy and CNRy,, within the manually traced mask as a
function of acquisition time for each of the NM-MRI
sequences and spatial normalization software according to
an exemplary embodiment of the present disclosure;
[0040] FIGS. 15A-15D are exemplary graphs illustrating
the ICC 4, ICCy;, and CNRy, within the manually traced
is as a function of acquisition time for each of the NM-MRI
sequences and spatial normalization software according to
an exemplary embodiment of the present disclosure; p FIGS.
16A-16D are exemplary scatterplots of the ICC,q, and
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CNR; of each voxel within the manually traced mask for
each of the NM-MRI sequences and spatial normalization
software are shown in the scatter plots according to an
exemplary embodiment of the present disclosure;

[0041] FIG. 17A is an exemplary graph of the predictive
value (R?) of anatomical position ICC ;- and ICC - and
ICC 5, of voxels within the manually traced mask of the
SN/VTA-complex (see e.g., FIG. 13B) for NM-1.5 mm
sequence and each of the spatial normalization software
according to an exemplary embodiment of the present
disclosure;

[0042] FIG. 17B is an exemplary histogram of ICC ;- of
voxels within the manually traced mask for NM-1.5 mm
sequence and ANTS spatial normalization software accord-
ing to an exemplary embodiment of the present disclosure;
[0043] FIG. 17C is an exemplary histogram of ICC g, of
voxels within the manually traced mask for NM-1.5 mm
sequence and SPM12 spatial normalization software which
can be the worst performing method as shown in FIG. 17A
according to an exemplary embodiment of the present
disclosure;

[0044] FIG. 18 is an exemplary graph illustrating the effect
of spatial smoothing on ICC , ;- and CNR,, of voxels within
the manually traced mask of the SN/ATA-complex accord-
ing to an exemplary embodiment of the present disclosure;
[0045] FIGS. 19A-19D are exemplary graphs illustrating
ICCxo; and CNRy,, within the probabilistic masks as a
function of acquisition tune for the NM-1.5 mm sequence
and ANTs spatial normalization software and various prob-
ability cutoffs according to an exemplary embodiment of the
present disclosure;

[0046] FIG. 20 is a set of exemplary graphs of correlations
and histograms of the CNRy,, values within the 4
SN/VTA7-complex nuclei according to an exemplary
embodiment of the present disclosure;

[0047] FIG. 21 is a flow diagram of an exemplary method
for determining a dopamine function of a patient according
to an exemplary embodiment of the present disclosure; and
[0048] FIG. 22 is an illustration of an exemplary block
diagram of an exemplary system in accordance with certain
exemplary embodiments of the present disclosure.

[0049] Throughout the drawings, the same reference
numerals and characters, unless otherwise stated, are used to
denote like features, elements, components or portions of the
illustrated embodiments. Moreover, while the present dis-
closure will now be described in detail with reference to the
figures, it is done so in connection with the illustrative
embodiments and is not limited by the particular embodi-
ments illustrated in the figures and the appended claims.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0050] To illustrate extending the use of NM-MRI for such
applications, a series of validation studies is shown. A first
procedure is provided to show that NM-MRI can be sensi-
tive enough to detect regional variability in tissue concen-
tration of NM, which can depend on inter-individual and
inter-regional differences in dopamine function (e.g., includ-
ing synthesis and storage capacity), and not just due to loss
of NM-containing neurons due to neurodegeneration. MRI
measurements were compared to neurochemical measure-
ments of NM concentration in post-mortem tissue without
neurodegenerative SN pathology. Because variability in
dopamine function may not occur uniformly throughout all
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SN tiers (see, e.g., References 22-26), the next procedure
was to show that NM-MRI, which has high anatomical
resolution compared to standard molecular-imaging proce-
dures, has sufficient anatomical specificity. NM-MRI was
used as a marker of degeneration in PD to test the ability of
an exemplary voxelwise approach to capture the known
topographical pattern of cell loss within the SN in the illness.
(See, e.g., References 27 and 28). The next exemplary
procedure was then to provide direct evidence for a rela-
tionship between NM-MRI and dopamine function using the
voxelwise approach.

[0051] The NM-MRI signal was correlated to a well-
validated PET measure of dopamine release into the striatum
the main projection site of SN neurons and to a functional
MRI measure of regional blood flow in the SN, an indirect
measure of activity in SN neurons, in a group of individuals
without neurodegenerative illness. NM-MRI was also tested
for non-neurodegenerative psychiatric illness (e.g., illness
without known neurodegeneration at the cellular level (see,
e.g., References 24 and 29)): this procedure was used in
unmedicated patients with schizophrenia and individuals at
clinical high risk (“CHR”) for psychosis to test the ability of
NM-MRI to capture a psychosis-related functional pheno-
type consisting of nigrostriatal dopamine excess.

Exemplary Validation of NM-MRI as a Proxy Measure of
Dopamine Function
Exemplary Relationship to Nm Concentration in
Post-Mortem Midbrain Tissue

[0052] FIGS. 1A and 1C show exemplary images of an
axial view of a post-mortem specimen of the right hemi-
midbrain according to an exemplary embodiment of the
present disclosure. FIGS. 1B and 1D show exemplary NM-
MRI images according to an exemplary embodiment of the
present disclosure. FIG. 1E shows an exemplary Scatterplot
displaying the correlation between NM concentration and
NM-MRI CNR for a single specimen according to an
exemplary embodiment of the present disclosure. FIG. 1F
shows an exemplary scatterplot displaying the correlation
between NM concentration and NM-MRI CNR for 7 speci-
mens according to an exemplary embodiment of the present
disclosure;

[0053] A test was performed to determine whether NM-
MRI can be sensitive to variation in NM tissue concentration
at levels found in individuals without major neurodegenera-
tion of the SN, a prerequisite tier its use as a marker of
inter-individual variability in dopamine function in healthy
and psychiatric populations. To this end, this was validated
against gold-standard measures of NM concentration by
scanning SN-containing midbrain sections from 7 individu-
als without histopathology compatible with PD or PD-
related syndromes (e.g., including absence of Lewy bodies
composed of abnormal protein aggregates) using an exem-
plary NM-MRI sequence. After scanning, each specimen
was dissected along gridline markings into 13-20 grid sec-
tions. In each grid section, the tissue concentration of was
measured using biochemical separation and spectrophotom-
etry determination and also calculated the averaged NM-
MRI CNR across voxels within the grid section. (See, e.g.,
images shown in FIGS. 1A-1D).

[0054] Across all midbrain specimens, grid sections with
higher NM-MRI CNR had higher tissue concentration of
NM (,=0.56, t,,,=3.36, p=0.001, mixed-effects model; 116
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grid sections, 7 specimens. (See, e.g., graphs shown in FIGS.
1F-1F). Hyperintensities were most apparent in grid sections
corresponding with the NM-rich SN. But, similar to in vivo
NM-MRI images (see, e.g., FIGS. 2A-2C, 3A, and 3B),
posterior-medial regions of the midbrain around the periaq-
ueductal gray (“PAG”) area tended to appear hyperintense
despite relatively low concentrations of NM. Although the
source of this hyperintensity, controlling for the presence of
PAG (e.g., PAG- shown as element 105 and PAG+ shown
as element 110) in grid sections improved the correspon-
dence of NM-MRI CNR to NM concentration, in non-PAG
regions (B,=1.03, t,,,=5.51, p=10~") could not he accounted
for. Under this model, a 10% increase in NM-MRI CNR
corresponds with an estimated increase of 0.10 ug of NM per
mg of tissue.

[0055] The relationship between NM-MRI CNR and NM
concentration remained ($=0.45, t,,,=2.15, p=0.034) in an
extended model controlling for the proportion of SN voxels
within each grid section (e.g, and again for PIG content).
This latter result indicates that NM-MRI CNR can explain
the variance in NM concentration in the SN and surrounding
areas beyond that explained simply by the increase in both
measures in SN compared to non-SN voxels, an increase that
can be expected even if NM-MRI could only localize the SN
without measuring regional NM concentration. These results
thus indicate that NM-MRI signal corresponds to regional
tissue concentration of NM, particularly in the midbrain
region surrounding the SN, the region focused on. All results
held after excluding one specimen in which the neuropatho-
logical exam found decreased neuronal density in the SN
despite lack of evidence for PD-related pathology (e.g.,
extended model: =0.46, t,,=2.20, p=0.030), further con-
firming that the relationship between NM-MRI and NM
concentration was not driven by reduced cell counts.

[0056] FIG. 6 shows a set of exemplary images of a
quality check of the spatial normalization procedures
according to an exemplary embodiment of the present
disclosure. The exemplary quality check was performed for
spatial normalization procedures for all study groups. Over-
lap images indicate the percentage of subjects with spatially
overlapping signal in SN and outside the midbrain for a
superior (z=-12), middle (z=-15), and inferior (z=-18)
slices (row, from top to bottom), by group (column). These
images were generated by creating binary maps of each
subject’s preprocessed NM-MRI image (e.g., thresholded at
CNR=10%) and calculating the percent overlap for each
voxel across all subjects in each specific group. As shown in
the images of FIG. 6, PD is Parkinson’s disease, and CHR
is clinical high-risk individuals.

[0057] FIG. 7A shows an exemplary map of ICC values
across voxels in the SN according to an exemplary embodi-
ment of the present disclosure. The exemplary map of ICC
values across voxels in the SN was derived from 2 scans
obtained approximately 1 hour apart in the same day (e.g.,
each of the 2 scans was obtained in 16 subjects). Two-way
mixed, single score ICC value was calculated (ICC(3,1);
(12)) for each voxel. This ICC score reflects consistency
across the first and second scans. Standard thresholds were
used for interpretability of ICC values: “excellent” reliabil-
ity for ICC over 0.75, “good” reliability for ICC between
0.75 and 0.6. “fair” reliability for ICC between 0.6 and 0.4.
and “poor” reliability for ICC under 0.4 (13). The inset
histogram shown in FIG. 7A shows distribution of ICC (e.g.,
x axis) values across all in-mask SN voxels (e.g, y axis
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indicates voxel count). The median ICC across voxels was
0.64 (e,g., 0.35 interquartile range). The ICC for NM-MRI
averaged in the whole ICC mask was ‘excellent’ (e.g., ICC
=0.95). Calculating absolute agreement across scans for
each voxel yielded very similar values (e.g., the median ICC
(2,1) was 0.63, 0.35 interquartile range). Note that voxels
with poor reliability tend to lie around the edge of the SN
mask, which by definition may include voxels outside of SN
proper in some subjects.

[0058] FIG. 7B shows an exemplary scatterplot showing
agreement in NM-MRI CNR for all voxels and all subjects
between two scans according to an exemplary embodiment
of the present disclosure. The exemplary scatter plot shown
in FIG. 7B indicates agreement in NM-MRI CNR for all
voxels and all subjects between the 2 scans. This sample
consisting of 8 healthy individuals and 8 patients with
schizophrenia, with mean age 33.8+13.3 years (a subset of
the participants in the current study), was collected as part
of a separate study.

[0059] FIG. 8 shows an exemplary map and graph illus-
trating a comparison of PD patients and matched controls
according to an exemplary embodiment of the present
disclosure. Map 805 indicates SN voxels where PD patients
had decreased NM-MRI CNR (e.g., voxels 810: thresholded
at p<0.05, voxel-level), overlaid on the NM-MRI template
image. The combined scatterplot and bar plot shows mean
NM-MRI CNR values extracted from the voxels plotted by
diagnostic group (e.g., PD patients versus sample of
matched, healthy controls) for visualization purposes. Each
data point is one subject. Error bars are means and SEM. The
Cohen’s d of size for the group difference in the plotted data
was d=1.08. but note that this estimate is biased due to
circular voxel selection; the unbiased effect-size was d=0.89
as calculated via a leave-one-out procedure for unbiased
voxel selection.

Exemplary Validation of Voxelwise Approach

[0060] Having determined that NM-MRI measures
regional concentration of NM in and around the SN, whether
regional differences in NM-MRI signal capture biologically
meaningful variation across anatomical subregions within
the SN was determined. This was performed to interrogate
dopamine function, since the heterogeneity of cell popula-
tions in the SN (see, e.g., References 22-26) indicates that
dopamine function can differ substantially between neuronal
tiers projecting to ventral striatum, dorsal striatum or corti-
cal sites. The exemplary system, method and computer-
accessible medium, according to an exemplary embodiment
of the present disclosure, was used to determine that a
voxelwise analysis within the SN can be sensitive to pro-
cesses affecting specific subregions or likely discontiguous
neuronal tiers within the SN (see, e.g., Reference 23) (see,
e.g, FIGS. 2A-2C and 6 for information regarding spatial
normalization and anatomical masks used in voxelwise
analyses). The majority of individual SN voxels exhibited
good-to-excellent test-retest reliability (see, e.g., FIGS. 7A
and 7B), extending similar demonstrations at the region
level. (See, e.g., Reference 30).

[0061] To test the anatomical specificity of the voxel-wise
NM-MRI approach, the ability of NM-MRI to detect neu-
rodegeneration in PD and the known topography of cell loss
in the illness was utilized. Previous PD work has shown
decreases in NM concentration (see, e.g., References 16 and
17) and in NM-MRI signal in the whole SN (see, e.g.,
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References 8 and 15) and lateral regions of bisected SN.
(See, e.g., References 12-14). Histopathological studies of
the SN further support a topographical progression of PD
pathology that preferentially affects lateral, posterior, and
ventral subregions of SN in mild-to-moderate disease stages.
(See, e.g., References 27 and 28). Using NM-MRI data in 28
patients diagnosed with mild-to-moderate PD and 12 age-
matched controls, whether a voxelwise analysis would cap-
ture this topographic pattern was analyzed. PD patients had
significantly lower NM-MRI CNR compared to control
individuals (e.g., 439 of 1807 SN voxels at p<0.05, robust
linear regression adjusting for age and head coil; p_,, vereq
=0.020, permutation test; peak voxel MNL coordinates [X, v,
z]: -6, —18, —18 mm; and FIG. 8).

[0062] FIG. 3A shows an exemplary set of raw NM-MRI
images of the midbrain according to an exemplary embodi-
ment of the present disclosure. FIG. 3B shows an exemplary
image and T-statistic maps of the SN showing the size of the
signal decrease in NM-MRI CNR in PD compared to
matched controls according to an exemplary embodiment of
the present disclosure. The exemplary system, method and
computer-accessible medium, according to an exemplary
embodiment of the present disclosure, was able to capture
the known anatomical topography of dopamine neuron loss
within the SN (see, e.g., References 27 and 28) (see, e.g.,
image shown in FIG. 3B): larger CNR decreases in PD
tended to predominate in more lateral (§,,,=-0.13, t;g03=—
14.2, p=10"*), posterior (B,~0.05, t 55 ==6.6, p=107'),
and ventral SN voxels (B,=0.17, t,4,5=16.3, p=10~>>; mul-
tiple-linear regression analysis predicting t statistic of group
difference across SN voxels as a function of their coordi-
nates in x [absolute distance from the addible], v, and z
directions: omnibus I 4,;=111, p=107%).

Exemplary Relationship of NM-MRI Signal to Dopamine
Function

[0063] Having validated the anatomical sensitivity of the
exemplary voxelwise approach, whether NM-MRI signal in
the SN correlated with dopamine function in vivo was
analyzed. PET imaging was used to measure dopamine
release capacity (e.g., ABP,,) as the change in D2/D3
radiotracer [*C] raclopride binding potential between base-
line and following administration of dextro-amphetamine
(0.5 mg/kg, p.o.). This was used to measure the release of
dopamine from the presynaptic sites of dopamine axons,
including its vesicular and cytosolic pools (see, e.g., Refer-
ences 31 and 32), into striatal synapses, so it can be relevant
that trait-like inter-individual differences in the magnitude of
these dopamine pools can be a determinant of NM accumu-
lation. (See, e.g., References 1.9 and 31). Data in a group of
18 individuals without neurodegenerative illness was col-
lected, which included 9 healthy controls and 9 unmedicated
patients with schizophrenia. Dopamine release in the asso-
ciative striatum, part of the dorsal striatum, was focused on
to ensure sufficient variability, as patients with schizophre-
nia tend to exhibit the greatest excess in dopamine release in
this subregion. (See, e.g., Reference 33). Also, the dorsal
striatum receives projections from the SN (e.g., via the
nigrostriatal pathway) while the ventral striatum receives
projections predominantly from the ventral tegmental area
(e.g., via the mesolimbic pathway) (see, e.g., References 22
and 23), which can be more difficult to visualize in NM-MRI
scans due to its lower NM concentration (See. e.g., Refer-
ence 16) and smaller size.
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[0064] FIG. 4A shows an exemplary image and graph of
SN voxels where NM-MRI CNR positively correlated with
a PET measure of dopamine release capacity in the asso-
ciative striatum overlaid on the NM-MRI template image
according to an exemplary embodiment of the present
disclosure. FIG. 4B shows an exemplary map and graph of
a mean resting cerebral blood flow according to an exem-
plary embodiment of the present disclosure. A voxel wise
analysis was performed in which, for each subject, ABP,,,
was measured and correlated to NM-MRI CNR in the SN
mask at each voxel. This resulted in a set of SN voxels where
NM-MRI CNR correlated positively with dopamine release
capacity in the associative striatum (e.g., 225 of 1341 SN
voxels at p<0.05, Spearman partial correlation adjusting for
diagnosis, age, and head coil; p_,, eeres=0-042, permutation
test; peak voxel MNI coordinates [x, y, z]: -1, =18, =16 mm;
see, e.g., images and associated graph shown in FIG. 4A).
This exemplary effect exhibited. a topographic distribution
such that voxels related to dopamine release tended to
predominate in anterior and lateral aspects of the SN. This
analysis was performed in a smaller SN mask (e.g., 1341
voxels) because relatively few subjects had usable data in
the dorsal-most SN. No interaction with diagnosis was
found (e.g., p=0.31). The voxelwise results were mirrored by
region-of-interest (“ROI”) results showing that mean NM-
MRI CNR across the whole SN correlated with mean
ABP,, in the whole striatum (e.g., p=0.64, p=0.013; partial
correlation with the same covariates as the voxelwise analy-
sis and an additional covariate for incomplete SN coverage).

Exemplary Relationship of NM-MRI Signal to Neural
Activity in the SN

[0065] Since the latter results indicated that individuals
with higher dopamine release from nigrostriatal SN neurons
had higher NM accumulation, as measured via NM-MRI,
the exemplary system, method and computer-accessible
medium was used to determine that NM accumulation can
also correlate with local trait-like tendency for increased
activity in SN neurons. To test this, arterial spin labeling
functional magnetic resonance imaging (“ASL-fMRI”) was
used to measure regional cerebral blood flow (“CBF”), a
well-established (e.g, indirect) functional measure of neu-
ronal activity (see, e.g., References 34-37) that captures
trait-like inter-individual differences in resting activity. (See,
e.g., Reference 38). Among 31 individuals without neuro-
degenerative illness (e.g., 12 healthy individuals, 19 schizo-
phrenia patients) higher CBF in the SN correlated with
higher SN NM-MRI CNR. This was true in ROI analyses
averaging values in SN voxels related to dopamine release
capacity (e.g., “dopamine voxels”, r=0.40, p=0.030; partial
correlation controlling for age and diagnosis; see, e.g., CBF
maps and associated graph shown in FIG. 4B) and in the
whole SN (e.g., r=0.48, p=0.008; partial correlations con-
trolling, for age, diagnosis, and incomplete SN coverage).
Again, no interactions with diagnosis were found (e.g., all
p>0.7).

Exemplary Relationship of NM-MRI to Psychosis

[0066] Psychosis can be associated with excessive dop-
amine release capacity and dopamine synthesis capacity in
the striatum (see, e.g., References 23 and 33) in the absence
of neurodegeneration of SN neurons. (See, e.g., References
24 and 29). This dopamine dysfunction can be particularly
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prominent in the associative striatum—which receives pro-
jections from discontiguous regions of dorsal and ventral SN
tiers through the nigrostriatal pathway (see, e.g., Reference
23) and can be present in schizophrenia (see, e.g. Reference
33), at-risk populations for psychosis (see, e.g., References
39 and 40), and bipolar disorder (see, e.g., Reference 41).
indicating a dimensional relationship to psychotic symptoms
rather than a specific relationship to schizophrenia or other
diagnostic categories. Given this and the evidence presented
above supporting that NM-MRI signal indexes dopamine
function, it was determined that excess dopamine in SN
neurons can result in more accumulation of NM (e.g., in the
body of those neurons in the SN (see, e.g., Reference 3)) in
individuals with more severe syndromal or subsyndromal
psychotic symptoms (e.g., among patients with schizophre-
nia and among individuals at clinical high-risk [CHR] for
psychosis, respectively), Indeed, it was found that more
severe (e,g., syndromal) psychotic symptoms in patients
with schizophrenia (“PANSS-PT” scores, n=33) and more
severe attenuated (e.g. subsyndromal) psychotic symptoms
in CHR individuals (e.g., SIPS-PT scores, n=25) both cor-
related with higher NM-MRI CNR in overlapping SN voxels
(e.g., 45 voxels; P, reees~0-00001, permutation test for
conjunction effect; and FIG. 5).

[0067] FIG. 5 shows an exemplary image and a set of
graphs showing how NM-MRI CNR correlates with the
severity of psychotic symptoms according to an exemplary
embodiment of the present disclosure. The effect shown
exhibited a topographic distribution such that psychosis-
overlap voxels tended to predominate in ventral and anterior
aspects of the SN. Correlations between NM-MRI CNR in
these psychosis-overlap voxels and severity of psychosis
were specific to positive symptoms of psychosis in schizo-
phrenia (e.g., r=0.38, p=0.044) and CHR (e.g., r=0.57,
p=0.006, partial correlations controlling for negative-symp-
tom scores [PANSS-NT or SIPS-NT, respectively], general-
symptom scores [PANSS-GT or SIPS-GT, respectively],
age, and head coil). Based on the exemplary calibrations
with measurements of NM concentration in post-mortem
tissue, the estimated difference of NM concentrations in the
psychosis-overlap voxels between individuals with the least
severe versus the most severe psychotic symptoms would be
0.38 wWmg versus 0.67 ng/mg in schizophrenia (e.g., esti-
mated concentrations for PANSS-PT scores of 10 versus 29)
and 0.31 pg/mg versus 0.62 pg/mg in CHR (e.g., estimated
concentrations for SIPS-PT scores of 9 versus 21). Although
the exemplary system, method, and computer-accessible
medium was used to identify correlates of psychosis rather
than of diagnostic categories, the groups were also com-
pared, and no significant differences between the schizo-
phrenia and CHR groups or between either of these groups
and matched healthy control groups were found, which is
consistent with the notion that the nigrostriatal-dopamine
phenotype—at least as captured by NM-MRI—represents a
dimensional correlate of psychosis rather than a categorical
correlate of diagnosis.

[0068] Although a significant overlap between psychosis-
overlap voxels and those exhibiting a correlation with dop-
amine release capacity in the associative striatum (e.g., 6
VOXelS; Poyreces~0-02, permutation test for conjunction)
were not found, a significant overlap between voxels where
NM-MRI CNR correlated with psychosis in schizophrenia
and voxels Where NM-MRI CNR correlated with dopamine
release capacity in this striatal subregion (e.g, 80 voxels;
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Poorrecied=0-002, permutation test for conjunction) was also
found. This indicates that, for example, syndromal psychosis
relates to increased NM accumulation in portions of the SN
where NM accumulation specifically reflects increased dop-
amine in the nigrostriatal pathway.

Exemplary Discussion

[0069] NM-MRI as a measure of NM concentration in the
SN can be used beyond its use as a marker of neuronal loss
in neurodegenerative illness. Consistent with previous pre-
clinical work showing that increased dopamine availability
in SN dopamine neurons results in NM accumulation in the
soma (see, e.g., References 18 and 19), it was found that an
in vivo molecular-imaging readout of dopamine function in
these neurons (e.g., striatal dopamine release capacity) cor-
relates with NM-MRI signal in a subregion of the SN among
humans without neurodegenerative illness. Cerebral blood
flow in the same subregion of the SN also correlated with
local increases of NM-MRI CNR, similarly consistent with
a link between neural activity in SN and NM accumulation.
Altogether, converging evidence from various experiments
and different datasets strongly indicates that NM-MRI signal
in the SN provides a proxy measure for function of dop-
amine neurons in this midbrain region, particularly in neu-
ronal tiers of the SN that project to the dorsal striatum via
nigrostriatal pathway. (See, e.g., References 22 and 23).
[0070] The exemplary system, method, and computer-
accessible medium can use NM-MRI measures against a
number of gold-standard and well-validated methods (e.g.
including high-quality biochemical (see, e.g., Reference 17),
PET imaging (see, e.g., References 42 and 43), and clinical
measurements (see, e.g., References 44 and 45)) and devel-
oped an automated method for regional interrogation of
NM-MRI signal within the SN. First, the exemplary post-
mortem experiment employed a novel approach for accurate
determination of NM concentration across multiple tissue
sections throughout the midbrain, which facilitated the con-
firmation of the ability of NM-MRI to measure regional
concentration of NM and to calibrate the NM-MRI signal in
subsequent in vivo studies in line with previous recommen-
dations. (See, e.g., Reference 17). Prior work has shown that
the NM-MRI contrast mechanism in synthetic NM phan-
toms depends on the influence of iron-bound melanic NM
components on T1-relaxation time and magnetization-trans-
fer ratio (see, e.g., References 9 and 11) and that NM-MRI
signal in post-mortem tissue correlates with the density of
NM-containing neurons in the SN. (See, e.g., References 46
and 47). The exemplary approach showed that the NM-MRI
signal reflects the concentration of NM in tissue, rather than
solely reflecting the presence or number of NM-containing
SN neurons. Because this observation was apparent in the
absence of neurodegeneration of SN neurons, the exemplary
system, method and computer-accessible medium use NM-
MRI measures of NM concentration, which can be used as
a proxy for dopamine function. Second, an exemplary
voxelwise method. was utilized that was validated in a
cohort of patients with PD (see, e.g., References 8, 10, and
12-15), exhibited a robust reduction of SN CNR, by showing
that the exemplary method further revealed a regional pat-
tern of SN signal reduction consistent with the known
topographical pattern of neuronal loss in the disease. (See,
e.g., References 27 and 28).

[0071] The exemplary voxelwise procedure may not only
increase the precision and sensitivity of NM-MRI measures
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but, by virtue of using a standardized space, can also
minimize circularity in ROI definitions (see, e.g., Reference
10) and spatial variability between subjects and studies. A
correlation between NM-MRI measures again well-vali-
dated measure of dopamine function in vivo was estab-
lished. A PET measure of amphetamine-induced dopamine
release which can be thought to reflect the available pools of
vesicular and cytosolic dopamine in pre-synaptic dopamine
neurons projecting to the striatum. This measure was well-
suited to build on preclinical evidence that increased avail-
ability of cytosolic dopamine drives NM accumulation.
(See, e.g., References 18 and 19). Prior work using different
PET dopamine measures in a small sample of young healthy
individuals found a correlation between NM-MRI measures
and dopamine D2-receptor density in the SN, but not to
dopamine synthesis capacity in the midbrain (e.g., via a
DOPA measure). (See, e.g., Reference 48). However, such a
small and homogeneous sample of young individuals can be
unlikely to show substantial variability in dopamine func-
tion or NM accumulation and can have thus hampered the
sensitivity in detecting an effect, an issue that was circum-
vented by including individuals with a larger age range and
sonic with dopamine dysfunction (e.g., patients). Limita-
tions of PET measures of DOPA in the midbrain (see, e.g.,
Reference 49) could have also played a role.

[0072] By showing that NM-MRI can capture the estab-
lished dopamine dysfunction associated with psychosis,
convergent evidence for the relationship between NM-MRI
and dopamine function in the nigrostriatal pathway as well
as support for its potential value as a research tool and
candidate biomarker for psychosis was shown. Because
post-mortem studies have found normal counts of SN dop-
amine neurons in psychotic patients (see, e.g., References 24
and 29) together with abnormal markers of dopamine func-
tion in these neurons (see, References 24, and 50-51) (but
see (see, e.g., Reference 52)), increased NM-MRI signal in
more severely psychotic individuals likely reflects psycho-
sis-related alterations in dopamine function. This interpre-
tation can also be consistent with PET research in psychosis,
which has reliably identified robust increases in dopamine
tone in presynaptic dopamine neurons projecting to the
striatum, and in particular in nigrostriatal neurons projecting
to the dorsal associative striatum. (See, References 23 and
33). This phenotype has been identified in patients with
psychotic disorders—including schizophrenia and bipolar
disorder—in proportion to the severity of their psychotic
symptoms, (See, e.g., References 41 and 53). This dopamine
phenotype has also been reported in individuals at high risk
for psychosis, particularly in those who go on to develop a
psychotic disorder. (See, e.g., References 39 and 40).

[0073] The exemplary procedure indicates that the psy-
chosis-related phenotype consisting of .nigrostriatal dop-
amine excess results in an increase in NM accumulation in
the SN that can be captured with NM-MRI. Specifically, a
mostly ventral SN subregion was found where NM-MRI
CNR can be increased in proportion to severity of psychosis
in schizophrenia and to severity of attenuated psychosis in
CHR individuals. This mostly ventral subregion of SN (e.g.,
at least as defined in patients with schizophrenia alone)
exhibited a relationship to dopamine. function in the dorsal
associative striatum, consistent with the dense projections of
the ventral SN tier to this striatal region. (See, e.g., Refer-
ence 23). Exploratory analyses failed to detect group dif-
ferences in NM-MRI CNR between CHR individuals,



US 2021/0228144 A1l

patients with schizophrenia, and healthy individuals. Con-
sistent with other evidence that dopamine dysfunction can
be more closely related to psychosis than to schizophrenia
(see, e.g., References 41 and 53), the exemplary data thus
supports that NM-MRI captures a psychosis-related (e.g.,
but not necessarily diagnosis-specific) dysfunction in the
nigrostriatal dopamine pathway, with this phenotype ante-
dating the development of full-blown schizophrenia. In
contrast, some previous studies found a significant increase
in NM-MRI CNR in individuals with schizophrenia (see,
e.g. References 20 and 21) that see (see, e.g. References 54
and 55)) but failed to observe a significant relationship
between NM-MRI signal and severity of psychotic symp-
toms. (See, e.g., References 20 and 55). This inconsistency
can be explained by the inclusion of patients treated with
antidopaminergic medication in these studies. Inclusion of
medicated patients can be likely to mask dopaminergic
correlates of psychotic symptoms, perhaps by exposing
treatment-refractory patients in whom non-dopaminergic
alterations can predominate (see, e.g., Reference 56) or
perhaps via direct effects of antipsychotic medication on
NM accumulation, as some antipsychotics can accumulate
in NM organelles (see, e.g., Reference 57) and exhibit a
dose-dependent relationship with NM-MRI signals. (See,
e.g., Reference 21).

[0074] The exemplary findings further underscore the use
of NM-MRI as a clinically useful biomarker for non-
neurodeszenerative conditions associated with dopamine
dysfunction. Such biomarker can have the advantages of
being practical (e.g., inexpensive and non-invasive), par-
ticularly for pediatric and longitudinal imaging, and of
providing high anatomical resolution compared to standard
molecular imaging methods, which facilitates it to resolve
functionally distinct SN tiers with different pathophysiologi-
cal roles. (See, e.g., References 22-26). The ability of
NM-MRI to index long-term dopamine function, given the
slow accumulation of NM in the SN over the lifespan (see,
e.g., Reference 17), and the high reproducibility of this
procedure (see, e.g., Reference 30) indicates that NM-MRI
can be a stable marker insensitive to acute states (e.g., recent
sleep loss or substance consumption). This can be a particu-
larly appealing characteristic for a candidate biomarker and
one that could complement other markers such as PET-
derived measures, which in contrast can better reflect state-
dependent dopamine levels. (See, e.g., Reference 53). The
lack of significant differences between schizophrenia or
CHR and health, together with the observed correlation with
severity of psychosis, indicates that NM-MRI better cap-
tures a longer-term propensity for psychosis (e.g., compared
to more acute psychosis-related states captured by PET
measures of dopamine function). Regardless of this, a
dimensional marker of psychosis-related dopamine dysfunc-
tion can be extremely helpful as a risk biomarker of psy-
chosis. Such a biomarker could further help select a subset
of at-risk individuals who, more so than CHR individuals as
a whole (see, e.g., References 58 and 59), and can benefit
from anti-dopaminergic medication, thus augmenting cur-
rent risk-prediction procedures based solely on non-biologi-
cal measures. (See, e.g., Reference 60). NM-metal com-
plexes can also accumulate from oxidation of
norepinephrine in the locus coeruleus (see, e.g., References
7 and 61), a nucleus relevant to stress and anxiety disorders
(see, e.g., References 62 and 63) as well as to PD and
Alzheimer’s disease. (See, e.g., Reference 64). The exem-
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plary findings supporting NM-MRI signal in the SN as a
measure of dopamine function indicate that NM-MRI signal
in the locus coendeus can be a measure of norepinephrine
function.

Exemplary NM-MRI Acquisition

[0075] MR images were acquired for all study participants
on a GE Healthcare 3T MR750 scanner using a 32-channel,
phased-array Nova head coil. A few scans (e.g., 17% of all
scans, 24 out of a total of 139) were acquired using an
8-channel in vivo head coil instead. During piloting, various
NM-MRI sequences were compared to achieve optimal
CNR in the SN using a 2D gradient response echo sequence
with magnetization transfer contrast (2D GRE-MT) (see,
e.g., Reference 67) with parameters: repetition time (TR)-
260 ms, echo time (TE)=2.68 ms, flip angle=40°, in-plane
resolution-0.39x0.39 mm?, partial brain coverage with field
of view (FoV)=162x200, matrix=416x512, number of
slices=10, slice thickness=3 mm, slice gap=0 mm, magne-
tization transfer frequency offset=1200 Hz, number of exci-
tations [NEX]=8, acquisition time=8.04 minutes. The slice-
prescription protocol consisted of orienting the image stack
along the  anterior-commissure-posterior-commissure
(“ACPC”) line and placing the top slice 3 mm below the
floor of the third ventricle, viewed on a sagittal plane in the
middle of the brain. This protocol provided coverage of
SN-containing portions of the midbrain (e.g., and cortical
and subcortical structures surrounding the brainstem) with
high in-plane spatial resolution using a short scan easy to
tolerate by clinical populations. Whole-brain, high-resolu-
tion structural MRI scans were also acquired pre-processing
of'the 2D GRE-MT (e.g., NM-MRI) data: a T1-weighted 3D
BRAVO sequence (e.g., inversion time=450 ms, TR~7.85
ms, TE=3.10 ms, angle=12°, FoV-240x240, matrix-300x
300, number of slices=220, isotropic voxel size=0.8 mm?)
and a T2-weighted CUBE sequence (e.g., TR=2.50 ms,
TE=~0.98 ms , echo train length=120, FoV=256x256, num-
ber of slices=1, isotropic voxel size=8 mm?). The quality of
NM-MRI images was visually inspected for artifacts imme-
diately upon acquisition, and scans were repeated when
necessary, time permitting. Ten participants were excluded
due to clearly visible smearing or banding artifacts affecting
the midbrain (e.g., due to participant motion, n=4), or
incorrect imaging-stack placement (e.g., n=6).

Exemplary NM-MRI Preprocessing

[0076] NM-MRI scans were preprocessed using SPM12 to
facilitate voxelwise analyses in standardized MNI space. For
example, NM-MRI scans and T2-weighted scans were
coregistered to T1-weighted scans. Tissue segmentation was
performed using T1- and T2-weighted scans as separate
channels (e.g., segmentation was performed based solely on
the T1 weighted scan for 15 psychosis controls, 1 PD
patient, and 2 schizophrenia patients missing T2-weighted
scans). Scans from all study participants were normalized
into MNI space using DARTEL routines (see, e.g., Refer-
ence 68) with a gray- and white-matter template generated
from an initial sample of 40 individuals (e.g., 20 schizo-
phrenia patients and 20 controls). The resampled voxel size
of unsmoothed, normalized NM-MRI scans was 1 mm,
isotropic. All images were visually inspected following each
preprocessing procedure. (See, e.g., FIGS. 2C and 6 for
quality checks of spatial normalization). Intensity normal-
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ization and spatial smoothing were then performed using
custom Matlab scripts. CNR for each subject and voxel v
was calculated as the relative change in NM-MRI signal
intensity I from a reference region RR of white-matter tracts
known to have minimal NM content, the cerebri, as CNR ;=
(I,~mode(Izz))/mode(I;z).

[0077] FIG. 2A show an exemplary Template NM-MRI
image created by averaging the spatially normalized NM-
MRI images according to an exemplary embodiment of the
present disclosure. FIG. 28 shows an exemplary image of
masks for the substantia nigra and the crus cerebri reference
region according to an exemplary embodiment of the present
disclosure. FIG. 2C shows a set of exemplary 3D images and
signal change diagrams according to an exemplary embodi-
ment of the present disclosure;

[0078] A template mask of the reference region in MNI
space (see, e.g., image shown in FIG. 2B) was created by
manual tracing on a template NM-MRI image (e.g., an
average of normalized NM-MRI scans from the initial
sample of 40 individuals, see, for example, image shown in
FIG. 2A). The mode(I ;) was calculated for each participant
from kernel-smoothing-function fit of a histogram of all
voxels in the mask. The mode rather than mean or median
was utilized because it was found it to be more robust to
outlier voxels (e.g., due to edge artifacts) and this precluded
the need for further modification of the reference-region
mask. Images were then spatially smoothed with a 1-mm
full-width-at-half-maximum Gaussian kernel.

[0079] Further, an over inclusive mask of SN voxels was
created by manual tracing on the template NM-MRI image.
The mask was subsequently reduced by eliminating edge
voxels with extreme values: voxels showing extreme rela-
tive values for a given participant (e.g., beyond the 1°* or the
99 percentile of the CNR distribution across SN voxels in
more than 2 subjects) or voxels that had consistently low
signal across participants (e.g., CNR less than 5% in more
than 90% of subjects). These procedures removed 9% of the
voxels in the manually traced mask, leaving a filial template
SN mask containing 1,807 resampled voxels. (See, e.g.,
image shown in FIG. 28).

Exemplary NM-MRI Analysis

[0080] All analyses were carried out in Matlab (Math-
works, Natick, Mass.) using custom scripts. In general,
robust linear regression analyses were performed across
subjects for every voxel v within the SN mask, as:
CNR,=f,+f, measure of interest++2,_," 3, nuisance covari-
ate+e. The measure of interest consisted of either imaging
(e.g., dopamine release capacity) or clinical (e.g., psychosis
severity) data, depending on the analysis. Nuisance covari-
ates, including diagnosis, head coil, and age, varied for
different analyses; while all analyses included an age covari-
ate, head coil and diagnosis covariates were only included in
analyses where these variables differed across subjects.
Robust linear regression was used to minimize the need for
regression diagnostics in the context of mass-univariate,
voxelwise analyses. A partial (e.g., non-parametric) Spear-
man correlation was used instead of linear regression if
variables were not normally distributed according to a
Lilliefors test at p<0.05 (e.g., which was the case for
dopamine release capacity). Voxelwise analyses were car-
ried out within the template SN mask after censoring subject
data points with missing values (e.g., due to incomplete
coverage of the dorsal SN in a minority of subjects resulting
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from inter-individual variability in anatomy) or extreme
values (e.g., values more extreme than the 1% or the 99
percentile of the CNR distribution across all SN voxels and
subjects [CNR values below -9% or above 40%, respec-
tively]). For all voxelwise analyses, the spatial extent of an
effect was defined as the number of voxels k (e.g., adjacent
or non-adjacent) exhibiting a significant relationship
between the measure of interest and CNR voxel-level height
threshold for t-test of regression coefficient {3, of p<0.050ne-
sided [B,"]).
[0081] Hypothesis testing was based on a permutation test
in which the measure of interest was randomly shuffled with
respect to CNR. This test corrected for multiple comparisons
by determining whether an effect’s spatial extent k was
greater than would be expected by chance (€.g., Poorecred<0-
05, 10,000 permutations; equivalent to a cluster-level fam-
ily-wise-error-corrected p-value, although in this case
voxels were not required to form a cluster of adjacent
voxels, given the small size of the SN and evidence that SN
tiers defined by specific projection sites do not necessarily
comprise anatomically clustered neurons). (See, e.g., Ref-
erence 23). On each iteration, the order of the values of a
variable of interest (e.g. dopamine release capacity) was
randomly permuted across subjects (e.g., and maintained for
the analysis of every voxel within the. SN mask for a given
iteration of the permutation test, accounting for spatial
dependencies). This provided a measure of spatial extent for
each of 10,000 permuted datasets, forming a null distribu-
tion against which to calculate the probability of observing
the spatial extent k of the effect in the true data by chance
(Poorrecreq). For hypothesis testing related to conjunction
effects (e.g., overlap of psychosis effects in the two clinical
groups), permutation analysis determined if the extent k of
overlap for both effects (8, *NP, *) was greater than
effect] effect.
would be expected by chance (e.g., p<0.05, 10,000 permu-
tations) based on a null distribution counting the overlap of
significant voxels after the location of true significant voxels
for each effect was randomly shuffled within the SN mask.
[0082] Exemplary Topographical analyses. Multiple-lin-
ear regression analysis across SN voxels was used to predict
the strength of an effect (e.g., or the presence of a significant
conjunction effect) as a function of MNI voxel coordinates
in the x (e.g., absolute distance from the midline), y, and z
directions.
[0083] Exemplary ROI analyses. Post hoc ROI analyses
examining mean NM-MRI signal across voxels in the.
whole SN mask included the same covariates as used in the
respective voxelwise analyses plus an additional dummy
covariate indexing subjects with incomplete coverage of
dorsal SN, as a dorsal-ventral gradient of signal intensity in
SN biased mean CNR values in these subjects. This “incom-
plete SN coverage” covariate was not used for analyses on
NM-MRI signal extracted from “dopamine” voxels or “psy-
chosis-overlap” voxels as these confined sets of voxels had
a relatively small contribution from dorsal SN.

Exemplary Post-Mortem Experiment

[0084] Post-mortem specimens of human midbrain tissue
were obtained from The New York Brain Bank at Columbia
University. Seven specimens were obtained, each from an
individual who suffered from Alzheimer’s disease or other
non-PD dementia at the time of death (e.g., ages 44 to 90).
Specimens were approximately 3-mm-thick slices of fresh
frozen tissue from the rostral hemi-midbrain containing
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pigmented SN. These specimens were scanned using the
NM-MRI protocol similar to the one used in vivo, after
which they were dissected for analyses of NM tissue con-
centration. The dish containing the specimen included a grid
insert, used to keep dissections in register with MR images.

[0085] Exemplary Neurochemical measurement of NM
concentration in post-mortem tissue. Samples deriving from
each grid section were homogenized with titanium tools.
NM concentration of each grid. section was then measured
according to the exemplary previously described spectro-
photometry method (see, e.g., Reference 17), with minor
modifications to improve the removal of interfering tissue
components from midbrain regions with higher content of
fibers and fewer NM-containing neurons compared to sec-
tions of SN proper dissected along anatomical boundaries.
Additional tests confirmed that the exemplary methods for
Fomblin® cleaning were effective and that neither this
substance nor the methylene blue dye was likely to influence
spectrophotometric measurements of NM. Data from 2% of
grid sections (e.g., 2 out of 118) could riot be used due to
technical problems with dissection, handling, or measure-
ment.

[0086] Exemplary MRI measurement of NM signal in
post-mortem tissue. NM-MRI signal was measured in cor-
responding grid sections using a custom Matlab script.
Processing of NM-MRI images included automated removal
of voxels showing edge artifacts and signal dropout, aver-
aging over slices to create a two-dimensional (“2D”) image,
and registration with a grid of dimensions matching the grid
insert. The grid registration was adjusted manually based on
the well markers and grid-shaped edge artifacts present in
the superior-most slice where the grid insert rested. Signal in
the remaining voxels was averaged within each grid section.
To normalize signal intensity across specimens, CNR for
each grid section was calculated as in the in vivo voxelwise.
The reference region for each specimen was defined by the
3 grid sections that best matched the location of the crus
cerebri reference region used for in vivo scanning.

[0087] Exemplary Statistical analysis of post-mortem
data. A generalized linear mixed-effects (“GLME”) model
including data across all grid sections g and specimens s was
used to predict NM tissue concentration in each aid. section
based on mean NM-MRI CNR in the same grid section.
GLME analyses used an isotropic covariance matrix and
were fitted via maximum pseudo-likelihood estimation, as
implemented via the Matlab function fitglme. Likelihood-
ratio tests at p<0.05 favored reduced models without random
slopes. Therefore, all models included random intercepts but
not random slopes, as: [NM],Bo+B; -
CNR_+2,,"f, nuisance covariate +by,+e,,. The basic
model only included mean NM-MRI CNR 1n a given grid
section CNR,; as a fixed-effects predictor. Sections near the
PAG tended to have relatively high signal intensity but low
NM tissue concentration. Thus, an extended model included
a binary variable for PAG presence in grid sections (e.g.,
P.G+, PAG-) and an interaction term of NM-MRI CNRx
PAG as additional fixed-effects covariates (e.g., the interac-
tion was significant at p=0.040, confirming that NM-MRI
was less strongly related to NM concentration in PAG+
relative to PAG- regions). PAG+ grid sections (e.g., 1 to 5
per specimen) were defined as those situated at the posterior-
medial aspect of the specimen and consistent with the
anatomical location of the PAG. A control analysis addition-
ally included a fixed-effects covariate, indicating the pro-
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portion of voxels containing SN for each grid section,
defined as the proportion of voxels with CNR higher than
10% in grid sections deemed to contain SN upon visual
inspection. This latter control analysis aimed to test whether
regional. variability in NM-MRI CNR can predict regional
variability in NM tissue concentration even after accounting
for changes in both measures as a mere function of the
presence or absence of SN neurons in a given region (e.g.,
in combination with partial-volume effects).

Exemplary PET Imaging Procedure

[0088] Eighteen (18) subjects without neurodegenerative
illness (e.g., 9 healthy controls, 9 unmedicated schizophre-
nia patients) underwent PET scanning using the radiotracer
[*'C]raclopride and an amphetamine challenge to quantify
dopamine release capacity. All of these subjects also par-
ticipated in the psychosis study and are described below. A
baseline (e.g., pre-amphetamine) PET scan was conducted
on one day, and a post-amphetamine PET scan was acquired
the next day (see, e.g., Reference 69), 5-7 hours after
administration of dextroamphetamine (e.g., 0.5 mg/kg, p.o.).
Table 3 below shows PET scan parameters and character-
istics of participants in the PET study. For each PET scan,
list-mode data were acquired on a Biograph mCT PET-CT
scanner (Siemens/CTI, Knoxville Tenn.) over 60 minutes
following a single bolus injection of [*!C]raclopride, binned
into a sequence of frames of increasing duration and recon-
structed by filtered back projection using manufacturer-
provided software. PET data were motion-corrected and
registered to the individuals® T1-weighted MRI scan using
SPM2. ROIs were drawn on each subject’s T1-weighted
MRI scan and transferred to the coregistered PET data.
Time-activity curves were formed as the mean activity in
each ROI in each frame. The exemplary a priori ROI was the
associative striatum, defined as the entire caudate nucleus
and the precommissural putamen (see, e.g., References 33
and 70), a part of the dorsal striatum that receives nigros-
triatal axonal projections from SN neurons (see, e.g., Ref-
erences 22 and 23) and that has been consistently implicated
in psychosis. (See, e.g., Reference 23). Data were analyzed
using the simplified reference-tissue model (“SRTM”) (see,
e.g. References 71 and 72) with cerebellum as a reference
tissue to determine the binding potential relative to the
non-displaceable compartment (e.g., BP,,,). The primary
outcome measure was the relative reduction in BP,,
(ABP,,,), reflecting amphetamine-induced dopamine
release, a measure of dopamine release capacity. Amphet-
amine induces synaptic release of dopamine derived from
both cytosolic and vesicular stores. (See, e.g., Reference 31).
This results in excessive competition with the radiotracer at
the D2 receptor, and, simultancously, agonist-induced
D2-receptor internalization, both of which can cause
radiotracer displacement and lower BP,,,. (See, References
23 and 73-75). ABP,,, thus combines both effects and
reflects the magnitude of dopamine stores. Since these stores
depend on dopamine synthesis, the dopamine release capac-
ity PET measure can be relevant to dopamine function. It can
also be relevant to NM given that NM accumulation can be
driven by cytosolic dopamine (e.g., or by vesicular dop-
amine once it can be transported into the cytosol). (See, e.g.,
References 6, 10, and 19).
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Exemplary Arterial Spin Labeling (“ASL”) Perfusion
Imaging Study

[0089] Thirty-one (31) subjects without neurodegenera-
tive illness (e.g., 12 healthy controls, 19 schizophrenia
patients, 74% male [23/31], mean age 32 years) underwent
ASL functional MRI scanning at rest to quantify regional
CBF. All of these subjects also participated in the psychosis
study and are described below. Pseudo-continuous ASL
(e.g., 3D-pCASL) perfusion imaging was performed using a
3D background suppressed fast spin-echo stack-of-spiral
readout module with eight in-plane spiral inteleaves (e.g.,
TR=4463 ms, TE=10.2 ms, labeling duration-1500 ms,
post-labeling delay-2500 ms, no flow-crushing gradients,
FoV=240x240, NEX-3, slice thickness=4 mm) and an echo
train length of 23 to obtain 23 consecutive axial slices. A
labeling plane of 10-mm thick was placed 20 mm inferior to
the lower edge of the cerebellum. Total scan time was 259
s. The perfusion data were analyzed to create CBF images
using Functool software (version 9.4, GE Medical Systems).
CBF was calculated as in prior work. (See, e.g., Reference
76).

[0090] For preprocessing, CBF images were coregistered
to ASL-localizer images, which were then coregistered to T'1
images, with the coregistration parameters applied to CBF
images. CBF images Were then normalized into MNI space
using the same procedures described above for NM-MRI
scans. Mean CBF was calculated within the whole SN mask
and within the mask of SN voxels significantly related to
dopamine release capacity in the associative stratium. ROI-
based partial correlation analyses tested the relationship
between mean CBF and mean NM-MRI CNR in the same
mask, controlling for age and diagnosis.

Exemplary Psychosis Study

[0091] Thirty-three unmedicated patients with schizophre-
nia and 25 individuals at CHR for psychosis participated in
the study. Healthy controls were used for exploratory com-
parison purposes: one group (e.g., n=30) age-matched to the
schizophrenia group and another (e.g., n=15) age-matched
to the CHR group. See Tables 2 and 4 for demographic and
clinical information for all relevant groups.

Further Post-Mortem Experiment

[0092] Post-mortem specimens of human midbrain tissue
were obtained from The New York. Brain Bank at Columbia
University. Seven (7) specimens were obtained, each from
an individual who suffered. from Alzhemier’s disease or
other non-PD dementia at the time of death (e.g., ages 44 to
90; for further clinical and demographic information see
Table 1 below). None suffered from PD, Parkinsonian syn-
dromes, or any other movement disorder or neurodegenera-
tive illness affecting the SN, based on neuropathological
examination for accumulation of abnormal proteins such as
alpha-synuclein, beta-amyloid or tau. One case showed
marked decrease in neuronal density in the SN despite
clearly identifiable NM. Analyses excluding this one case
did not change the observed relationship between NM-MRI
CNR and NM concentration. Therefore, the data presented
include this case to increase statistical power. Specimens
were approximately 3-mm-thick slices of fresh frozen tissue
from the rostral hemi-midbrain of the right hemisphere
containing pigmented SN. They were stored at -80° C.
These specimens were scanned using the NM-MRI protocol,
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after which they were dissected for analyses of NM tissue
concentration. For the MRI scanning session, the specimens
were progressively thawed to 20° C., as verified via a laser
thermometer. Specimens were placed in a custom-made dish
3D-printed from MRI-compatible nylon polymer (NW
Rapid Mfg, McMinnville, Oreg.; see, e.g., FIGS. 6 A and 6C)
and a matching grid-insert lid was placed on top of the
specimen and affixed to hold the specimen in place. While
secured in the dish, specimens were fully immersed in an
MRI-invisible lubricant (Fomblin® perfluoropolyether Y25;
Solvay, Thorofare, N.J.) and placed in a desiccator or 30
minutes to remove air from the tissue. Wells in the four
cardinal points of the rim of the dish were filled with water
to mark its location and orientation in the MRI images. The
dishes were then placed on a custom stand inside a 32-chan-
nel, phased-array Nova head coil and scanned using the
exemplary 2D GRE-MT NM-MRI sequence described
above for in vivo imaging. The only changes in the post-
mortem scanning protocol were an increase in the resolution
(e.g., in-plane resolution 0.3125x0.3125 mm?, slice thick-
ness=0.60 mm) and a decrease in the FoV (e.g., 160x80).
[0093] After the scanning session, samples were refrozen
in place and marked with gridlines by applying methylene
blue dye (e.g., 0.05% water solution [5 mg/10 ml]; Sigma-
Aldrich, St. Louis, Mo.) to the tissue using the grid insert as
a stamp. Guides built into the walls of the dish ensured that
the orientation of the grid with respect to the specimen was
fixed at all times. Within 4 days post-scanning, partially
thawed specimens were dissected along gridlines after
extensive removal of Fontblin® by dripping tissue slices,
followed by gently roiling the surface of sections on ultra-
ctean filter paper. Dissection and manipulation of tissue
sections were performed with ceramic blades and titanium-
and-plastic forceps to avoid contamination from iron. Each
grid section (e.g., 3.5 mmx3.5 mmxapproximately 3 mm,
depending on the slice thickness), together with any adjacent
partial grid sections, was weighed, stored separately in
Eppendort tubes, and frozen. Specimens were thus divided
into 13-20 grid sections; the grid column and row number of
each dissected grid section was coded.

TABLE 1

Clinical and demographic information
for post-mortem specimens

Cold Frozen
post- post-
mortem mortem
Sample interval interval
D Age  Sex Diagnosis (hours) (hours)
1 81 F AD 6.5 19.3
2 76 F AD 55 18.2
3 44 M AD 2.8 20.8
4 72 M AD — 9.0
5 >88 — AD (probable) 3.1 25.7
6 >88 F Dementia 0.8 16.5
7 84 F AD (possible) 1.8 23.7
AD: Alzheimer’s disease.
F: female;
M: male.

Exemplary NM-MRI Analysis: Exclusion of Voxels with
Few Observations

[0094] To reduce the risk of type Il error, voxels were
excluded from the analysis if, after censoring of subject data
points with missing or extreme values, the t-test of the
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regression coeflicient 3, for a particular analysis had fewer
than 10 degrees of freedom (e.g., note that the degrees of
freedom take into account the sample size with usable data
in a given voxel as well as the number of model predictors).
This voxel exclusion only applied to the analysis relating
NM-MRI signal to dopamine release capacity given the
smaller sample size of the PET dataset, and this analysis was
thus performed for 1,341 resampled SN voxels (e.g., rather
than for the full mask of 1,807 resampled voxels). Selecting
exclusion thresholds anywhere between about 8-11 degrees
of freedom gave very similar results. See inset shown in the
graph of FIG. 9A for distribution of degrees of freedom for
all voxels in this analysis.

[0095] FIGS. 9A and 9B show exemplary scatterplots
illustrating how NM-MRI CNR correlates with measures of
dopamine function across individuals without neurodegen-
erative illness according to an exemplary embodiment of the
present disclosure. NM-MRI CNR correlates with measures
of dopamine function across individuals without neurode-
generative illness. The scatterplots shown in FIGS. 4A and
4B are shown in FIGS. 9A and 9B, indicating distinct
participant groups (e.g., the control group is shown as
element 905 and the schizophrenia patients are shown as
element 910). No interactions by group were found for either
analysis (all p>0.05). The inset histogram in FIG. 9A shows
the distribution of degrees of freedom (df; for t-test of the
regression coefficient 1) for all analyzed voxels in the
voxelwise analysis relating dopamine release capacity to
NM-MRI CNR. The presence of some NM-MRI scans
lacking full-coverage of the SN (e.g., due to interindividual
differences in anatomy) led to reduction in degrees of
freedom for some (e.g., more dorsal) voxels. These voxels
are represented as the minor mode on the left of the
histogram, where all voxels have degrees of freedom below
10. Thus, the cutoff for voxel exclusion was set at df<10.
(See e.g., broken line shown in the histogram of FIG. 9A.

Exemplary NM-MRI Analysis: Non-Circular Voxel
Selection for Estimation of Unbiased Effect Size

[0096] For voxelwise analyses, an unbiased measure of
effect size was generated by using a leave-one-out proce-
dure: for a given subject, voxels where the variable of
interest was related to NM-MRI signal were first identified
in an analysis including all subjects except for this (e.g.,
held-out) subject. The mean signal in the held-out subject
was then calculated from this set of voxels. This procedure
was repeated for all subjects so that each subject had an
extracted, mean, NM-MRI signal value obtained from an
analysis that excluded them. This unbiased voxel selection
and. data extraction thus avoided statistical circularity. Unbi-
ased estimates of effect size (e.g Cohen’s d or correlation
coeflicient) were then determined by relating these extracted
NM-MRI signal values to variables of interest across held-
out subjects and including the same covariates as in the
voxelwise analysis and an additional covariate indexing
subjects lacking full dorsal-SN coverage (e.g., due to dorsal-
ventral gradient in NM-MRI signal intensity).

Exemplary Neurochemical Measurement AM Concentration
in Post-Mortem Tissue: Examination of Chemical Agents
Applied To Post-Mortem Tissue

[0097] To test whether Fomblin® influenced NM mea-
surement, small cubes of SN pars compacta with similar
levels of pigmentation were dissected from a single healthy
subject. Some cubes (e.g, n=3) were immersed in Fomblin®,
then cleaned of the Fomblin® (e.g., drained and rolled oil
filter paper); the remaining cubes (e.g., n=5) were not
immersed in Fomblin® as control samples. NM concentra-
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tion was comparable in these two sets of cubes (e.g.,
meansstandard deviation: 0.82+0.08 versus 0.86+0.09 g
NM/mg wet tissue, respectively; t;=—0.62, p=0.56). The
water-soluble methylene blue dye was efficiently removed
during washing procedures in the exemplary standard pro-
tocol to measure NM concentration; moreover, it was con-
firmed that the absorption wavelength of this compound
(e.g., with a peak near 680 nm) can be far from that used in
the determination of NM concentration (e.g., 350 nm).

Exemplary MRI Measurement of NM Signal in
Post-Mortem Tissue: Automated Removal of Voxels
Showing Edge Artifacts and Signal Dropout

[0098] Processing of NM-MRI images included auto-
mated removal of low-signal voxels, including all voxels
outside of the specimen or voxels within the specimen
showing signal dropout. The threshold for exclusion of
low-signal voxels was determined for each specimen based
on the histogram of all voxels the image, which was fitted
using a kernel smoothing function. The threshold was
defined as the signal corresponding to the minimum lying
between the leftmost peak in the fitted histogram, corre-
sponding to low-signal voxels outside of the specimen, and
the rightmost peak, corresponding to higher-signal voxels
within the specimen (e.g., consistent with a bimodal distri-
bution).

[0099] To eliminate edge artifacts, the first exemplary
procedure was to define the boundaries between the speci-
men and the surrounding space outside the specimen and
between the specimen and areas of signal dropout. These
boundaries were defined in 3D and 2D. To do so, boundary
voxels of the specimen that lay directly next to low signal
voxels, (defined above, were labeled using the bwperim
function in Matlab these boundary voxels were defined for
the whole volume and also for a 2D flattened image created
by averaging over slices. These boundary voxels were
removed from the specimen (e.g., first the 3D border voxels
were removed from the 3D image, then the 2D boundary
voxels, dilated by 2 voxels, were removed from the resulting
flattened image). Finally, voxels with extreme signal values
(e.g., Cook’s distance>4/n in a constant-only linear regres-
sion model) relative to other voxels in the same 2D grid
section were removed. The resultant 2D image, cleaned of
edge artifacts, signal dropout and other outlier voxels, was
carried forward to the final analysis procedures.

Exemplary PET  Imaging
Post-Amphetamine PET Scan

[0100] Each subject received 2 post-amphetamine PET
scans for the purposes of a separate experiment, which was
previously published. (See, e.g., Reference 77). This previ-
ous study aimed at assessing the time course of receptor
internalization after an agonist challenge, measured via
prolonged displacement of the D2 radiotracer [*'C]raclo-
pride. PET scans were acquired in four sessions: baseline, 3
hours after amphetamine, 5 to 7 hours after amphetamine
and 10 hours after amphetamine, However, not all time
points post-amphetamine were available for all subjects,
Displacement was however highly stable and did not differ
between the 3-hours and the 5-7-hour time points (see, e.g.,
Reference 77) (ABP,,, indeed strongly correlated across
subjects between these two time points; r=0.75). Only one of
these post-amphetamine scans was used: the one adminis-
tered 5-7 hour post-amphetamine. The 5-7-hour time point
was selected (see, Reference 78), because this was the time
point with the most available data (e.g., missing for only
3/18 participants for whom it was substituted by data from
the 3 hour time point). Displacement at 5 to 7 hours

Study:  Timing  of
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post-amphetamine—like displacement at 3 hours post-am-
phetamine reflects the magnitude of dopamine release due to
amphetamine, which can be a combination of competition
between dopamine and the radiotracer for binding to the
receptor (see, e.g., Reference 79), and agonist-induced
receptor internalization, both of which depend on the mag-
nitude of agonist availability. (See, e.g., References 80 and
81). Thus, the 5-7-hour time point can be the optimal time
point for this study due to the larger number of subjects with
available data and given the observed stability of the dis-
placement between the 3-hour and the 5-7-hour time points.
At the 10-hour time point BP,, tended. to be higher, likely
due to a decrease in receptor internalization following,
recycling of receptors. Examining the 11 subjects with PET
data at 3 hours revealed that the effect size of the correlation
between NM-MRI CNR and ABP,,, at this 3 hour time point
was similar to that at the 5-7 hour time point.

Exemplary ASL Perfusion Imaging Study: CBF Calculation

[0101] CBF was calculated with the following equation
(see, e.g., Reference 82):

CBF = 6000xA

ST\ PLD
(1 —eTi ]e Tip Pw )
_LTN\SFpw PR
Zele(l —e le] P
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[0102] Here, the longitudinal relaxation time (T1) of blood
(T,,) was assumed to be 1.6 s at 3.0T, T1 of tissue (T,) 1.2
s, partition coefficient (A) 0.9, labeling efficiency (g) 0.6,
saturation time (“ST”) 2 s, labeling duration (“LT™) 1.5 s,
and post-labeling delay (“PLD”) 1,525 ms. PW can be the
perfusion weighted or the raw difference image; PR can be
the partial saturation of the reference image, and SF,;, can
be an empirical scaling factor (e.g., 32) used to increase the
dynamic range of the PW.

[0103] Exemplary Parkinson’s disease study. Twenty-
eight patients with idiopathic PD, as per UK Parkinson’s
Disease Society Brain Bank Criteria, were recruited either
from the Center for Parkinson’s Disease and other Move-
ment Disorders at the Columbia University Medical Center
or from the Michael. J. Fox Foundation Trial Finder website.
Patients were in the mild-to-moderate stages of disease (e.g.,
mean Unified Parkinson’s Disease Rating Scale [UPDRS]
off-medication score of 30, as administered by a movement
disorders neurologist, with an average disease duration of
7.3 years; Table 2 below). All patients had been receiving
L-DOPA treatment for at least 6 months. Eleven of the 28
patients were scanned in the off-medication state (e.g.,
defined as more than 12 hours since the last dose of
dopaminergic medication intake). NM-MRI signals did not
differ between patients scanned on versus off medication. An
age-matched sample of 12 healthy control participants (e.g.,
4 of which also participated in the psychosis study described
below) was recruited from the local community. (See, Table
2).

TABLE 2

Clinical and demographic characteristics of clinical samples for psychosis and

Parkinson’s disease studies.

PD-
matched PD vs.
Clinical Parkinson’s healthy matched
schizophrenia high-risk  disease controls controls
Characteristic (n=33) n=25 (=28 (m=12) (p-value)
Socio-demographic characteristics
Age, years [range] 339 £22 256097 63x11 62=x244 0.64
[19-58] [15-30] [51-72] [51-73]
Sex (male) 23 (70%) 13 (52%) 24 (86%) 9 (75%) 0.41
Race/ African- 17 6 0 2 0.014
ethnicity ~ American
Asian 2 1 0 2
Caucasian 7 10 26 7
Hispanic 5 2 2 1
Mixed 2 6 0 0
Parental SES 417 £24 445 £2.2 — — —
Clinical characteristics
Antipsychotic history 17/16 — — — —
(drug naive/drug fee)!
UPDRS Off — — 3018 15043 <0001
medication
On — — 20£ 1.5 — —
medication
MoCA — — 274043 29034 0.18
Disease duration, years — — 7.3 £0.64 — —
PANSS  Positive total ~ 16.9 + 0.93 — — — —
[range: 7-49]
Negative total  15.4 =0.99 — — — —
[range: 7-49]
General total  32.8 =+ 1.8 — — — —

[range: 16-112]
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TABLE 2-continued
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Clinical and demographic characteristics of clinical samples for psychosis and

Parkinson’s disease studie:

PD-
matched PD vs.
Clinical Parkinson’s healthy matched
schizophrenia high-risk  disease controls controls
Characteristic (n=33) n=25 (@=28 (n=12) (p-value)
SIPS Positive total — 15.6 £0.70 — — —
[range: 0-30]
Negative total — 174 =091 — — —
[range: 0-36]
Disorganization — 11.2 £ 0.53 — — —
total
[range: 0-24]
General total — 13.7 £ 0.68 — — —
[range: 0-24]

Means + standard error are given for continuous variables; number (and percentage) are given for categorical
variables. P-values for group comparison of Parkinson’s disease patients and healthy controls are given based

on two-sample t-tests for continuous variables and X tests for categorical variables.

1Antipsychotic medication status was considered “drug-naive” if lifetime exposure <6 weeks and none in

past 3 weeks, and “drug-free” if none in past 3 weeks.
Parental SES: parental socio-economic status as measured via the Hollingshead scale.

UPDRS: Unified Parkinson’s Disease Rating Scale.
MoCA: Montreal Cognitive Assessment.

PANSS: Positive and Negative Syndrome Scale (positive or psychotic symptoms of schizophrenia include
hallucinations and delusions; negative symptoms include emotional withdrawal and amotivation).

SIPS: Structured Interview for Prodromal Syndromes.
See Supplement for information on study participants for other studies.

[0104] Exemplary Schizophrenia sample. The inclusion
criteria were: age 18-55 years; DSM-FV criteria for schizo-
phrenia, sehizophreniform or schizoaffective disorder as per
the Structured Clinical Interview for DSM-IV Disorders
(“SC1D-FV”) (see, e.g., References 83 and 84); negative
urine toxicology; stable, outpatient medication-free status
for at toast three weeks. Exclusion criteria were: diagnosis
of bipolar disorder, active substance use disorders (e.g.,
except tobacco use disorders) or current substance use based
on urine toxicology. Patients were recruited from the out-
patient research facilities at NYSP1. Psychosis severity was
measured with the positive subscale of the Positive and
Negative Syndrome Scale (“PANSS”; positive total score
can be referred to as PANSS-PT) (see, e.g., Reference 85);
PANSS measures of negative symptoms and general psy-
chopathology (e.g., PANSS-NT and PANSS-GT, respec-
tively) were used as control variables.

[0105] Exemplary CHR sample. CHR individuals were
recruited from a longitudinal cohort study at the Center of
Prevention and Evaluation (“COPE”) at NYSPI. COPE
offers treatment to English-speaking individuals, aged 14 to
30 years, who are deemed to be at high-risk for psychosis.
These CHR individuals were help-secking and met criteria
for at least one of three psychosis-risk syndromes. as
assessed with the Structured Interview for Prodromal Syn-
dromes (“SIPS”). (See, e.g., Reference 86). This instrument
was also used to measure the severity of attenuated positive
psychotic symptoms (“SIPS-PT”); SIPS measures of nega-
tive symptoms (“SIPS-NT”) and general symptoms (“SIPS-
GT”) were used as control variables.

[0106] Although the exemplary system, method. and com-
puter-accessible medium was used to assess correlates of
psychosis severity within the clinical psychosis groups, two
separate, non-overlapping, groups of healthy controls were
used for exploratory comparison purposes: one (e.g., n=30)
age-matched to the schizophrenia group and another (e.g.,
n=15) age-matched to the CHR group. These groups were

recruited through advertisements and word of mouth.
Healthy controls were excluded for: current or past axis |
disorder (e.g., except tobacco use disorder; as per the
SCID-1V), history of neurological disorders or current major
medical illness, and first degree relatives with a history of
psychotic disorder.

[0107] Table 2 above shows demographic and clinical
information for all relevant groups (e.g. information On
psychosis controls is shown in Table 4 below). Socio-
economic status was measured with the Hollingshead inter-
view. (See, e.g., Reference 8.7).

TABLE 3

Sociodemographic and Positron Emission
Tomography (PET) data for PET study sample

Patients with

Healthy controls schizophrenia
Characteristic (n=9) (n=9)
Sociodemographic characeristics
Sex (male) 6 (66%) 6 (66%)
Age, years [range] 319 £25 319 3.2
[23-59] [20-47]
Race/ African- 4 5
ethnicity American
Asian 1
Caucasian 2 2
Hispanic 2
Subject SES 45.1 £5.1 207 2.8
Parental SES 479 £2.0 36.3 £43
Tobacco Users 2 (22%) 3 (33%)
Antipsychotic history — 5/4

(drug naive/drug free!)
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TABLE 3-continued

Sociodemographic and Positron Emission
Tomography (PET) data for PET study sample

Patients with

Healthy controls schizophrenia
Characteristic n=9) n=9) [0109]
PET parameters
Hours post-amphetamine® 53+1.3 53+1.0
Amphetamine level (ng/mL)? 74.1 £ 133 70.1 = 104

Radiotracer Mass (ug)® 23+£21,25+£13 1.8%06,2.0=09
Radiotracer Dose (mCi)®> 8.4 + 2.8, 11.2 £ 2.6 10.0 = 3.1, 10.8 = 2.9

Means + standard error are given for continuous variables; number (and percentage) are
given for categorical variables. P-values for group comparisons are given based on two
sample t-tests for continuous variables and X tests for categorical variables.

1Antipsychotic medication status was considered “drug naive” if lifetime exposure <6
weeks and none in as 3 weeks, and “drug-free” if one in past 3 weeks,
Mean at start of scan 5-7 hours post-amphetamine,

3Mean for scans at baseline and 5-7 hours post amphetamine.
SES: socioeconomic status.

TABLE 4
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more lateral and anterior, with no clear gradient along the
superior-inferior axis ($,=0.015, t,35,=5.87, p=107%; B,=0.
036, t,35, =17.1, p=107>%; B,=0.001, t,35,=—0.30. p-0.76;
multiple-linear regression analysis predicting partial r across
SN voxels as a function of their coordinates in x [absolute
distance from the midline], y, and z directions).
Psychosis-overlap voxels, in turn, tended to pre-
dominate in ventral and anterior aspects of the SN, and to a
lesser extent, in lateral aspects of the. SN ($,=0.22, t,,;=2.
86, p=0.004; §,=0.45; t,3,,=6.14, p=10""; B,==0.65, t, 503=—
6.69, p=107''; logistic regression analysis predicting pres-
ence of psychosis-overlap voxels as a function of their
coordinates in X [absolute distance from the midline], y, and
7 directions).

Exemplary Voxelwise Analyses Relating NM-MRI CNR to
Psychosis Severity in Each Clinical Group

[0110] When analyzing each clinical group separately, it
was determined that higher CNR in the SN correlated

Characteristics of psychosis sample and specific healthy-control groups

Clinical Controls
Controls for  high-risk for Schizophrenia  CHR wvs.
Schizophrenia schizophrenia individuals CHR vs. controls controls
Characteristic (n=33) (n = 30) (n =25) (n=15) (p-value) (p-value)
Socio-demographic characteristics
Age, years 33.9+£2.2 3422 256+097 235 +0.86 0.97 0.15
Sex (male) 23 (70%) 18 (60%) 13 (52%) 9 (60%) 0.42 0.46
Race/ African- 17 (52%) 12 (40%) 6 (24%) 3 (20%) 0.71 0.28
ethnicity ~ American
Asian 2 (6%) 1 (3%) 1 (4%) 2 (13%)
Caucasian 7 (21%) 6 (20%) 10 (40%) 3 (20%)
Hispanic 5 (15%) 7 (23%) 2 (8%) 4 (27%)
Mixed 2 (6%) 4 (13%) 6 (24%) 2 (13%)
Parental SES 41.7 £ 2.4 41922 445+£22 3569=x38 0.95 0.008
Clinical Characteristics
Nicotine users 3 (11%) 3 (12%) 1 (5%) 0 (0%) 0.96 1
PANSS  Positive total 16.9 £ 0.93 7.1 £ 0.09 — — <0.0001
[range, 7-49]
Negative total 15.4 = 0.99 89 =05 — — <0.0001
[range, 7-49]
General total 328+ 1.8 16.7 = 0.39 — — <0.0001
[range, 16-112]
SIPS Positive total — — 15.6 £ 0.70 2.8 £ 0.65 — <0.0001
[range, 0-30]
Negative total — — 174 £ 091 2.7 +1.02 — <0.0001
[range, 0-36]
Disorganization — — 112 £053 15+035 — <0.0001
total
[range, 0-24]
General total — — 13.7 = 0.68 2 +0.53 — <0.0001
[range, 0-24]

Means + standard error are given for continuous variables; number (and percentage) are given for categorical variables.

P-values for group comparisons are given based on two-sample t-tests for continuous variables and X? tests for categorical variables.
SES; socio-economic status.

PANSS: Positive and Negative Syndrome Scale (positive or psychotic symptoms of schizophrenia include hallucinations and delusions;

negative symptoms include emotional withdrawal and amotivation).
SIPS: Structured Interview for Prodromal Syndromes.

Exemplary Supplemental Results

Exemplary Topographic Relationships to Dopamine Release
Capacity and Psychosis Within SN Voxels

[0108] SN voxels with a stronger relationship between
NM-MRI CNR and dopamine release capacity tended to be

significantly with more severe psychosis in schizophrenia
(e.g., PANSS-PT scores: 404 of 1807 SN voxels; p.,,-
rectea=0.007, permutation test; peak voxel MNI coordinates
[x, v, z]: 5, =22, =20 mm) and non-significantly with
attenuated psychosis in CHR individuals (e.g., SIPS-PT
scores: 116 voxels, P,y recres~0-20, permutation test; peak
voxel MNI coordinates [x, y, z]: 10, =25, -18 mm; and
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FIGS. 10A and 10B). Eliminating the CHR individual who
was an outlier in the relationship of CNR in psychosis
conjunction voxels to SIPS-PT (see, e.g., FIGS. 10A and
10B) increased the number of voxels where higher CNR
correlated to SIPS-PT, although this relationship did not
reach statistical significance in the permutation test correct-
ing for multiple comparisons (e.g., 189 voxels, P, ecred0-
18).

[0111] FIG. 10A shows an exemplary graph illustrating a
comparison of clinical high-risk individuals fur psychosis to
age-matched healthy controls (e.g., bar 1005) according to
an exemplary embodiment of the present disclosure. All
CHR individuals are shown (e.g., bar 1010) as well as the
subgroups of CHR individuals who did and did not subse-
quently convert to full-blown psychotic illness (e.g., bars
1015 and 1020). FIG. 10B shows an exemplary graph
illustrating a comparison of unmedicated patients (e.g.,
control bar 1025) with schizophrenia (e.g., bar 1030) to
age-matched healthy controls according to an exemplary
embodiment of the present disclosure. Error bars indicate
means and SEM. Individual data points represent subjects.
No statistically significant differences in NM-MRI CNR
extracted from psychosis-overlap voxels were seen for any
group comparisons. Note that this is not representative of all
SN voxels or voxels that may have shown trends for group
differences (e.g., but that did not survive the corrected
threshold). The lack of group differences in psychosis-
overlap voxels indicates that SN regions that exhibit psy-
chosis effects do not exhibit diagnosis effects

Exemplary Comparison of MN-MRI CNR Across Groups

[0112] Aged-matched healthy control groups (e.g., n=30
and n=15, respectively) did not significantly differ from
patients with schizophrenia (e.g., n=33) or CHR individuals
(e.g., n=25) in CNR of the psychosis-overlap voxels,
although, numerically, the mean CNR was higher in schizo-
phrenia than in age-matched controls and was higher in
CHR individuals who went on to develop schizophrenia
compared to those CHR individuals who did not and age-
matched controls. (See, e.g., graphs shown in FIGS. 10A and
10B),

[0113] The exemplary voxel based analysis procedure
based on the dopamine biomarker neuromelanin can be used
to detect dopamine based psychosis in patients with schizo-
phrenia. There are currently no approved imaging tests that
are able to diagnose mental illness, differentiate between
different mental illnesses, predict the course of mental
illness, predict future response to treatment, or predict future
conversion to mental illness in high risk individuals. The
exemplary system, method, and. computer-accessible
medium can be performed with a standard hospital MRI
machine. The exemplary voxel-based procedure, when
method applied to NM-MRI, can be used as a biomarker of
dopamine based psychosis in patients with schizophrenia the
clinical setting. The exemplary system, method, and com-
puter-accessible medium can also be used to predict con-
version to schizophrenia in people who are at high risk.
Additionally, the exemplary system, method, and computer-
accessible medium can be used to diagnose or predict the
development of Parkinson’s disease, dementia with lewy
bodies, multiple system atrophy, progressive supranuclear
palsy, corticobasal degeneration, and parkinsonism-demen-
tia complex of Guam.
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Resonance Imaging Protocols for Region-of-Interest and
Voxelwise Analyses

[0114] The exemplary effect of various acquisition and
preprocessing parameters on the strength can be analyzed.
and. a test-retest reliability of the NM-MRI signal can be
evaluated to determine optimized protocols for both ROI
and voxelwise measures. Three new NM-MRI sequences
with slice-thickness of 1.5 mm, 2 mm, and 3 mm were
compared to the literature standard sequence with 3 mm
slice-thickness. (See, e.g., References 978 and 99). Using
the exemplary acquisition protocol, across the two acquired
scans, ICC values were obtained indicating excellent reli-
ability and high CNR, which could be achieved with a
different set of parameters depending on the measures of
interest and experimental constraints such as acquisition
time. A detailed analysis of the CNR and ICC provide
evidence for the optimal spatial-normalization software,
number of measurements (acquisition time), slice thickness,
and spatial smoothing.

Exemplary Methods

[0115] Ten (10) healthy subjects underwent 2 MRI exams
(e.g., test and re-test) on a 3T Prisma MRI (Siemens,
Erlangen, Germany) using a 64-channel head coil. The
test-retest scans were separated by a minimum of 2 days.
inclusion criteria were: age between 18 and 65 years and no
MRI contraindications. Exclusion criteria were: history of
neurological or psychiatric diseases, pregnancy or nursing,
and inability to provide written consent.

Exemplary Magnetic Resonance Imaging

[0116] A Tl-weighted (“T1w”) image was acquired for
processing of the NM-MRI image using a 3D magnetization
prepared rapid acquisition gradient echo (“MPRAGE”)
sequence with the following parameters: spatial resolu-
tion=0.8x0.8x0.8 min®; field-of-view (FOV)=166x240x256
mm?®; echo time (TE)=2.24 ms; repetition time (TR)=2,400
ms; inversion time (T1)=1060 ms; flip angle=8°; in-plane
acceleration, GRAPPA=2, (see, e.g., Reference 109); band-
width=210 Hz/pixel. A T2-weighted (“T2w”) image was
acquired for processing of the NM-MRI image using a 3D
sampling perfection with application-optimized contrasts by
using flip angle evolution (“SPACE”) sequence with the
following parameters: spatial resolution=0.8x0.8x0.8 mm®;
FOV=166x240x256 mm?®; TE=564 ms; TR=3,200 ms; echo
spacing=3.86 ms; echo train duration=1,166 ms; variable
flip angle (e.g, T2 var mode); in-plane acceleration=2;
bandwidth=744 Hz/pixel. NM-MRI images were acquired
using 4 different gradient 2D recalled echo sequences with
magnetization transfer contrast (e.g., 2D GRE-MTC). (See,
e.g., Reference 99). The following parameters were consis-
tent across the 4 2D GRE-MT sequences: in-plane resolu-
tion=0.4x0.4 mm? FOV=165x220 mm?; flip angle=40°;
slice gap=10 mm; bandwidth=390 Hz/pixel; MT frequency
offset=1.2 kHz; MT pulse duration=10 ms; MT flip
angle=300°; partial k-space coverage of MT pulse. (See,
e.g., Reference 99). The partial k-space coverage MT pulses
were applied in a trapezoidal fashion, (see, e.g., Reference
129), with ramp-up and ramp-down coverage of 20% and
plateau coverage of 40%. Other 2D GRE-MTC sequence
parameters that differed across the 4 sequences are listed in
Table 5. The order of the 4 NM-MRI sequences was ran-
domized across all subjects and sessions.
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TABLE 5
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2D GRE-MTC Sequence Parameters Used for NM-MRI.

Slice- Number Acquisition

TE TR Thickness Number of Time In-Plane
Sequence (ms) (ms) (mm)  of Slices Acquisitions (minutes:s) Acceleration
NM-1.5mm 411 444 1.5 16 11 10:51 2
NM-2 mm 3.61 321 2 12 15 10:42 2
NM-3 mm 3.61 214 3 8 23 10:56 2
NM-3 mm 3.87 273 3 10 10 11:02 None
Standard

Exemplary Neuromelanin-MRI Placement Protocol

[0117] Given the limited coverage of the NM-MRI pro-
tocol in the inferior-superior direction (e.g., approximately
30 mm), a detailed NM-MRI volume placement procedure
based on distinct anatomical landmarks was developed to
improve within-subject and across-subject repeatability. The
placement protocol makes use of the sagittal, coronal, and
axial 3D Tlw images. Furthermore, the coronal and axial
images were reformatted along the anterior commissure-
posterior commissure (“AC-PC”) line. The following is an
exemplary procedure used for NM-MRI volume placement:

[0118] 1. Identification of the sagittal image showing
the greatest separation between the midbrain and thala-
mus. (See image shown in FIG. 11A).

[0119] 2. Using the sagittal image from the end of
Procedure 1, finding the coronal plane that identities
the most anterior aspect of the midbrain. (See image
shown in FIG. 11B).

[0120] 3. Using the coronal image from the end of
Procedure 2, finding the axial plane that identifies the
inferior aspect of the third ventricle. (See images
shown in FIGS. 11C and 11D).

[0121] 4. Setting the superior boundary of the NM-MRI
volume to be about 3 mm (e.g., within about plus or
minus 20% of 3 mm) superior to the axial plane from
the end of Procedure 3. (See image shown in FIG. 11E).

An example of the final NM-MRI volume placement from a
representative subject is shown in the exemplary images in
FIG. 12.

Exemplary Neuromelanin-MRI Preprocessing

[0122] The intra-sequence acquisitions were realigned to
the first acquisition to correct for inter-acquisition motion.
The motion corrected NM-MRI images were subsequently
averaged. The average NM-MRI images were then coreg-
istered to the Tlw image. The Tlw image was spatially
normalized to a standard MNI template using 4 different
software: (1) ANTs, (see, e.g., References 95, and 96), (ii)
FSL, (see, e.g., References 92 and 115), (iii) SPM12’s
Unified Segmentation (e.g., referred to as SPM12 through-
out), (see, e.g., References 94 and 131), and (iv) SPM12’s
DARTEL (e.g., referred to as DARTEL throughout). (See,
e.g., References 93 and 131). The warping parameters to
normalize the T1w image to the MNI template were then
applied to the coregistered NM-MRI images using the
respective software. The exemplary resampled resolution of
the spatially normalized NM-MRI images was 1 mm, iso-
tropic. Additionally, the spatially normalized NM-MRI
images were spatially smoothed using 3D Gaussian kernels
with full-width-at-half-maximum (“FWHM”) of 0 mm (e.g.,

no smoothing), 1 mm, 2 mm, and 3 mm. All analyses using
manually traced ROIs used the standard 1 mm spatial
smoothing. All ROI-analysis results used 0 mm of spatial
smoothing and all voxelwise-analysis results used 1 mm of
spatial smoothing unless otherwise specified.

Exemplary Neuromelanin-MRI Analysis

[0123] The NM-MRI CNR at each voxel V was calculated
as the relative change in NM-MRI signal intensity [ from a
reference region RR of white matter tracts known to have
minimal NM content, the crus cerebri (“CC”), (see, e.g.,
Reference 97), and CNR ,=[I-mode(Iz)]/mode(Izy).
[0124] Two-way mixed, single score ICC [ICC(3,1)], (see,
e.g., Reference 141), were used to assess the test-retest
reliability of NM-MRI. This ICC is a measure of consistency
between the first and second measurements that does not
penalize consistent changes across all subjects (e.g., if the
retest CNR can be consistently higher than the test CNR for
all subjects). The maximum ICC was 1. indicating perfect
reliability, ICC over 0.75 indicates “excellent” reliability,
ICC between 0.75 and 0.6 indicates “good” reliability, ICC
between 0.6 and 0.4 indicates “fair” reliability, and ICC
under 0.4 indicates “poor” reliability. (See, e.g., Reference
100). ICC(3,1) values were calculated for three conditions:
the average CNR within a given ROI (e.g., ICC value per
ROIL ICCg,,)); the across-subject voxelwise CNR (e.g., 1
ICC value per voxel; ICC ,,); the within-subject voxelwise
CNR (e.g., 1 ICC value per subject; ICCyy). ICCg,;
provides a measure of the reliability of the average CNR
within an ROI across all subjects, thus providing a measure
of the reliability of the ROI-analysis approach. ICC g,
provides a measure of the reliability of CNR . at each voxel
within an ROI across all subjects, thus providing a measure
of the reliability of the voxelwise-analysis approach.
ICC;5, provides a measure of the reliability of the spatial
pattern of CNR,- across voxels within each of the subjects
individually which provides a complementary measure of
reliability of the voxelwise-analysis approach.

[0125] The ROIs used included a manually traced mask of
the SN (see, e.g., Reference 97). and ROIs of the SN/VTA-
complex nuclei: SN pars compacta (“SNc”). SN pars reticu-
lata (“SNr”), ventral tegmental area (VTA), and parabrachial
pigmented nucleus (“PBP”) as defined from a high-resolu-
tion probabilistic atlas. (See, e.g., Reference 130). FIGS.
13A-13D show the ROIs overlaid on a template NM image
according to an exemplary embodiment of the present
disclosure. In particular, FIG. 13A illustrates the average
NM-MRI image created by averaging the spatially normal-
ized NM-MRI images from 10 individuals in MNI space.
Note the high signal intensity in the SN. FIG. 13B illustrates
masks for the SN (e.g., voxels 1305) and the CC (e.g., voxels
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1310) reference region (e.g., used in the calculation of CNR)
are overlaid onto the template in FIG. 13A. These anatomi-
cal masks were made by manual tracing on a NM-MRI
template from a previous study. FIG. 13C illustrates the
same average NM-MRI image from FIG. 13A. FIG. 13D
illustrates probabilistic masks for the VTA, SNr, SNc, and
PBP as defined from a high-resolution probabilistic atlas
overlaid onto the template in FIG. 13C. The scaling for
probabilistic masks goes from P=0.5 to P=0.8.

Exemplary Results

[0126] The test-retest MRI exams were separated by
13+13 (e.g., meanzstandard deviation) days on average with
a median of 8 days, minimum of 2 days, and maximum of
38 days. Of the 10 subjects, 4 were male and 6 were female;
4 were Caucasian and 6 were Asian; 9 were right-handed and
1 was left-handed. The average age was 27+5 years (e.g.,
meansstandard deviation). None of the subjects reported
current cigarette smoking or recreational drug use.

Exemplary Acquisition Time

[0127] Plots of ICCg,; and CNR,,,; within the manually
traced mask as a function of acquisition time for each of the
NM-MRI sequences and spatial normalization software are
shown in the graphs of FIGS. 14A-14D, which illustrate
NM-1.5 mm (e.g., line 1405), NM-2mm (e.g., line 1410),
NM-3 mm (e.g., line 1415) and NM-3 mm standard (e.g.,
line 1420). For example, the top graph of each of FIGS.
14A-14C illustrates ICCy,; and the bottom graph of each of
FIGS. 14A-14C illustrates and CNR ,, within the manually
traced mask of the SN/VTA-complex (see e.g., FIG. 13B) as
a function of acquisition time. Exemplary data points denote
the median and error bars indicate the 25% and 75% percen-
tiles. In general, all NM-MRI sequences and spatial normal-
ization software achieved excellent test-retest reliability
within 3 minutes of acquisition time and CNR,,,, was not
affected by acquisition time. The NM-1.5 mm sequence had
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the highest CNR,,; for all spatial normalization software
while the NM-3 mm sequence had the lowest.

[0128] Plots of the ICC gy, TCCyyqp, and CNR - within the
manually traced mask as a function of acquisition time for
each of the NM-MRI sequences and spatial normalization
software are shown in the graphs of FIGS. 15A-15D, which
illustrate NM-1.5 min (e.g., line 1505), NM-2 mm. (e.g., line
1510), NM-3 mm (e.g., line 1515) and NM-3 mm standard
(e.g., line 1520). For example, the top graph illustrates
ICC 5y, the middle graph illustrates ICC ;5 and the bottom
graph illustrates CNR ;, of voxels within the manually traced
mask of the SN/VTA-complex (see e.g., FIG. 13B) as a
function of acquisition time. Data points denote the median
and error bars indicate the 25” and 75 percentiles. Spatial
normalization software and NM-MRI sequences except for
NM 3-mm achieved excellent test-retest reliability within 6
minutes of acquisition time and CNR,, was not affected by
acquisition time. The NM-1.5 mm sequence had the highest
CNRy; for all spatial normalization software while the
NM-3 ram sequence had the lowest.

Exemplary Choice of NM-MRI Sequence

[0129] Scatterplots of the ICC ;- and CNR ,of each voxel
within the manually traced mask for each of the NM-MRI
sequences and. spatial normalization software are shown in
the scatter plots shown in FIGS. 16A-16D, which illustrate
NM-1.5 min (e.g., scatter plot 1605), NM-2 mm (e.g., scatter
plot 1610), NM-3 mm (e.g., scatter plot 1615) and NM-3
mm standard (e.g., scatter plot 1620). Table 6 lists the 25”
percentile, median, and 757 percentile of ICC ;. and CNR .
values shown. in FIG. 16. The NM-1.5 mm sequence
consistently showed. the highest CNR,, greatest spread in
CNR, lowest correlation between CNR ;- and ICC 4, and
high ICC g, across all spatial normalization software.
Because the NM-1.5 mm sequence demonstrated the best
performance, further optimization was performed for this
sequence and the following sections only use data from this
sequence.

TABLE 6

ICC 45p» CNRy, and Spearman’s rho of their relationship for each NM-MRI
sequence and spatial normalization software. ICC 45;- and CNRy- values are from within
the manually traced mask of the SN/VTA-complex (see, e,g., Figure 13B) and are listed

as 257 percentile, median, 75 percentile. Spearman’s rho values represent the
relationship between ICC ;- and CNR,- of voxels within the manually traced mask.

Spatial
Normalization

Sequence Software ICC 451 CNR, P
NM-1.5 mm ANTs 0.86, 0.91, 0.94 13.2,17.3, 21.6 0.26
FSL 0.82, 0.88, 0.92 12.6, 16.2, 19.7 0.22
SPM12 0.77, 0.86, 0.91 16.7, 20.4, 23.8 0.26
DARTEL 0.85, 0.89, 0.92 15.3,18.8, 22.3 0.25
NM-2 mm ANTs 0.87, 0.92, 0.95 12.7,16.1, 19.3 0.37
FSL 0.73, 0.90, 0.95 11.5, 144, 17.5 0.49
SPM12 0.65, 0.81, 0.90 14.5,17.9, 21.1 0.35
DARTEL 0.81, 0.88, 0.92 14.3,17.3, 19.9 0.26
NM-3 mm ANTs 0.21, 0.77, 0.93 7.9, 10.6, 13.4 0.42
FSL 0.51, 0.83, 0.94 5.9,9.5,12.2 0.33
SPM12 -0.04, 0.24, 0.91 9.9, 124, 149 0.27
DARTEL 0.32, 0.80, 0.86 7.3,10.2, 129 0.54
NM-3 mm ANTs 0.84, 0.95, 0.97 11.3, 14.6, 17.1 0.30
Standard FSL 0.86, 0.94, 0.96 11.3, 13.7, 159 0.35
SPM12 0.70, 0.84, 0.89 13.2, 16.2, 18.6 0.42
DARTEL 0.85, 0.91, 0.94 10.5,13.2, 153 0.47
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Exemplary Choice of Spatial Normalization Software

[0130] To determine which spatial normalization software
can be used for voxel-wise-analysis of NM-MRI data,
multiple linear regression analysis predicting ICC g, of
voxels within the manually traced mask as a function of their
coordinates in x (e.g., absolute distance from the midline), y,
and z directions was used. With an optimal method, the ICC
can be highest and homogeneous across voxels such that the
voxel’s anatomical location may not predict its associated
ICC value. This analysis showed that ANTs achieved the
best performance in that anatomical position was least
predictive of ICC ;4. and it provided the highest ICC ;.
FIG. 17A shows an exemplary graph of the predictive value
(R?) of anatomical position on ICC ,,-and ICC - of voxels
within manually traced mask of the SNIVIA-complex (see
e.g., FIG. 13B) for NM-1.5 mm sequence and each of the
spatial normalization software according to an exemplary
embodiment of the present disclosure.

[0131] In particular, FIG. 17A illustrates ANT, (e.g., line
1708), FSL (e.g., line 1710), SPM,, (e.g., line 1715), and
DARTEL (e.g., line 1720). Data points denote the median
and error bars indicate the 25 and 75" percentiles. FIG. 178
shows an exemplary histogram of ICC ;. of voxels within
the manually traced mask for NM-1.5 mm sequence and
ANTs spatial normalization software, which can be the best
performing method., as shown in FIG. 17A according to an
exemplary embodiment of the present disclosure. FIG. 17C
shows an exemplary histogram of ICC - of voxels within
the manually traced mask for NM-1.5 mm sequence and
SPM12 spatial normalization software, which can he the
worst performing method as shown in FIG. 17.A. Area 1725
denotes excellent reliability (e.g., ICC over 0.75), area 1730
denotes good reliability (e.g., ICC between 0.75 and 0.6),
area 1735 denotes fair reliability (e.g., ICC between 0.6 and
0.4), and area 1740 denotes poor reliability (e.g., ICC under
0.4). This result was consistent with a previous study where
ANTs outperformed 13 other spatial-normalization proce-
dures. (See, e.g., Reference 118).

Exemplary Effect of Spatial Smoothing

[0132] FIG. 18 shows an exemplary graph illustrating the
effect of spatial smoothing on ICC ;- and CNR, of voxels
within the manually traced mask of the SN/VTA-complex
(see e.g., FIG. 13B) for different degrees of spatial smooth-
ing tier 0 mm (e.g., line 1805), 1 mm (e.g., line 1810), 2 mm
(e.g., line 1815) and 3 min (e.g., line 1820). Data points
denote the median and error bars show the 25* and 75
percentiles. Greater amounts of spatial smoothing lead to
significantly lower CNR . and significantly higher ICC
(Wilcoxon signed rank test, P<0.001 for all after correction
for multiple comparisons). Relative to the one-lower degree
of spatial smoothing (e.g., 2 mm vs 1 mm), spatial smooth-
ing with 1 mm FSHM achieved the greatest increase in
ICC 5 and lowest decrease in CNR,, 0.03 and -0.09,
respectively. Although there was still a significant difference
in ICC,,,, and CNR, between spatial smoothing with
FWHM of 0 mm and 1 mm, the minimal difference in CNR ,-
and overall improvement in the robustness of voxelwise-
analysis and spatial normalization in particular, support the
use of spatial smoothing with 1 mm FWHM.
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[0133] Analyses Using Probabilistic Atlas of Dopaminer-
gic Nuclei
[0134] Using a recent high-resolution probabilistic atlas

that identified the SN/VTA-complex nuclei, (see, e.g., Ref-
erence 130), the feasibility of obtaining reliable measures of
NM-MRI signal in these nuclei were analyzed. Such mea-
sures can be valuable for basic and clinical neuroscience,
particularly for the VTA. given its importance for reward
learning, (see, e.g., References 125, 136 and 147), and
affective processing. (See, e.g., References 104 and 108).
Plots of the ICC,,, and CNR,, within the probabilistic
masks as a function of acquisition time for the NM-1.5 mm
sequence and ANTs spatial normalization software and
various probability cutoffs are shown in the graphs of FIGS.
19A-19D, which illustrate VTA (e.g., line 1905), SN, (e.g.,
line 1910), SN, (e.g., line 1915), and PBP line 1920). For
example, the top graph of each of FIGS. 19A-19D illustrates
ICCy; and the bottom graph illustrates CNR,; within the
probabilistic masks of the SN/VTA-complex nuclei (see,
e.g., FIG. 13D) with different probability cutoffs (0.5, 0,6,
0.7, and 0.8) as a function of acquisition time. Data points
denote the median and error bars indicate the 25 and 75”
percentiles

[0135] In general, excellent test-retest reliability was
achieved for all nuclei and all probability cutoff values
within 6 minutes of acquisition time. Similar to CNR in the
manually traced mask, the CNRy,; was not affected by
acquisition time. The highest CNR was consistently
observed in the SNr and SNc, then the PBP, and the lowest
CNR in the VTA.

[0136] Having established the ability to reliably measure
NM-MRI within SN/VTA-complex nuclei, how distinct the
NM-MRI signal within each nuclei is was analyzed. The
SN/VTA-complex nuclei are believed to have distinct ana-
tomical projections and functional roles, so independently
measuring signals from these nuclei can facilitate the inves-
tigation into these distinct anatomical circuits and functions,
Although the nuclei are anatomically distinct, the potential
for cross-contamination of the NM-MRI signal exists due to
partial volume effects and spatial blurring due to MRI
acquisition and the spatial normalization procedure. The
independence of CNR,,, values measured within the indi-
vidual SN/VTA-complex nuclei was assessed by nonpara-
metric Spearman’s correlation, FIG. 20 shows a set of
exemplary correlations and histograms of the CNR,; val-
ues within the 4 SN/VTA7-complex nuclei (see e.g., FIG.
13D) for the lowest (e.g., P=0.5) and highest (e.g., P=0.8)
probability cutoffs. The value within each correlation plot is
Spearman’s rho. Overall, CNR was highly correlated across
the four nuclei, particularly for ROI definitions based on a
probability cutoff of P=0.5.

Exemplary Discussion

[0137] The exemplary system, method and computer-ac-
cessible medium, according to an exemplary embodiment of
the present disclosure, can utilize a volume placement
protocol for NM-MRI in order to perform a test-retest study
design to quantitatively derive recommendations for NM-
MRI sequence parameters and preprocessing methods to
achieve reproducible NM-MRI for ROI and voxelwise
analyses. Additionally, by using a high-resolution probabi-
listic atlas, the reproducibility of NM-MRI measurements in
specific nuclei within the SN/VTA-complex were deter-
mined. Overall, excellent reproducibility was observed in all
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ROlIs investigated and for voxels within the ROIs. Based on
the exemplary results, it can he beneficial to acquire at least
6 minutes of data for voxelwise-analysis or dopaminergic-
nuclei-ROl-analysis and at least 3 minutes of data for
standard ROI-analysis. Additionally, it can be beneficial to
acquire NM-MRI data with 1.5 mm slice-thickness, using
ANTs for spatial normalization, and performing spatial
smoothing with a 1 mm FWHM 3D Gaussian kernel for
voxelwise-analysis and no spatial smoothing for ROI-analy-
sis, especially for analysis of nuclei.

[0138] High ICC values observed using the exemplary
system, method and computer-accessible medium indicate
that NM-MRI using 2D GRE-MT sequences achieve excel-
lent reproducibility across several acquisition and prepro-
cessing combinations. This can he in agreement with a
previous report that observed an ICC, ,, value 0of 0.81 for SN
in 11 healthy subjects. (See, e.g., Reference 121). Higher
ICCg oy values (e.g., approximately 0.92) were observed
even though the. exemplary system, method and computer-
accessible medium used a template defined SN mask and the
two MRI scans were separated by 13x13 days instead of
using a subject-specific semi-automated thresholding
method for SN mask generation, (see, e.g., Reference 99).
and having test-retest scans within a single session in one
day (e.g., in which subjects were removed from the scanner
after the first session, repositioned on the table, and scanned
again). The exemplary system, method and computer-acces-
sible medium, according to an exemplary embodiment of the
present disclosure, can be used to identify anatomical land-
marks to improve the reproducibility of volume placement
across sessions. Previous studies focused on ROI measures,
and did not measure voxel-wise ICC. In contrast, the exem-
plary system, method and computer-accessible medium can
use voxel-wise CNR measures to obtain reliably. Another
recent study measured ICC ;- in 8 healthy and 8 patients
with schizophrenia, also with both MRI sessions on the same
day (approximately 1 hour apart). (See, e.g., Reference 97).
That study observed a median ICC 4, value of 0.64 and an
ICCg o value of 0.96. The higher ICC ;- observed in the
present study could be due to the inclusion of only healthy
subjects as well as the detailed volume placement protocol.

[0139] In addition to ICC values, the strength of the
NM-MRI signal and the range of CNR values was used.
Because correlation-based approaches can be common for
voxel-wise-analysis, a greater range in CNR values within
the SNNTA-complex can provide greater statistical power.
Another important factor in the exemplary analysis was the
relationship between CNR and ICC. To confirm that voxel-
wise analysis effects are not driven solely by high, or low,
CNR voxels due to lower measurement noise in those
voxels, it can be beneficial to have homogeneously high ICC
values independent of CNR. The exemplary ANTs-based
procedure applied to NM-MRI data with 1.5 mm slice-
thickness accomplishes this independence.

[0140] The exemplary system, method and computer-ac-
cessible medium, according to an exemplary embodiment of
the present disclosure, was used to illustrate how the NM-
MRI signal within the nuclei can be highly reproducible
with approximately 6 minutes of data. Overall, the highest
was observed CNR in the SNc and SNr, followed by the
PBP, then the VTA. This can be consistent with reports of
higher degree of NM pigmentation in the SN than the VTA.
(See, e.g., References 112 and 123). However, the NM-MRI
signal was highly correlated across nuclei. This finding can
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indicates that NM-MRI may only provide a measure of the
general function of the dopamine system and may not be
specific to nuclei with distinct anatomy and function. While
this can be true, the exemplary study included a limited
number of subjects. Additionally, it can be possible that the
different functional domains of the dopamine system can be
highly correlated in healthy subjects and small errors in the
realignment and spatial normalization processes could cause
signal from different nuclei becoming mixed. These con-
cerns could be partially mitigated through the use of a
voxelwise-analysis. (See, e.g., Reference 97).

[0141] The exemplary system, method and computer-ac-
cessible medium, according to an exemplary embodiment of
the present disclosure, was used to test 2 NM-MRI
sequences with 3 mm slice-thickness: NM-3 mm and NM-3
mm Standard. The main difference between these two NM-
MRI sequences was the use of in-plane acceleration, the
number of slices, the TE, and the TR. These parameters were
changed relative to the literature standard protocol (e.g.,
NM-3 mm Standard) to accommodate the increased number
of'slices utilized for similar coverage in the higher resolution
sequences (e.g, NM-1.5 mm and NM-2 mm). Although the
higher resolution sequences did not seem to be affected,
increased noise due to in-plane acceleration could have
caused the lower reproducibility observed for the NM-3 mm
sequence compared to the NM-3 mm Standard sequence.
(See. e.g., Reference 132). An alternative explanation can be
that the reduced number of slices results in reduced perfor-
mance of the realignment and coregistration steps (resulting
from less anatomical information for the procedures to work
with) leading to reduced reproducibility. All images were
manually inspected at each step and no obvious errors
occurred but small-scale deviations in the preprocessing
could impact the reproducibility.

[0142] FIG. 21 shows a flow diagram of an exemplary
method 2100 for determining a dopamine function of a
patient according to an exemplary embodiment of the pres-
ent disclosure. For example, at procedure 2105, imaging
information of a brain of the patient can be received. At
procedure 2110, a coronal 3D T1lw image or an axial 3D
T1w image can be reformatted along an anterior commis-
sure-posterior commissure (AC-PC) line of the brain of the
patient. At procedure 2115, a sagittal image showing a
largest separation between a midbrain of the patient and a
thalamus of the patient can be identified. At procedure 2120,
a coronal image that has a coronal plane in the sagittal image
that identifies a most anterior aspect of the midbrain can be
determined. At procedure 2125, an axial plane in the coronal
image that identifies an inferior aspect of a third ventricle of
the brain of the patient can be determined. At procedure
2130, setting a superior boundary of the NM-MRI volume to
be within a particular distance superior to the axial plane can
be set. At procedure 2135, a Neuromelanin (NM) concen-
tration of the patient can be determined based on the imaging
information, for example using a voxel-wise procedure. At
procedure 2140, a variance in the NM concentration, for
example at each voxel in the imaging information, can be
determined using a NM-MRI contrast-to-noise ratio (CNR).
At procedure 2145, the dopamine function can be deter-
mined based on the NM concentration. At procedure 2150,
information correlating with a brain disorder of the patient
can be determined based on the dopamine function. At
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procedure 2155, further information correlating with a
severity of the brain disorder can be determined based on the
dopamine function.

[0143] FIG. 22 shows a block diagram of an exemplary
embodiment of a system according to the present disclosure.
For example, exemplary procedures in accordance with the
present disclosure described herein can be performed by a
processing arrangement and/or a computing arrangement
(e.g., computer hardware arrangement) 2205. Such process-
ing computing arrangement 2205 can be, for example
entirely or a part of or include, but not limited. to, a
computer/processor 2210 that can include, for example one
or more microprocessors, and use instructions stored on it
computer-accessible medium (e.g., RAM, ROM, hard drive,
or other storage device).

[0144] As shown in FIG. 22, for example a computer-
accessible medium 2215 (e.g., as described herein above, a
storage device such as a hard disk, floppy disk, memory
stick, CD-ROM, RAM, ROM, etc., or a collection thereof)
can be provided (e.g., in communication with the processing
arrangement 2205). The computer-accessible medium 2215
can contain executable instructions 2220 thereon. In addi-
tion or alternatively, a storage arrangement 2225 can be
provided separately from the computer-accessible medium
2215, which can provide the instructions to the processing
arrangement 2205 so as to configure the processing arrange-
ment to execute certain exemplary procedures, processes,
and methods, as described herein above, for example.
[0145] Further, the exemplary processing arrangement
2205 can be provided with or include an input/output ports
2235, which can include, for example a wired network, a
wireless network, the internet, an intranet, a data collection
probe, a sensor, etc. As shown in FIG. 22, the exemplary
processing arrangement 2205 can be in communication with
an exemplary display arrangement 2230, which, according
to certain exemplary embodiments of the present disclosure,
can be a touch-screen configured for inputting information
to the processing arrangement in addition to outputting
information from the processing arrangement, for example,
Further, the exemplary display arrangement 2230 and/or a
storage arrangement 2225 can be used to display and/or
store data in a user-accessible format and/or user-readable
format.

[0146] The foregoing merely illustrates the principles of
the disclosure. Various modifications and alterations to the
described embodiments will be apparent to those skilled in
the art in view of the teachings herein. It will thus be
appreciated that those skilled in the art will be able to devise
numerous systems, arrangements, and procedures which,
although not explicitly shown or described herein, embody
the principles of the disclosure and can be thus within the
spirit and scope of the disclosure. Various different exem-
plary embodiments can be used together with one another, as
well as interchangeably therewith, as should be understood
by those having ordinary skill in the art. In addition, certain
terms used in the present disclosure, including the specifi-
cation, drawings and claims thereof, can be used synony-
mously in certain instances, including, but not limited to, for
example, data and information, It should be understood that,
while these words, and/or other words that can be synony-
mous to one another, can be used synonymously herein, that
there can be instances when such words can be intended to
not be used synonymously. Further, to the extent that the
prior art knowledge has not been explicitly incorporated by
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reference herein above, it is explicitly incorporated herein in
its entirety. All publications referenced are incorporated
herein by reference in their entireties.
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1. A non-transitory computer-accessible medium having
stored thereon computer-executable instructions for deter-
mining a dopamine function of at least one patient, wherein,
when a computer arrangement executes the instructions, the
computer arrangement is configured to perform procedures
comprising:

receiving imaging information of a brain of the at least

one patient;

determining a Neuromelanin (NM) concentration of the at

least one patient based on the imaging information; and
determining the dopamine function based on the NM
concentration.

2. The computer-accessible medium of claim 1, wherein
the computer arrangement is configured to determine the
NM concentration using a voxel-wise analysis procedure.

3. The computer-accessible medium of claim 2, wherein
the computer arrangement is configured to use the voxel-
wise analysis procedure to determine at least one topo-
graphical pattern within a substantia nigra (SN) of the brain
of the at least one patient.

4. The computer-accessible medium of claim 3, wherein
the at least one topographical pattern includes at least one
pattern of cell loss in the SN.

5. The computer-accessible medium of claim 1, wherein
the NM concentration is based on a NM loss in the brain of
the at least one patient.

6. The computer-accessible medium of claim 1, wherein
the imaging information is magnetic resonance imaging
(MRI) information.

7. The computer-accessible medium of claim 6, wherein
the computer arrangement is further configured to determine
a variance in the NM concentration using a NM-MRI
contrast-to-noise ratio (CNR).
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8. The computer-accessible medium of claim 7, wherein
the computer arrangement is further configured to determine
the NM-MRI CNR at each voxel in the imaging information.
9. The computer-accessible medium of claim 8, wherein
the computer arrangement is configured to determine the
NM-MRI CNR as a relative change in a NM-MRI signal
intensity from a reference region of white matter tracts in the
brain of the at least one patient.
10. The computer-accessible medium of claim 1, wherein
the computer arrangement is further configured to determine
information correlating with a brain disorder of the at least
one patient based on the dopamine function.
11. The computer-accessible medium of claim 10,
wherein the brain disorder includes at least one of (i)
schizophrenia, (ii) bipolar disorder, or (iii) Parkinson’s dis-
ease.
12. The computer-accessible medium of claim 10,
wherein the computer arrangement is further configured to
determine further information correlating with a severity of
the brain disorder based on the dopamine function.
13. The computer-accessible medium of claim 1, wherein
the imaging information includes (i) at least one sagittal
three-dimensional (3D) T1w image, (ii) at least one coronal
3D Tlw image, and (iii) at least one axial 3D T1w image.
14. The computer-accessible medium of claim 1, wherein
the computer arrangement is further configured to determine
a magnetic resonance imaging (MRI) volume placement in
the imaging information.
15. The computer-accessible medium of claim 14,
wherein the computer arrangement is configured to deter-
mine the MRI volume placement by:
a) identifying a sagittal image showing a largest separa-
tion between a midbrain of the at least one patient and
a thalamus of the at least one patient; and

b) determining a coronal image that has a coronal plane in
the sagittal image that identifies a most anterior aspect
of the midbrain.

16. The computer-accessible medium of claim 15,
wherein the computer arrangement is configured to deter-
mine the MRI volume placement by:
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a) determining an axial plane in the coronal image that
identifies an inferior aspect of a third ventricle of the
brain of the at least one patient; and

b) setting a superior boundary of the NM-MRI volume to
be within a particular distance superior to the axial
plane.

17. The computer-accessible medium of claim 16,

wherein the particular distance is about 3 mm.

18. A method for determining a dopamine function of at

least one patient, comprising:

receiving imaging information of a brain of the at least
one patient;

determining a Neuromelanin (NM) concentration of the at
least one patient based on the imaging information; and

determining the dopamine function based on the NM
concentration.

19-31. (canceled)

32. The method of claim 31, wherein the MM volume

placement is determined by:

a) identifying a sagittal image showing a largest separa-
tion between a midbrain of the at least one patient and
a thalamus of the at least one patient; and

b) determining a coronal image that has a coronal plane in
the sagittal image that identifies a most anterior aspect
of the midbrain.

33-34. (canceled)

35. A system for determining a dopamine function of at

least one patient, comprising:
a computer hardware arrangement configured to:
receive imaging information of a brain of the at least
one patient;

determine a Neuromelanin (NM) concentration of the
at least one patient based on the imaging informa-
tion; and

determine the dopamine function based on the NM
concentration.

36-51. (canceled)



