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DETERMINATION OF ACCELERATED BRAIN ATROPHY
USING COMPUTED TOMOGRAPHY

CROSS-REFERENCE TO RELATED APPLICATION(S)

[0001]  This application relates to and claims priority from U.S. Patent Application No.
62/182,132, filed on June 19, 2015, the entire disclosure of which is incorporated herein by

reference.

FIELD OF THE DISCLOSURE

[0002] The present disclosure relates generally to computed tomography (“CT”), and
more specifically, to exemplary embodiments of an exemplary system, method and
computer-accessible medium for the determination of accelerated brain atrophy and

radiodensity using serial computed tomography.

BACKGROUND INFORMATION

[0003] In order to test therapeutics for Alzheimer’s disease (“AD”), it can be important to
first be able to assess disease progression. Underlying clinical progression in AD can include
neuropathologic changes that follow a pattern of spreading atrophy throughout the brain,
starting in the medial temporal lobe. (See, e.g., Reference 1). With the prospect of disease-
modifying therapies, early detection and accurate monitoring of such progression can be an
important goal. The most frequently studied iz vivo marker for AD progression is the brain
atrophy rate derived from serial magnetic resonance imaging (“MRI”). Numerous cross-
sectional studies have reported the average brain volume loss in AD to be several times
greater than approximately 0.5%/year rate in non-demented elderly. (See, e.g., References 2-
5). Accelerated within-subject brain volume loss has also been reported. (See, e.g.,
Reference 6).

[0004]  Serial imaging facilitates specific assessment of progression, as the patient serves
as his or her own reference baseline. In addition to AD, assessments of brain atrophy rates
can also be of importance in hydrocephalus, traumatic injury and multiple sclerosis, since
they can help gauge brain insult and its response to treatment. (See, e.g., References 7-9).
[0005]  As early as in the 1980s, serial CT imaging studies showed abnormally large
ventricular and sulcal enlargement in AD patients. Later, after the advent of MRI, the

emphasis was placed on calculation of atrophy using MRI, given the better soft tissue
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Whereas there are virtually no published studies of brain atrophy in CT for Alzheimer’s
disease, modern CT has many advantages over MRI, including: (i) lower cost of both the
imaging system and patient exam, (e.g., CT is less than about 1/2 of the cost of MRI), (ii)
100 times faster speed of acquisition (e.g., fewer motion artifacts), (iii) availability, (iv)
spatial resolution, and (v) fewer limitations related to claustrophobia and the presence of
ferromagnetic material (e.g., metal) in the body. The disadvantages of CT include lower
contrast/noise, and exposure of the patient to ionized radiation. While radiation exposure can
be of concern, the risk/benefit equation can be age- and organ-dependent, favoring the use of
CT to study brain atrophy in the elderly.

[0006] Chronic subdural hematoma (“cSDH”) has become increasingly prevalent in the
aging civilian and veteran population, and is projected to become the most common
indication for an adult cranial procedure in the United States by 2030. (See, e.g., Reference
25). Itis tenfold more common among Veterans Administration patients than civilians (see,
e.g., Reference 25), and has a high mortality in the veteran population, with about 32% of
afflicted patients between ages 65 and 96 dying within 1 year of diagnosis. (See, e.g.,
Reference 26). ¢SDH has a high recurrence rate (see, e.g., References 27, 28, 29, and 30),
and patients often need prolonged hospitalization and rehabilitation. (See, e.g., References 31
$000373). cSDH has traditionally been treated by surgical drainage via craniotomy or burr
hole craniostomy in the operating room, or more recently, by twist drill craniostomy at the
patient bedside. The purpose of drainage for cSDH is not only to relieve immediate mass
effect on the brain, but also to remove toxic blood break-down products. Iron toxicity is a
potential effector of cognitive outcome. (See, e.g., References 33, 34, 39, and 36). Increased
extent of drainage of cSDH correlates with improved clinical outcomes, such as increased
survival (see, e.g., Reference 37), reduced recurrence (see, e.g., References 38 and 39) and
better functional outcome. (See, e.g., Reference 40).

[0008] Meta-analysis of 830 publications comparing craniotomy, burr holes and twist-drill
for cSDH, found burr hole craniostomy to have the best outcome of the three treatment
options by a narrow margin. After correction for selection bias, craniotomies resulted in the
most deaths, burr holes resulted in the most nonfatal complications, and twist drills had the
highest recurrence with the least proportion cured. (See, e.g., Reference 41). The increased
recurrence of hematomas with twist drills has been found in several other studies (see, e.g.,
References 42, 43, 44 and 45) and it is hypothesized to be at least partially due to suboptimal
fospplacehbenturrent standard of care for twist drill craniostomy drainage of ¢SDH is that

surgeon approximates optimal placement of the drain site with attention to the density,
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thickness and shape of the cSDH based on viewing of a series of two-dimensional CT

More optimal placement of bedside twist drill craniostomies could potentially improve
drainage, shorten hospitalization, reduce recurrence and improve cognitive outcomes. Since
twist drills are performed at the bedside, with decreased anesthesia, their improved efficacy
enable decreased perioperative anesthetic complications.

[0010] Thus, it may be beneficial to provide an exemplary system, method and computer-
accessible medium for the determination of accelerated brain atrophy, radiodensity and
optimal drainage site using CT, which can overcome at least some of the problems presented

herein above.

SUMMARY OF EXEMPLARY EMBODIMENTS

[0011] To that end, in order to overcome some of the deficiencies presented herein above,
an exemplary system, method and computer-accessible medium for determining an
attribute(s) of a brain of a patient, can include, for example, receiving information obtained
from a computed tomography (“CT”) scan(s) of a portion(s) of the brain, generating a CT
image(s) that can be based on the information, and determining the attribute(s) of the brain
based on the CT image(s) by segmenting an intracranial space (ICS) or the lesion of interest
(e.g. hematoma) in the CT image(s). The attribute(s) can include a presence or absence of
Alzheimer’s disease, and can also include a total volume of the brain, brain volume as a
percent of cranial cavity or volume of the lesion, or attribute(s) of the lesion (e.g. centroid,
most dependent part). The ICS can be segmented by performing thresholding CT image,
which can be a parallel procedure. The procedure can be performed by selecting a plurality
of voxels in the second imaging information that have a particular CT attenuation range,
where the range can be from about -500 Hounsfield units (HU) to about +125 HU.

[0012] In some exemplary embodiments of the present disclosure, small soft tissue
structures that link the brain to a face of the patient can be substantially eliminate from the
image(s). The small soft tissue structures can be eliminated using a morphological erosion
procedure. A default radius of the morphological erosion procedure can be about 5
millimeters. The small soft tissue structures can include nerves and blood vessels. The
morphological erosions thus performed may result in the loss of ICS volume, which can be
recovered using morphological dilations. The ICS volume can thus be determined based on
CT image(s). The ICS can be decomposed into at least two distinct portions, which can
cerebral spinal fluid (“CSF”) volume of the patient and the brain. The ICS can be

by separating the CSF volume from the brain by selecting all ICS voxels having an
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value within a fluid range. The fluid range can be less than about 16 Hounsfield units. The
attenuation values for the fluid range can be determined from a multimodality co-registration
procedure, which can be based on CT and T,-weighted magnetic resonance imaging. The
attenuation values can also be determined by visually inspecting CT scan and changing the
upper and lower thresholds till satisfactory results are obtained.

[0013] According to a further exemplary embodiment of the present disclosure, exemplary
system, method and computer-accessible medium can be provided for determining a drainage
site of a lesion(s) in a patient. For example, it is possible to receive a location of the lesion in
a CT image(s), determine an attribute(s) of the lesion(s) based on the location, and ascertain
the drainage site based on the attribute(s). The attribute(s) can include (i) a centroid, (i1) a
density weighted centroid, (iii) a major axis, (iv) a minor axis, (v) a topmost part of the lesion
or (vi) a most dependent part of the subdural hematoma. The attribute(s) can be determined
based on at least one of (i) a shape of the lesion(s), (i1) a type of the lesion(s) or (iii) a
septation of the lesion(s). The lesion(s) can be (i) a hematoma, (ii) a subdural hygroma, (iii)
an abscess on a surface of a brain of the patient or (iv) a solid that has aspirated through a
drain of the patient. The drainage site can be a point on a scale that can be determined based
on the attribute(s). The location of the lesion(s) in the CT image can be automatically
determined by a computer and/or can be identified by a person(s).

[0014] In certain exemplary embodiments of the present disclosure, information obtained
from a CT scan(s) of the lesion(s) can be received, and a CT image(s) can be generated based
on the information. The drainage site can be an optimal drainage site.

[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 accompanying
Figures showing illustrative embodiments of the present disclosure, in which:

[0017]  Figure 1 is an exemplary graph illustrating longitudinal changes in brain volume
according to an exemplary embodiment of the present disclosure;

[0018]  Figure 2 is an exemplary graph illustrating the data from Figure 1 with brain
volume expressed as a percent of cranial activity according to an exemplary embodiment of

the present disclosure;
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[0019]  Figure 3 is an exemplary graph illustrating changes in brain radiodensity according
to an exemplary embodiment of the present disclosure;

[0020] Figure 4A is a set of exemplary images of a computed tomography head scan
according to an exemplary embodiment of the present disclosure;

[0021] Figure 4B is a set of exemplary images of the identification of the intracranial
space (e.g., Stage I) according to an exemplary embodiment of the present disclosure;

[0022] Figure 4C is a set of exemplary images of the separation of the intracranial space
(e.g., Stage II) into brain parenchyma and cerebrospinal fluid according to an exemplary
embodiment of the present disclosure;

[0023] Figure 5 is an exemplary image of a stage I intracranial space according to an
exemplary embodiment of the present disclosure;

[0024]  Figure 6A is a set of exemplary images of a brain according to an exemplary
embodiment of the present disclosure;

[0025]  Figure 6B is an exemplary graph illustrating the histogram of the intracranial space
of a computed tomography scan image according to an exemplary embodiment of the present
disclosure;

[0026] Figure 6C is an exemplary graph illustrating the histogram of the intracranial space
of T2 magnetic resonance imaging data according to an exemplary embodiment of the
present disclosure;

[0027]  Figure 7 is an exemplary image of exemplary results of an SDH segmentation on
CT images according to an exemplary embodiment of the present disclosure;

[0028]  Figure 8 is an exemplary image of the exemplary calculation of the centroid and a
major and minor axis of a subdural hematoma according to an exemplary embodiment of the
present disclosure;

[0029]  Figure 9 is an exemplary graph illustrating the changes in the brain volume over
time according to an exemplary embodiment of the present disclosure;

[0030] Figure 10 is an exemplary image of an exemplary segmentation procedure
according to an exemplary embodiment of the present disclosure;

[0031] Figure 11 is a set of exemplary images of exemplary axial CT scans according to
an exemplary embodiment of the present disclosure;

[0032] Figure 12A is an exemplary flow diagram of an exemplary method for determining
an attribute of a brain of a patient according to an exemplary embodiment of the present

disclosure;
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[0033] Figure 12B is an exemplary flow diagram of an exemplary method for determining
a drainage site of a lesion in a patient according to an exemplary embodiment of the present
disclosure; and

[0034]  Figure 13 is an illustration of an exemplary block diagram of an exemplary system
in accordance with certain exemplary embodiments of the present disclosure.

[0035]  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 disclosure 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 embodiments illustrated in the figures and

the appended claims.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0036] The exemplary system, method and computer-accessible medium, according to an
exemplary embodiment of the present disclosure, can be used to calculate the volumetric
thickness and density of a cSDH in three-dimensions. An exemplary procedure for the
placement of twist drill craniostomy can be guided by volumetric and segmentation analysis
and can account for density, thickness and the shape of a cSDH, in order to facilitate better
hematoma drainage than the traditional estimation of location.

[0037]  Thus, the exemplary system, method and computer-accessible medium, according
to an exemplary embodiment of the present disclosure, can determine the optimal drainage
site for cSDH as a function of distance from the attributes of the subdural hematoma, (e.g.
thickest portion, most dependent portion, centroid). Subdural drains placed closer to the
centroid of a hematoma can result in optimal drainage. The exemplary system, method and
computer-accessible medium, according to an exemplary embodiment of the present
disclosure, can also determine the optimal drainage site for cSDH as a function of density
throughout the subdural hematoma. Subdural drains placed in regions of the subdural
hemorrhage that are less dense on segmentation analysis can result in optimal drainage.
Additionally, the exemplary system, method and computer-accessible medium, can determine
the optimal placement of a twist drill craniostomy accounting for density, thickness and shape
simultaneously. The exemplary analysis of pre and post-operative films from patients who
have undergone twist drill craniostomy can reveal that drains placed closer to an optimal
location, accounting for density, thickness and shape of a ¢cSDH, have resulted in better

drainage than suboptimally placed drains.
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[0038] The exemplary measure of the outcome of using the exemplary system, method
and computer-accessible medium, can include the rate of residual hematoma. Additionally,
outcome measurements can include, for example, radiographic (e.g., the amount of
progressive cerebral atrophy after drainage, cSDH recurrence), and clinical (e.g., Functional
Independence Measure, modified Rankin Scale score, mortality). This can facilitate a
procedure that can potentially significantly reduce morbidity and mortality for cSDH in both
veteran and civilian populations by improving the efficacy of bedside treatment. The
exemplary procedure can be programmed into image viewing software such that the surgeon
can see where the optimal drain site is while viewing the images of the cSDH.

[0039] Chronic subdural hematoma is an important health problem. ¢SDH is a condition
that primarily impacts the elderly and others with brain atrophy. Its incidence ranges
between about 13.5 to about 58.1 per 100,000 persons/year. (See, e.g., References 25 and
46). In the increasingly aging civilian population, studies predict that cSDH will surpass
primary brain tumors (e.g., up to 14 per 100,000/year) (see, e.g., Reference 47), and
metastases (e.g., approximately 28 per 100,000/year) (see, e.g., Reference 48) to become the
most common cranial surgical condition once approximately 20 to 25% of the population is
greater than 65 years old. (See, e.g., Reference 46). Among patients treated at VA hospitals,
who are disproportionately male and older, cSDH has an incidence of about 79.4 per 100,000
per year, with projections of an incidence rate of about 121.4 ¢SDH cases per 100,000/year in
the VA population by the year 2030. (See, e.g., Reference 25). Age, alcoholism and prior
history of traumatic brain injury are risk factors for cSDH that disproportionately affect the
veteran population and account for the increased risk relative to civilians.

[0040]  Alcohol use can increase the risk of chronic subdural hematoma. Department of
Defense surveys have found members of the military to have higher rates of heavy alcohol
use than civilians. (See, e.g., Reference 49). One study found that veterans of age 61-70
were 73% more likely to report heavy drinking than civilians, even after accounting for
demographic differences. (See, e.g., Reference 50). Alcoholism has a significant correlation
with the incidence of subdural hematoma: about 14.7% of cSDH patients were alcoholic in
Sweden (see, e.g., Reference 51), and about 13% were alcoholic in Spain. (See, e.g.,
Reference 52). Alcohol can increase risk for cSDH by increasing brain atrophy, impeding
liver function resulting in coagulopathy (see, e.g., Reference 53), and impairing balance and
judgment, leading to multiple falls and brain injuries.

[0041] Traumatic brain injury can increase the risk of chronic subdural hematoma.

Traumatic brain injury (“TBI”) represents a signature injury of modern warfare, and affects
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as many as one fourth of injured service members. (See, e.g., Reference 55). Brain injury of
diverse etiology can result in regional or global brain atrophy and increase risk for cSDH.
(See, e.g., References 53, 55, 56, and 57). Subdural hemorrhage is caused by the tearing of
bridging veins between the brain and dura and thus atrophy increases risk. (See, e.g.,
References 53 and 58). Vascularization of the expanded subdural space, and local
inflammation, can contribute to cSDH recurrence. (See, e.g., References 59, 60, 61, and 62).
[0042] Despite its growing prevalence, the outcome of cSDH remains poor. Patients
treated for cSDH are at risk for intracerebral hemorrhage, seizures, exacerbation of
comorbidities associated with the interruption of anticoagulant therapy, and other
complications associated with hospitalization of the elderly. Up to 20% of patients have poor
neurologic outcomes resulting in significant disability. (See, e.g., References 45, 57, 63, and
64). Perioperative mortality for cSDH ranges from about 1.2% to about 11%. One-year
mortality among elderly patients treated with a drainage intervention is about 30% to about
32%. (See, e.g., Reference 26). The mean survival of post-cSDH patients is about 4.4 to
about 4.7 years, which is significantly shorter (e.g., hazard ratio of about 1.94, p<0.0002)
than the mean of 6.0 years survival computed from actuarial life-tables. (See, e.g., Reference
26). The mortality rate for relatively younger cSDH patients, age 55-64 years, is 17 times the
age-matched population rate. (See, e.g., References 45, 57, 63, and 64). The median length
of stay for a cSDH is 8 days, which is higher than the median length of stay for age matched
patients undergoing brain tumor resection performed by the same neurological service. (See,
e.g., Reference 57).

[0043] Current treatment for subdural hematoma needs improvement. Generally, chronic
subdural hematoma is managed by craniotomy, burr hole or twist drill craniostomy. While
chronic subdural hematoma can resolve spontaneously (see, e.g., References 65 and 66), an
untreated hematoma can be fatal if it results in mass effect and herniation, or causes a deficit
that spirals into medical complications. (See, e.g., Reference 53) Surgical intervention has
been shown to improve outcomes and decrease mortality of cSDH, with one estimate adding
3.2 years (e.g., p=0.001) to average survival. (See, e.g., Reference 37). Patients with large
c¢SDHs who undergo drainage have a more complete neurological recovery and less
recurrence (e.g., about 15%) as compared to those who do not undergo drainage (e.g., about
26%). (See, e.g., Reference 67). Thus surgery can either be necessary, or have utility, for
c¢SDH management. Three surgical procedures for evacuation of subdural hematomas are in

use today: (i) craniotomy, which some surgeons reserve for patients with membranes or
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loculation confounding ¢SDH evacuation, (ii) burr hole craniostomy and (iii) percutaneous
twist-drill craniostomy (“TDC”).

[0044]  Twist drill craniostomy can be as effective as burr hole craniostomy. However,
twist drill craniostomy needs better efficacy. Twist drill craniostomy is often performed at
the patient bedside, while burr hole craniostomy and craniotomy are generally performed in
the operating room. A meta-analysis of 830 publications prior to 2010 defining the utility of
each procedure as a function of recurrence, death, and other complications found burr hole
craniostomy to have the best outcomes of the three treatment options by a narrow margin.
After correction for selection bias, craniotomies resulted in the most deaths, burr holes
resulted in the most nonfatal complications and twist drills had the most recurrence with the
least proportion cured. (See, e.g., Reference 41). Increased recurrence of hematomas with
twist drills has been previously confirmed (see, e.g., References 42, 43, 44 and 45) and can be
partially attributed to suboptimal drain placement. Multiple cohort studies and meta-analyses
of studies published after 2010 failed to find a difference in recurrence rates as well as
mortality, morbidity, and cure rates (see, e.g., References 29, 30, 31, and 68) between burr
hole and twist drill craniostomy. This discrepancy between studies can be explained by the
advancement of twist drill craniostomy technology over time, the introduction of new
techniques such as irrigation through the catheter and/or increased operator experience as
more practitioners adopted this treatment. However, perception among surgeons that twist
drills have a high recurrence rate impacts treatment selection. Burr hole craniostomy remains
the most broadly popular surgical option for primary chronic subdural hematomas in most
reporting countries. (See, e.g., References 43, 69, 70, and 71). 85% of Canadian
neurosurgeon respondents to a treatment survey in 2005 preferred single or double burr holes
to any other surgical treatment for cSDH. (See, e.g., Reference 43).

[0045]  Patients undergoing bedside procedures, such as twist drill, can be treated sooner
after diagnosis because treatment does not require an operating room time slot and
mobilization of a team. (See, e.g., Reference 31). Because twist drill craniostomy requires
less anesthetic burden, and is often performed under local anesthesia (see, e.g., Reference 44)
it is ideal for treatment of ¢cSDH in the elderly, who are the most at risk for perianesthetic
morbidity and mortality. (See, e.g., Reference 72). Twist drill craniostomy can also be
economically advantageous since it reduces operating room and equipment cost as well as
postoperative care time. A retrospective study found a cost savings of $1770 per procedure
(e.g., p=0.05) and a 4 day reduction in length of stay favoring twist drill over burr hole

craniostomy in a VA institution. (See, e.g., Reference 31). The reduced length of stay was
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due to both a shorter interval between diagnosis and treatment, and a shorter postoperative
intensive care unit stay. If twist drill technique can be optimized to decreased recurrence
rates so that it is unequivocally superior to burr holes, then patients can benefit from faster
treatment, decreased anesthesia and shorter length of hospital stay.

[0046] The clinical outcome of cSDH drainage can be related to the amount of blood left
on the brain. However, the presence of loculations in chronic subdural hematoma does not
fully explain ¢SDH recurrence. Modern treatment for cSDH continues to have high
recurrence rates, with an average of about 11% of patients recurring within three years. (See,
e.g., References 27, 28, 73, and 74). ¢SDH recurrence has been attributed to loculations
dividing the subdural hematoma into compartments that cannot be accessed with a single
drain. (See, e.g., Reference 60). This problem may be addressed with membranectomy of
the loculations during burr hole craniostomy or craniotomy in the operating room (see, e.g.,
References 75 and 76); unfortunately, not all loculations are able to be treated in this manner,
and resection of membranes does not have a significant effect on overall cSDH recurrence
burden in meta-analyses. (See, e.g., References 29, 30, and 60).

[0047] Recurrence can be partially due to the toxic effect of blood break down products
on the brain and subdural space. Loculations are likely an indirect factor in recurrence,
which can be more directly linked to the amount of remaining hematoma fluid after drainage.
This fluid can contain increased concentrations of cytokines, inflammatory mediators and
fibrinolytic factors. (See, e.g., References 59, 60, 61, and 62). In addition, factors that can
increase the pressure of the hematoma space relative to the underlying subarachnoid layer,
such as the presence of subdural fluid and/or air, cerebral atrophy, and cerebrospinal fluid
(“CSF”) reduction, can delay collapse of the space between brain and dura and prevent brain
re-expansion, resulting in increased cSDH recurrence. (See, e.g., References 38, 39, 53, and
77). Thus, the removal of a large amount of subdural hematoma fluid, without introducing
air or otherwise enabling maintenance or expansion of the subdural space, can significantly
reduce recurrence. A study of 63 ¢cSDH patients treated with burr hole craniostomy
demonstrated a significant difference in recurrence rate based on the drainage catheter
position, determined by post-hoc imaging analysis. (See, e.g., Reference 39).

[0048] Reduced post-operative hematoma volume can be associated with better outcomes.
A retrospective study of 140 cSDH patients treated with burr hole craniostomy analyzed the
characteristics of the pre-and post- operative CT scans and tracked residual volume,
recurrence, and cognitive outcome by the modified Rankin Scale (“mRS”). Residual

hematoma thickness was a significant predictor both of good and poor clinical outcomes
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(e.g., defined by mRS threshold of >2) and of recurrence. This result remained significant on
multivariate analysis with several other factors. The difference of mean thickness for good
versus poor clinical outcome was about 2.5mm, and recurrence versus no recurrence was
about 2.3mm. The thickness threshold for poor recovery was about 14mm. The study did
not include quantitative volumetric measures. (See, e.g., Reference 40).

[0049] Despite current exemplary procedures, the localization of bedside drainage
placement can be improved. Burr hole craniostomy localization can tolerate error better than
twist drill craniostomy localization. Burr hole craniostomy can result in a larger diameter
opening than twist drill, and thus can facilitate more rapid fluid egress, as well as creating a
margin for error. The extra diameter of a burr hole can also facilitate maneuvering of a
drainage catheter a smaller amount, in order to optimize drainage location after estimation
with the initial burr hole. Twist drill craniostomies are generally arbitrarily and
approximately positioned over the cSDH’s greatest depth, or sometimes a point near there
where gravity can favor drainage. (See, e.g., Reference 78). The decreased diameter of a
twist drill hole may not enable drain manipulation to correct for initial inaccuracies in drain
placement. Decreased recurrence of cSDH with burr hole versus twist drills can be
accounted for by increased capability for maneuvering of the drainage catheter into an
optimal position even after suboptimal localization.

[0050]  Visual estimation of best placement for twist drill craniostomy using a head CT
can be difficult. Higher success rates, and lower recurrence rates, with twist drill
craniostomy are noted when treating homogenously hypodense rather than mixed density
subdural hematomas. (See, e.g., References 78 and 79). Mixed density subdural hematomas
are prevalent due to acute-on-chronic rebleeding events, which can deposit blood in several
stages of hematoma development over time. (See, e.g., Reference 53). Moreover, unlike
epidural hematomas, subdural hematomas, and especially chronic subdural hematomas with
mixed density products, do not have a classic “lens” shape that can facilitate the easy
distinction of the point of maximal displacement, determined in studies by rigorous
calculation (see, e.g., Reference 78) but performed in practice by visual estimation. Thus, the
development of a standardized exemplary procedure for determining the point of maximal
displacement for complex, challenging subdural hemorrhages can be beneficial. This
exemplary procedure can then be used to alter localization of a drain to reduce residual

hematoma and recurrences.

Exemplary Methods
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[0051]  Exemplary Patient Selection: The Veterans Affairs, New York Harbor Healthcare
(e.g., VISNO3) database was searched for digital CT head or brain exams performed from
2004 to 2014. All patients with at least 4 CT scans extending over a period of 1 year or more
were selected. Medical records of selected patients were then searched and reviewed to
identify 33 patients diagnosed with probable AD. The remaining patients deemed to be free
of dementia were on the average younger than the AD group. The lower limit of age for
control subjects was then increased in intervals of 3 years till both AD and non-demented
patients matched on baseline age. A total of 72 patients, 33 under AD category and 39 under
non-AD category were identified, with 191 exams for AD patients and 245 exams for the
non-AD group. The whole brain, cerebral spinal fluid (“CSF”), intracranial space volumes
and brain radiodensity were measured on 4 — 12 CT exams. Longitudinal measures were then
related to disease status and time since first scan using hierarchical models. In order to
demonstrate optimal drainage location in subdural hematoma, 4 patients with varying amount
of subdural hematoma were selected.

[0052] Exemplary CT Protocol: All CT scans were obtained on Toshiba Aquilion 16 or
Aquilion 64 helical scanners (e.g., Toshiba, Tustin, CA). Acquisition parameters were as
follows: (1) peak tube voltage 120 kVp, (i1) x-ray tube current 150-300 mAs, (ii1) field of
view 20-25 cm yielding in-plane resolution about 0.790-0.463 mm, (iv) soft-tissue
reconstruction kernel FC64 (e.g., 377 exams for 61 patients, 27 with AD) or FC67 (e.g., 59
exams for 11 patients, 6 with AD), (v) matrix size 512x512, (vi) 28-35 slices (e.g., 10th and
90th percentile) (e.g., Range: 24 to 368; 16 studies with > 100 slices [161 to 368 slices] and
four studies with 24 to 26 slices), and (vii) axial-slice thickness 4.6 - 5 mm (e.g., 10th and
90th percentile) (e.g., Range: 0.45 to 5.00 mm).

[0053] Exemplary Preprocessing of CT scans: In order to eliminate variability that can
result from the use of different CT reconstruction methods (e.g., kernels), for each subject,
images computed with the kernel that was employed in the highest number of exams for this
subject were selected.

[0054] Exemplary Image Analysis Procedure: Total intracranial and total brain volumes
were assessed using locally developed fully automated software, with no operator
intervention. In the first procedure, intracranial space (“ICS”) was segmented. For ICS the
exemplary procedure can select voxels with CT attenuation in the range of about [-500,+125]
Hounsfield units (“Hu”), perform morphologic erosion (e.g., a two-dimensional or three-
dimensional erosion) of about 6 mm radius that can disconnect the extra cranial soft tissue

from the interior of the cranial cavity, can retain the largest connected component and end

12



10

15

20

25

30

WO 2016/205811 PCT/US2016/038408

with constrained morphologic dilation. The CSF volume was then separated from the brain
tissue by selecting all ICS voxels with attenuation values within the fluid range, (e.g., below
16 Hu). The threshold of about 16 Hu was selected by a multimodality CT/MRI optimization
study using T>-weighted images as the gold standard for CSF volume. (See, e.g., Reference
10). CSF masks included the entire ventricular and sulcal space. CT attenuation values of all
brain voxels were then averaged as brain radiodensity and for all CSF voxels as CSF
radiodensity. No coregistration procedures or other normalization procedures were used. All
volumes reflected absolute measurements in milliliters, and attenuation values were
expressed in Hu. For the subdural hematoma patients, the lesion on CT scans was manually
segmented.

[0055] The exemplary segmentation analysis according to an exemplary embodiment of
the present disclosure can be performed on pre-drainage CT scans, which can include, e.g.: (i)
the segmentation of subdural hematoma from rest of the soft tissue, (i1) the calculation of the
slice of maximum subdural hematoma, (iii) the determination of centroid on the slice with
maximum hematoma volume, and (iv) the determination of the point on skull nearest to
centroid (e.g., test location). This scan can then be co-registered with a post-drainage CT
scan (e.g., by using rigid, also known as Euclidean transformation). The actual location of
the twist drill craniostomy can then be determined relative to the post-drainage CT scan and
the distance between actual twist drill location and test location was calculated. The post-
drainage CT scan can be processed separately to calculate residual subdural hematoma
volume.

[0056] The exemplary SDH segmentation can be performed manually. For example,
Figure 7 shows an exemplary image of the typical results of the exemplary segmentation
procedure. Figure 8 shows an exemplary image of the centroid calculated, the
mathematically determined point to be drilled, and the major and minor axes. An exemplary
relationship between distance of drainage sites from mathematically determined reference
sites and residual hematoma volume is suggested.

[0057]  The population of the VISNO3 regional VA system with a recorded head CT
without prior hemorrhage was filtered for patients who had a record of twist drill craniostomy
procedure performed any time after their first head CT. Four patients who underwent twist
drill for cSDH were identified. With the exception of one patient, all procedures were
performed at the bedside. Patients were excluded if they did not have any head CT scans at
most 3 days before and 3 days after their drainage procedure. The DICOM files for the head

CT scans of all four patients were available, de-identified and downloaded.
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[0058] For example, 4 patients were selected at random from the group described above.
Using the exemplary procedures described above, pre and post drainage CT images were
processed, and total cSDH volume, slice with maximum blood volume, the centroid of the
slice with maximum volume and the point on skull closest to centroid (e.g., test location)
were determined. The distance from test location to the point of insertion of the twist drill
craniostomy was obtained. The volume of the subdural hematoma before and after drainage
was calculated.

[0059] The displacement of the actual hematoma drainage site, extrapolated from the post-
drainage CT on to the equivalent position of the skull on the pre-drainage CT, was
determined as a coordinate of the X, Y, and Z axis of the head CT, using the centroid as the
frame of reference (0,0,0). The most posterior (e.g., along the Y axis) point of the subdural
reaching the skull’s surface was also determined by its coordinate value. The displacement
along the Y axis, and the three-dimensional distance between this posterior point and the
actual twist drill placement site, was measured in millimeters. Correlation of the pre-
drainage volume, the post-drainage volume, the amount of hematoma drained, the X, Y, and
Z displacement between the actual and posterior site and the distance between the actual and
posterior site was determined by linear regression. In this limited analysis of four patients,
the amount of hematoma drained did not achieve significant correlation with distance from
the centroid; however power analysis of the data suggested increased numbers (e.g., as few as

n=35) might enable that achievement.

Exemplary Brain Atrophy

[0060] Brain atrophy rate can be an objective outcome measure. CSDH patients have
greater atrophy than normally aging controls but lower atrophy than Alzheimer disease
patients. In order to assess cerebral atrophy over time, an exemplary data mining procedure
was used, by selecting from image archives of a VA hospital system all CT exams relevant to
the exemplary hypothesis. The regional VISNO3 database was searched for digital CT head
or brain exams performed from 2004 to 2014. Of all patients with an index CT scan of the
head during this period, patients were excluded if: (1) they had fewer than three subsequent
CT scans, (i) serial scans extended over less than 1 year or (ii1) they were diagnosed with
hydrocephalus or any other neurodegenerative disease. Patients were deemed to have
Alzheimer’s disease if they meet NINCDS—ADRDA criteria for probable AD (see, e.g.,
Reference 80) as determined by the treating physician. Review of medical records identified

48 such patients. Patients having a cSDH were defined if they had a diagnosis of ICD9 code
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432.1 or 852.2 entered by a physician documenting the purpose of the patient’s consultation
within the hospital system. 50 such patients were identified. Of the remaining patients with
similar longitudinal imaging history, but free of any neurodegenerative diseases, and
hydrocephalus, review of medical records yielded 70 age matched controls. Thus, a total of
168 patients, 48 in the AD category, 50 in the cSDH group and 70 in the control category

were selected, with 1416 CT head scans in total.

Exemplary Automated Analysis of Brain Atrophy

[0061] Total intracranial and total brain volumes were assessed using locally developed
fully automated software, with no operator intervention. In the exemplary procedure, ICS
was segmented. For ICS, the exemplary system, method and computer-accessible medium,
can select voxels with CT attenuation in the range [-500, +125] Hounsfield units (Hu). This
can exclude bone and air. Then, on the remaining soft tissue, 3D morphologic erosion of
about 6 mm radius can be performed using the exemplary system, method and computer-
accessible medium, that can disconnect the extra-cranial soft tissue from the interior of the
cranial cavity. After, the largest connected component can be retained that results in the
exclusion of extra-cranial soft tissue. Additionally, constrained morphologic dilation can be
performed on the retained component resulting in the recovery of all intracranial space
voxels. The CSF volume can then be separated from the brain tissue by labelling all ICS
voxels with attenuation values within the fluid range, (e.g., below 16 Hu as CSF). The ICS
voxels not classified as CSF can be labeled as brain tissue. The threshold of 16 Hu was
selected by a multimodality CT/MRI optimization study using T2-weighted images as the
standard for estimating CSF volume. (See, e.g., Reference 37). CSF masks included the
entire ventricular and sulcal space. No coregistration techniques or other normalization
techniques were used. All volumes reflected absolute measurements in milliliters. All
attenuation values were expressed in Hu. All statistical analyses were carried out using
Statistical Package for the Social Sciences (SPSS version 21, IBM Corporation, Armonk,
NY, USA).

[0062] A total of 1416 CT scans for 168 patients (50 SDH, 48 AD and 70 controls; ages
19 to 95 years) with an average of 8.4 exams over 5.2 years were analyzed. The atrophy rate
dA/dt differed significantly across three groups. (See, e.g., Figure 9; showing Alzheimer’s
disease 905, subdural hematoma 910 and control group 915). The overall p-value <0.001.
The average dA/dt in AD was 7.59ml/year, 3-fold higher than in controls (2.34ml/year;
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intergroup p-value<0.001). In cSDH patients the mean dA/dt was 4.93ml/year, about twice
that of controls (p-value=0.015).

Exemplary software can be used that not only detects the size and shape of a chronic subdural
hematoma, but where the twist drill entry point is in relation to the subdural hematoma. The
exemplary system, method and computer-accessible medium, according to an exemplary
embodiment of the present disclosure, can determine the drainage point in the skull that can
result in the least residual hematoma volume after drainage as a function of distance from the
hematoma centroid and accounting for gravity.

Patient population

[0063] A preliminary search through the VA Informatics and Computing Infrastructure
(“VINCTI”) of the entire VA system was performed using CPT codes 61105 and 61108, which
are used in the VA for twist drill craniostomy evacuation of subdural hematomas. 583
patients across the system were identified. It is estimated that at least 270 of these patients
will have sufficiently complete pre and postoperative records, including imaging, for
inclusion in the exemplary study. Inclusion criteria can include, e.g.,: (i) a head CT less than
1 day prior to the twist drill procedure, (i1) less than 3 days after the twist drill procedure, and
(1i1) record of physical therapy assessment including Functional Independence Measure and
sufficient records to calculate a modified Rankin Scale score. Patients with bilateral
hematomas were included, and if both hematomas were drained in a procedure, the larger
side was be included in the study, and the other side may only be noted as a secondary
descriptive measure, and not included in the main analysis. Exclusion criteria include: (i)
refractory coagulopathy, and (ii) known cause of intracranial hypotension resulting in
refractory cSDH. Preference for inclusion was granted to patients with longer versus shorter
follow-up. Since one-third of patients with treated cSDH will have died within one year
treatment, death will not be an exclusion factor for this study.

[0064] Characteristics of the initial cSDH: cause of subdural hematoma, date of diagnosis,
date of evacuation, laterality/bilaterality, measured maximum subdural hematoma thickness,
average intensity on CT (e.g., hypodense, isodense, hyperdense)

[0065] Exemplary Treatment: twist drill craniostomy insertion details regarding whether
dura was opened with drill or with a separate instrument, whether cSDH egressed
spontaneously under pressure or only after drain placed to bulb suction, head of position (e.g.
flat, 30 degrees or unrestricted) after placement, activity restriction (e.g., bed rest versus up

ad 1ib after placement)
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An imaging analysis program was to analyze each DICOM image. Image segmentation
analysis was employed to isolate the subdural hematoma shape. (See, e.g., Figure 10).

[0066] cSDHs can have a complex mixture of hyperdense, isodense and hypodensity, with
most having some component of mixed density. Some of these mixed density subdural
hematomas can be distributed by gravity, some can be sporadically distributed throughout the
hematoma and some can form layer patterns along the edges of the subdural hematoma.
Many of the hematomas can be bilateral. Some can be anteriorly located, making the shape
of the subdural more complex than a convex crescent. All of the images after drainage can
have CT artifacts at the level of the metal drain. Difficult images can be manually identified,
and the researchers will collaboratively work with the programmers to improve and quality
test the procedure to accommodate these complexities. The diversity and challenges in this
image set can facilitate a robust processing program to be created that can reliably interpret

radiographically difficult head CTs for eventual practical use.

Exemplary Drain Site Procedure

[0067] The position of the subdural drain can be compared to the mathematically
computed point of maximal displacement. (See, e.g., exemplary image shown in Figure 11).
This can be defined as the greatest distance between all compared points of this shape
orthogonal to its cerebral side and orthogonal to its cranial side, with minimized minor
geometric error.

[0068] The point of maximum thickness can underestimate the effect of complex subdural
hematoma geometry on its drainage. The centroid of the subdural hematoma can be
calculated. The centroid can be defined as the average X, Y, Z coordinate value for all points
(e.g., voxels) that can lie within the borders of a subdural hematoma. This can be a geometric
reference point for the “center of mass” that can be difficult to estimate visually. As further
descriptors of the shape, the major and minor axes of the subdural hematoma can be
identified. These axes can be defined mathematically given the segmentation mask. (See,
e.g., Reference 81). The vector originating at the centroid and directed along the minor axis

can intersect with the skull at another potential drain placement site.

Exemplary Drain Site Procedure
[0069] The exemplary system, method and computer-accessible medium, according to an
exemplary embodiment of the present disclosure, can affect the size of residual (e.g., post-

drainage) cSDH. This can be assessed on the first CT scan performed after removal of the

17



10

15

20

25

30

WO 2016/205811 PCT/US2016/038408

twist drill craniostomy drain using the volumetric segmentation analysis described in the
preliminary data. Drains placed closest to the hematoma centroid can have lowest residual
hematoma. Other factors influencing this result can include gravity and bed position, which
can be noted and accounted for with multivariate regression.

[0070] The exemplary system, method and computer-accessible medium, according to an
exemplary embodiment of the present disclosure, can affect the rate of progressive cerebral
atrophy. Patients with cSDH have a higher rate of progressive cerebral atrophy than normal
controls, but a lower rate than dementia patients. The relationship between both adequacy of
drain placement and residual hematoma on progressive atrophy can be assessed.

[0071] The exemplary system, method and computer-accessible medium, according to an
exemplary embodiment of the present disclosure, can illustrate that suboptimally placed
drains, which can be co-linear with drains resulting in increased residual hematoma, can
result in higher progressive atrophy than optimally placed drains and less residual hematoma.
Cognitive capability and physical capacity (e.g., dementia comorbidity and FIM) can be
affected, since patients capable of doing less should have higher atrophy rates.

{8072]  The drainage site can be determined, for example, using the following exemplary
procedure. For example, one or more C1 images can be taken, and can be used to identify
the subdural hematoma. The attributes of the subdural bematoma can be calculated (e.g. a
centroid, a density weighted centroid, a major axis, a minor axis, a topmost part of the
subdural and/or the most dependent part of the subdural hematoma}. The treatment can then
be optimized based on these atiributes (e.g. the tube to drain subdural hematoma can be
placed at a point on skull closest to centroid determined).

[0073] The exemplary system, method and computer-accessible medium, according to an
exemplary embodiment of the present disclosure, can also be used to treat other lesions on the
surface of the brain. This can include, for example, draining other hematomas on the surface
of the brain (e.g. epidural hematoma), draining fluids (e.g. subdural hygroma), aspiration of
abscess or other viscous material, and/or solid lesions that can be mobilized (e.g., a lesion
that can be small enough to start with, can be chopped into smaller pieces, or its consistency
can be changed by injecting something making it amenable to aspiration / removal through
the drain, needle, or tube).

i8074]  The location of a subdural hematoma or the lesion in the CT can be automatically
determined, for example, using the exemplary system, method and computer-accessible

medium. Additionally or alternatively, the location of the subdural hematoma can be
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determined by a person (e.g., a doctor), and the location can be transmitted to/received by the
exemplary system, method and computer-accessible medium.

{8075}  Exemplary attributes of the hematoma can include, for example, a centroid, density
weighted centroid, a major axis and a minor axis of the lesion, topmost or bottommost
portion, or areas of interest the description of which follows. The density-weighted centroid
can be a centroid that can weight areas of different intensities on a CT scan differently. For
example, it can weight areas with more intensities more and can weight areas with less
intensities less, or vice versa. The weight of these intensities can be further modified by
some factor; for example areas of twice as high intensity as some other area can be weighted
four times (e.g., a factor of two) as much as the other. The areas of interest in the subdural
hematoma can include the location of septa, or the areas where density changes sharply. The
attribute determination can be based on, for example, location, shape, type, or presence or
absence of septations in hematoma.

[0076] Using the exemplary attributes as determined above, the drainage site can be
determined. This determination can be based only one single attribute (e.g. location on the
skull that’s closest to the centroid), or on the combination of attributes (e.g. location on the
skull that is in between the centroid and the most dependent part of the subdural). The
location of the drain or needle, or other instrument being used for treatment, can be on the
surface of the skull or inside the lesion itself. In case of a drain penetrating the lesion, the
orientation can be along the major or minor axis.

[0077]  The optimum location can be determined by conducting a study that can correlate
the actual drainage site to the outcome in that patient. For example, the optimal drainage site
can be the site that can minimize the residual amount of the lesion, or a specific portion of the
lesion, determined to be most clinically relevant. The optimal drainage site can also be the
one that minimizes recurrences, length of stay and/or disability. The correlation can be
performed using linear regression, neural networks, or various other statistical or machine
learning procedures that will be apparent to those skilled in this area upon reading this.
[0078] The exemplary system, method and computer-accessible medium, according to an
exemplary embodiment of the present disclosure, can affect recurrent cSDH. Patients can be
assessed for recurrence within one and three years. Recurrence can be defined as
symptomatic cSDH with the same laterality as the cSDH that was initially treated in the
study. Expected results can be that suboptimal drain placement, collinear with increased
residual hematoma can increase recurrence risk. Confounders of this measure can be

resumption of anticoagulation, extent of atrophy and likelihood of repeat trauma.
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[0079] The exemplary system, method and computer-accessible medium, according to an
exemplary embodiment of the present disclosure, can affect functional independence measure
or FIM. Physical therapy in the VA system records this measure on the vast majority of
cSDH patients seen in the VA and thus it can provide an objective assessment of capability.
FIM can be assessed on the last patient visit by physical therapy prior to discharge from the
hospital. Suboptimal drain placement can be expected, which can be collinear with increased
residual hematoma, can correlate with reduced FIM score. The major confounder of FIM can
be pre-morbid condition since patients with poor capabilities preoperatively at baseline can
be unlikely to perform better than baseline after cSDH treatment.

[0080] The exemplary system, method and computer-accessible medium, according to an
exemplary embodiment of the present disclosure, can affect a Modified Rankin Scale score
(“mRS”). While the mRS may not always be recorded in the veteran’s medical record at the
time of injury it is a simple six-point scale that can be reconstructed based on a review of
records with reasonable accuracy. mRS can be assessed at one and three years after cSDH
drainage. It can be expected that the suboptimal drain placement can be collinear with
increased residual hematoma will correlate with increased mRS score (e.g., a score of 6, the
highest possible = dead). Confounders of mRS can include patient comorbidities.

[0081] The exemplary system, method and computer-accessible medium, according to an
exemplary embodiment of the present disclosure, can affect duration of survival, or interval
between ¢cSDH treatment and death. Death can be determined by assessment of the medical
record and IRB approved access to a VA benefits database, which is known to be more

accurate for reporting of death than the medical record.

Exemplary Determining The Optimal Drainage Site For cSDH As A Function Of Density
[0082]  Chronic subdural hematomas can vary in density, partially due to rebleeding,
which can result in great variation of hematoma content due to differences in stages of blood
coagulation. The viscosity of the subdural hematoma at different sites can be highly variable.
This variation can be correlated with image intensity on CT. Whether drain placement closer
to less dense and more fluid components of the hematoma can result in better drainage can be
determined.

[0083] The patient recruitment, data collection, image segmentation analysis, power
analysis and statistical analysis can be the same as described above. The exposure can be the
average density of the subdural hematoma contents around the drainage site. The results can

be similar to those described above.
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Exemplary Determining The Effect Size Of The Contributing Factors Of Shape, Thickness
And Density

[0084]  The cohort, period of follow-up, and outcomes can be the same as described above.
However a further exemplary goal can be to determine the effect size of these contributing
factors using exemplary machine learning procedures. Once the effect size has been
evaluated, the exemplary procedure can be optimized in an iterative fashion, accounting for

the relative impactors.

Exemplary Procedure For Optimization And Machine Learning

[0085] Machine learning or various other statistical and image processing procedures can
be used to arrive at an optimized drain placement site based on the multiple factors being
considered. The procedure can be tested on a separate cohort of patient samples not used to
build the model and, once fully optimized, can be integrated into image viewing software

currently used by neurosurgeons to diagnose ¢SDH and assess for drain placement.

Exemplary Statistical Considerations

[0086] Initially, a univariate analysis can be used to estimate and derive about a 95%
confidence interval for correlation of the residual hematoma volume associated with the
actual site to centroid distance and evaluable competing risk factors such as age and volume
of pre-drainage hematoma. Power analysis (e.g., described below) can suggest that a sample
size of 270 patients (e.g., each with one pre-drainage and one post-drainage scan) will be
sufficient.

[0087]  The density weighted centroid can be calculated, and the correlation between
residual hematoma volume and the actual site to density-weighted centroid distance can be
estimated while adjusting for the above mentioned risk factors.

[0088] The exemplary system, method and computer-accessible medium, according to an
exemplary embodiment of the present disclosure, can utilize the addition of shape of the
hematoma to the simple and density weighted centroid measurements described above.
Shape can be treated as a four level categorical variable. The first step procedure can to
perform one way ANOVA to determine its effect on residual hematoma volume. Then, the
best drainage site can be identified as the one minimizing the residual hematoma as a
function of drain site, density and thickness as numerical variables and shape as a categorical

variable while accounting for above mentioned competing risk factors.
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[0089] The optimum site can be validated on a separate cohort of 30 subjects in the
following exemplary procedures: (i) scans can be processed and the optimum site will be
calculated, (i1) residual hematoma for each scan can be predicted for that optimum site,
shape, density and volume of the hematoma using linear regression, (iii) residual hematoma
and the location of actual site can be determined, and (iv) the residual hematomas resulting
from actual drain placement can be compared to predicted residual hematoma that can have
had resulted by placing the drain at the optimum location. All statistical tests can be
conducted at the 5% significance level using the Statistical Package for the Social Sciences
(SPSS version 19, IBM Corporation, Armonk, NY, USA) for or MATLAB r2016a
(Mathworks Inc., Natick, MA, USA).

Exemplary Power Analysis And Sample Size

[0090] For an exemplary model building, sample size was calculated for linear regression
to provide a power of about 80% while having a chance of type 1 error of about 5%. S
minimum correlation of about 15% between residual hematoma volume and linear predictors
can be detected. Analysis suggested that a sample size of about 270 patients can be adequate
for a two-tailed analysis with significance of about p<0.05. For shape as a four level
categorical variable, the sample size of about 270 patients can be sufficient to provide an
about 80% power to detect an effect size of about 0.20 with an about 5% chance of type 1
error. The exemplary resulting model can be validated in a separate cohort of 30 subjects not
previously studied and compare the decrease in residual hematoma resulting from actual
drain site to projected decrease in hematoma volume that could have resulted from placing a

drain at an optimum site.

[0091] Exemplary Drain Site Procedure: The Hounsfield unit density of the subdural
hematoma in each axial head slice can be plotted on a three-dimensional coordinate array.
From the coordinate of the drain placement site, the total Hounsfield unit density of a
spherical area around the insertion site can be calculated at a varying radius in the pre-
drainage head CT.

[0092] Exemplary Compensation For Instrument Miscalibration: To reduce the
temporal variability (e.g., the exemplary scanners were not calibrated daily against a
phantom) the component of the brain volume (“BV”), CSF, cerebral spinal fluid volume
(“CSF-V”) and brain radiodensity (“BR”) that could be explained by the lack of calibration
was removed. This was performed by linearly regressing BV, CSF-V and BR against
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average ICS radiodensity. This yielded adjusted whole brain volume (“BV’”), adjusted CSF
volume (“CSF-V’”) and adjusted brain radiodensity (“BR’”). The adjusted ICS volume
(“ICS-V’”) was defined as the sum of adjusted CSF-V’ and BV’. The normalized brain
volume (“nBV’”) was defined as BV’/ ICS-V’.

[0093] Exemplary Statistical Analysis: All statistical analyses were carried out using
Statistical Package for the Social Sciences (e.g., SPSS version 21, IBM Corporation,
Armonk, NY). Figures 1-3 were constructed using SAS version 9.4 (e.g., SAS Institute,
Carry, NC).

[0094] Exemplary Test Retest Reliability Of CT Scan: In order to estimate test retest
reliability of volumetry on CT scans, the information, that for each patient intracranial cavity
size remains constant over time, was utilized. Thus, two-way Intraclass correlation
coefficient was calculated for absolute agreement. To avoid missing values, Intraclass
correlation coefficient was computed for the first four CT exams only.

[0095] Exemplary Estimation Of Brain Parenchyma Atrophy Rate: To analyze time
series data with unequal follow up duration and correlated error terms, separate multilevel
mixed (e.g., hierarchical) models were developed for BV’, nBV’ and BR’ using a SPSS
Mixed procedure. For BV’, and nBV’, the models related the target measurements to group
membership and its interaction with follow-up time (e.g., quadratic term only) as fixed
effects. Intercept and slope (e.g., the linear term, time since first scan) were allowed to vary
between individuals. Since both groups had comorbidities such as cerebrovascular accidents,
head trauma or cerebral edema that might affect the linear term, only the quadratic term may
be a fixed effect. Both models were constructed using restricted maximum likelihood
estimation.

[0096] Exemplary Estimation Of Change In Brain Radiodensity Over Time: For BR’,
the exemplary system, method and computer-accessible medium, according to an exemplary
embodiment of the present disclosure, related the brain radiodensity to Alzheimer disease
status and the interaction of Alzheimer disease status with time since first scan (e.g., both
linear and quadratic terms) as fixed effects. The intercept and the linear term were allowed to
vary between individuals. Covariance structure was first order autoregressive for group level
(e.g., fixed) effects, and unstructured for individual level (e.g., random) effects. An
exemplary model was constructed using restricted maximum likelihood estimation.

[0097]  Brain volume loss accelerated over time in both AD and non-AD patients. Rates
of acceleration in volume loss were estimated to be 0.86 ml/yr” [0.0578%/yr’] (e.g. 95%

confidence interval (“CI”) 0.64 to 1.08 ml/yr’; [0.0389%/yr* to 0.0767%/yr*]) for Non-AD
y y y
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patients and were 1.32 ml/yr” [0.0919%/yr*] (e.g. 95% CI 1.09 to 1.56 ml/yr*; [0.0716%/yr’
to 0.1122%/yr’]) for AD patients. Both groups differed significantly in their acceleration
(e.g., intergroup p-values = 0.006 and 0.017). The brain radiodensity increased linearly by
0.15 Hu/ year (e.g. 95% CI 0.065 Hu/ year to 0.230 Hu/ year; p-value = 0.001) for Non-AD
patients while it accelerated by 0.017 Hu/yr* (e.g. 95% CI0.000181 to 0.033793; p-value
0.048) for AD patients of similar ages. CT volumetry showed an excellent (e.g., ICC =
0.996) test-retest reliability.

[0098] Brain volumetry on CT is at least as precise as MRI. Longitudinal measures of
accelerated volume loss can be used to monitor the progression of AD. Brain radiodensity
measured on CT scan can be another potential biomarker for AD, and can reveal insights into
the disease mechanisms.

[0099]  The brain atrophy rate can be used to predict the course of Alzheimer's disease,
vascular dementia, normal pressure hydrocephalus, post traumatic dementia, post infectious

atrophy, Creutzfeld-Jacob and other neurodegenerative diseases.

Exemplary Results

[00100] AD stage can be inferred from the distribution of MMSE scores at the last exam.
(See, e.g., Table 1 below). Four AD patients were blind and two were aphasic, which
resulted in relatively low MMSEs. The indications for CT scans are given in Tables 2-4
below. The descriptive statistics are given in Table 5 below. All patients were males.
Between 4 and 12 CT exams per subject (e.g., Mean 6.06, S.D. 2.3) were analyzed. The
mean age at the time of initial CT scan was 80 years (e.g., S.D. 5.45, Range 70 to 91). The
mean duration of follow up was 3.9 years (e.g., S.D. 1.75, Range 1.02 to 8.69).

Table 1: Distribution of MMSE scores for AD patients

MMSE range No. of patients
10 or less 6
11-15

5

16 —20 4
21-25 7
7

4

26 or more

No MMSE available

Table 2: Indications for scans’
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Indication AD patients | Non-AD patients Total
AMS 37 34 71
Fall 30 37 67
Dizziness 19 24 43
Head Trauma 15 26 41
Syncope 19 18 37
CVA evaluation 15 12 27
Headache 13 14 27
Trauma 9 9 18
ICH evaluation 8 8 16
Ataxia 4 8 12
Motor deficits 2 9 11
TIA suspect 6 4 10
Weakness 5 4 9
Focal deficit 4 4 8
Memory loss 7 1 8
CVA follow up 3 2 5
Hydrocephalus 3 1 4
HTN crisis 2 1 3
Vertigo 1 2 3

1 ¢ T T ISR T
Since one patient can have multiple indications for a scan, and only most common

indications are listed, the total number may not match the number of studies.

Table 3: Indications for scans for AD patients with positive acute pathology

Indication Total
CVA evaluation |2
Syncope 2
Dizziness 1
Fall 1
Focal deficit 1
Memory loss 1
Trauma 1
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Table 4: Indications for CT scans for non-AD patients with acute pathology '

Indication Total
Altered Mental Status 4
CVA evaluation 2
Dizziness 2
Syncope 2
Trauma 2
CVA Suspect 1
Fall 2
Focal deficit 1
Head trauma 1
Neck and back pain 1
Postoperative 1
SOL follow up 1
Weakness 1

" One patient had two indications.

Table 5: Descriptive statistics by groups

Baseline Follow up | Whole brain Normalized | Brain
Paramete | Age (years) | (years) volume (BR’; in | whole brain | Radiodensity
r ml) volume (BR’; in
(nBV’; asa | Hounsfield
percentage | units)
of cranial
cavity)
AD |[non- | AD |non- | AD non- AD |[non- | AD non-
AD AD AD AD AD
Mean 810 793 | 39| 387 | 1078.1 | 1117.0| 80.8 | 81.8 | 30.77| 30.48
8 1 5 2 6 2 1 4 4
Median 807 792 | 45| 3.770| 1083.0| 1101.4| 81.0| 81.7| 30.76 | 30.44
4 9 4 0 0 0 2 2 7
Std. Dev. | 537 | 545| 17| 175 80.73 9836 | 2.24 | 237 | 0.690 | 0.662
8
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Range 203 199 62| 720 | 317.73 | 39933 | 124 | 15.6| 4373 | 4.834
7 7 1 8 1

[00101] Exemplary Test Retest Reliability Of Brain Volumetry On CT scan: ICC for
ICS-V’ was 0.996 with a 95% CI ranging from 0.994 to 0.997.
[00102] Exemplary Adjusted Whole Brain Volumes (Br’): Figure 1, and Table 6 below,
show changes in absolute brain volumes for AD (e.g., element 105) and non-AD patients
(e.g., element 110). The model was significant for acceleration of brain volume loss in both
groups (e.g., overall p-value = 0.006). In non-AD group, it was 0.86 ml/yr’ (e.g. 95% CI 0.64
to 1.08 ml/yr*; p-value < 0.001), while it was 1.32 ml/yr* (e.g. 95% CI 1.09 to 1.56 ml/yr?)
for AD group (e.g. intergroup p-value = 0.0006).

Table 6: Estimated rate of loss of brain volume, in milliliters and as a percentage of

intracranial space

Parameter Estimated average | Quadratic term (fixed (95% confidence
slope (at individual | effect) in ml/yr* intervals)
level / Random
effect)
BV’, AD -0.15 ml/year -1.32 ml/yr” (-1.56 to -1.09)
patients
BV’, Non-AD | -0.20 ml/ year -0.86 ml/yr” (-1.08 to -0.64)
patients
nBV’, AD -0.011 %/ year -0.092%/yr’ (-0.112 t0 -0.072)
patients
nBV’, Non- -0.016 %/ year -0.058%/yr" (-0.077 t0 -0.039)
AD patients

[00103] Exemplary Normalized Whole Brain Volumes (nBV’): Figure 2 shows changes
in brain volumes for AD patients (e.g., element 205) and non-AD patients (e.g., element 210)
as a ratio of ICS-V’. Table 6 compares nBV’ across the groups. The model was significant
for acceleration of nBV’ loss for both AD and non-AD patients (e.g., overall p-value =
0.017). The acceleration was 0.0578%/yr” (e.g. 95% CI 0.0389%/yr* to 0.0767%/yr*; p-value
<0.001) for non-AD patients. It was significantly larger, 0.0919%/yr* (e.g. 95% CI
0.0716%/yr” to 0.1122%/yr*; intergroup p-value = 0.017) for AD patients.
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[00104] Exemplary Brain Radiodensity (BR’): Figure 3, and Table 7 below, show
changes in BR’ in AD patients (e.g., element 305) and non-AD patients (e.g., element 310)
over time. The model was significant for linear increase in BR’ over time for non-AD
patients (e.g., 0.15 Hu per year; 95% CI 0.065 Hu/year to 0.230 Hu/year; p-value = 0.001).
This increase in BR’ did not display acceleration over time for non-AD patients (e.g., p-value
for quadratic term 0.412). AD patients displayed a strong acceleration in BR’ increase over
time (e.g., 0.017 Hu/yr’; 95% CI 0.000181 to 0.033793; p-value 0.048) without significant
linear term (e.g., p-value 0.190). For the sake of consistency, the rates in Figure 3 include
both a linear and a quadratic term for both groups.

Table 7: Estimated annual rate of increase in brain radiodensity (in Hounsfield units)

Group Estimated | Slope as p-value Quadratic term p-value
average fixed effect (fixed effect) in
slope Hu/ | in Hu/ year Hu/yr*
year
(Random
effect)
AD -0.0029 +0.0622 0.190 +0.0169 0.048
patients
Non-AD -0.0041 +0.1479 0.001 - 0.0063 0.412
patients

Exemplary Discussion

[00105] Exemplary Comparison With MRI: Multiple cross-sectional MRI and pathology
studies suggest that brain atrophy rates accelerate after the 7th decade, even for cognitively
normal individuals. (See, e.g., References 11-13). This earlier belief of accelerated atrophy
can be contradicted by recent longitudinal MRI studies that found no evidence of acceleration
in cognitively normal people. (See, e.g., References 14-15). Although longitudinal MRI
studies consistently show that hippocampal atrophy rates do accelerate in mild cognitive
impairment (“MCI”) and AD patients, (see, e.g., References 14, 16) there can be conflicting
evidence regarding whether or not whole brain atrophy accelerates in MCI patients or
sporadic AD patients. (See, e.g., References 14 and 15). The exemplary system, method and

computer-accessible medium, according to an exemplary embodiment of the present
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disclosure, significant quadratic terms, which can indicate acceleration of brain atrophy rates
within both AD and non-AD elderly. Inter group comparison can indicate that acceleration
can be significantly greater in AD patients versus non-AD patients. The exemplary results
hold for both absolute brain volumes and brain volumes normalized to ICS. The rate of
acceleration in brain volume loss for the patients 79 year old on average, have been reported,
which can be converted from mild cognitive impairment to AD, to be 5.3 ml (e.g. 95% CI 3.3
to 7.4) over a mean duration of 4.7 years in their piecewise linear mixed model. (See, e.g.,
Reference 15). Their data can be in agreement with the exemplary estimate of the quadratic
term (e.g., 1.32 ml/yr”). It was also found that the acceleration in atrophy was 0.32%/year” in
normalized whole brain volumes (e.g., 95% CI 0.15-0.50) in their cohort of familial AD.
(See, e.g., Reference 6). This can be about three times larger than the exemplary estimate of
0.09%/yr* (e.g. 95% CI 0.07 — 0.11), which is consistent with common observation of
familial AD progressing faster than sporadic AD. (See, e.g., Reference 17). Of note, CI for
acceleration can be the much tighter (e.g., about ten times smaller) in the exemplary study
versus previous reports, suggesting greater precision of volumetry estimated from CT than
from MR images. This can be due to decreased artifact with the exemplary system, method
and computer-accessible medium versus MRI resulting from faster acquisition times for the
exemplary system, method and computer-accessible medium as compared to MRI

[00106] In contrast to the information provided using the MRI modality, the lower contrast
present in CT images can make the image segmentation difficult for CT images. Most image
processing procedures likely either under segment or over segment the image. In contrast,
the exemplary system, method and computer-accessible medium, according to an exemplary
embodiment of the present disclosure, can include a multi-staged process of thresholding
(e.g., by selecting -500 to +125 Hu), performing morphological erosions, dilations followed
by compensation for instrument miscalibration in order to overcome the problems associated
with the lower contrast inherent in CT images.

[00107] Exemplary Test/Retest Reliability: The ICC for ICS-V’ was found it to be 0.996,
suggesting excellent agreement. Reliability of volumetry on CT scan has not been previously
reported. Remarkably, the exemplary reliability matches MRI estimates, despite of the use of
variable CT acquisition protocols. (See, e.g., Reference 18).

[00108] Exemplary Interpretation Of Statistical Models: The exemplary system,
method and computer-accessible medium, according to an exemplary embodiment of the
present disclosure, can utilize both linear and quadratic terms. The linear terms, entered as

the random effect, revealed significant differences between non-AD patients versus AD
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patients (see, e.g., Table 6). This result can imply (i) strokes and other neurological illnesses
can cause acute loss of brain tissue without any increase in long-term loss of brain
parenchyma, or (i1) neurodegeneration in non-AD patients can follow predominantly linear
patterns, whereas in AD, the patterns can be quadratic (e.g., accelerated changes), which can
reflect progressive territory, or the spread of atrophy from medial temporal to cortical brain
regions. (See, e.g., Reference 19).

[00109] Exemplary Clinical Relevance: AD and non-AD patients in the exemplary study
were male military veterans. While representing a select group, they can be representative of
a large segment of the population. The inclusion of confounding illnesses among the non-AD
group makes the exemplary study especially relevant. (See, e.g., Reference 20). Validation
of CT volumetry tool in a cohort with confounding neurological illnesses enables its use
within regular day-to-day clinical practice and clinical trials.

[00110] Exemplary Changes In Brain Radiodensity: Change in brain radiodensity can be
a novel potential marker of AD progression. The exemplary findings can indicate calcium
deposition in the cerebral arteries (see, e.g., Reference 21) or iron deposition (see, e.g.,
Reference 22) in the brain parenchyma in AD patients. Since brain tissue can be denser than
water, dehydration in the elderly can also potentially increase brain radiodensity.
Dehydration can also be a well-known cause of reversible cognitive impairment in the
elderly. (See, e.g., References 23, 24). This can raise the possibility of the use of brain
radiodensity as a marker of cognitive impairment and AD, independent of atrophy.

[00111] Exemplary Summary: This exemplary CT-based longitudinal brain volumetry
analysis suggests that the exemplary system, method and computer-accessible medium
should be considered for monitoring the progression and treatment of AD accelerated within
subject atrophy. This was shown not only for AD patients, but also for non-AD patients.
Confidence intervals for the quadratic term were only within about 0.4 ml/yr* for absolute
brain volumes, indicating a potential for atrophy on a CT scan to serve as a reliable outcome
measure for clinical trials. The use of brain radiodensity can also serve as a new AD
biomarker. This can also help shed further light on the pathology of this relentless destroyer
of the brains and lives.

[00112] The brain atrophy and radiodensity can be estimated from CT images in two
stages. {See, e.g., Figures 4A-4C). First, at Stage I (see, e.g., Figure 4B), the ICS can be
identified and a segmentation mask can constructed. Then intensity thresholding can be

performed to separate ICS mask into brain parenchyma and CSF.
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[00113] Exemplary Stage I: ICS can be identified using EdgeWave, an exemplary
procedure which can improve on a previously validated 3D segmentation tool known as
Bridge Burner. The spatial resolution of CT can be approximately 0.3-0.5 mm, several times
higher than for MRI. Thus, the CT dataset can include an array of 512 x 512 x N of 16 bit
integers (e.g. N is of the order of approximately 100). This can represent approximately 60
mb, an order of magnitude larger than a typical brain magnetic resonance (“MR”) dataset.
The atrophy procedure can include efficient processing speed. To process this exemplary
dataset, a fully paraliel Zdge Wave procedure and computer code can be used.
[00114] To address CT segmentation, FdgeWave can begin by selecting voxels with CT
attenuation of soft tissue. For a well-calibrated CT scanner, this can correspond to the range
of about [-500, +125 Hu]. To eliminate small soft tissue structures like nerves or blood
vessels that link the brain and the face, a 3D morphologic erosion (e.g. default radius =5
mm) can be performed. This procedure can follow the previous wave-front propagation,
except that the current wave front can be grown in parallel along multiple directions.
[00115] The exemplary FdgeWave procedure can retain rich information about the wave-
front, including the current wave's distance to the ancestor mask. The data addresses new
applications, such as statistical description of the surface curvature, including the distribution
of the heights or the depths of the mask. The temporal evolution of wave-front recorded by
the exemplary EdgeWave procedure can be explored for several clinical imaging application:
(1) image-based tumor characterization to stage malignancy, (i1) the analysis of brain sulci
pattern to diagnose hydrocephalus, and (ii1) differentiation of Alzheimer's disease from front-
temporal dementia etc.
[00116] The exemplary system, method and computer-accessible medium, according to an
exemplary embodiment of the present disclosure, can assure efficient processing by
dispensing with the relatively slow search for a seed region (e.g., normally performed for
MRI segmentation). ICC (e.g., element 405 in Figure 4B) can be identified in a CT exam as
the largest connected component of EdgeWave output. To provide flexibility in applying the
exemplary procedure to other organs and structures, the following can be retained:

1) k-th largest connected components (e.g. k can be user-defined, but k=1 can

perform well for CT modality);

i1) all connected components; and/or

ii1) connected component that contains or intersects the seed region (e.g.

BridgeBurner choice).
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[00117] The exemplary process can be finalized by constrained morphologic dilation. The
parallel processing can be performed to take advantage of modern multi-core CPU hardware.
[00118] Exemplary Stage II: The ICC can be decomposed in two or more distinct tissues.
For clinical applications that utilize brain atrophy estimates, ICC can be split into CSF (e.g.,
element 410 in Figure 4C) and the brain. For surgical applications that optimize hematoma
drainage, the goal can be to identify the area of chronic subdural hematoma. In addition to
the application of brain atrophy (e.g., CSF versus the brain) CT texture can be used to
identify subdural hematoma (e.g., element 505 in Figure 5). As shown in Figure 5, there can
be a similar average intensity but a distinct texture of hematoma versus the brain.

{6611%] The exemplary procedure for separating CSF from the brain (see, e.g., Figures 6A-
6C) can be based on multimodality coregistration of CT & T,-weighted MRI. Figure 6A
shows a set of exemplary images of a brain according to an exemplary embodiment of the
present disclosure. Optimal separation of CSF {e.g. element 605 shown in Figures 6B and
6C) from the brain at CT can be derived by imaging individuals with both CT {see, e.g,
Figure 6B} and Tr-weighted MRI (see, e.g., Figure 6C). MRI can be used as the reference
due to its supenior {SF-brain contrast. The upper threshoid T for CSF CT attenuation can be
varted in a continucus fashion to achieve the volume ratio observed in Tr-weighted MRL
{00128] Figure 12A shows an exemplary flow diagram of an exemplary method 1200 for
determining an attribute(s) of a brain of a patient according to an exemplary embodiment of
the present disclosure. For example, at procedure 1205, information obtained from a CT
scan(s) of a portion(s) of the brain can be received. At procedure 1210, a CT image(s) can be
generated that can be based on the information. At procedure 1215, small soft tissue
structures that link the brain to a face of the patient can be substantially eliminated from the
CT image(s). At procedure 1220, any ICS that was lost during the removal of the small soft
tissue structures can be recovered. At procedure 1225, the intracranial space can be
segmented from the brain, and at procedure 1230, the attribute(s) of the brain can be
determined based on the segmented CT image(s).

{66121} Figure 12B shows an exemplary flow diagram of an exemplary method 1235 for
determining a drainage site of a lesion in a patient according to an exemplary embodiment of
the present disclosure. For example, at procedure 1240, information obtained from a CT
scan(s) the brain can be received. At procedure 1245, a CT image(s) can be generated that
can be based on the information. At procedure 1250, a location of a lesion in the CT can be
automatically determined by, for example, a computing arrangement (e.g., as shown in Figure

13). Additionally, or alternatively, at procedure 1250, the location of the lesion can be
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determined by a person (e.g., a doctor), and the location can be transmitted to/received by the
computing arrangement. At procedure 1255, an attribute of the lesion can be determined. At
procedure 1260, the drainage site can be determined based on the attribute.

[00122] Figure 13 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 1302. Such processing/computing arrangement 1302 can be, for
example entirely or a part of, or include, but not limited to, a computer/processor 1304 that
can include, for example one or more microprocessors, and use instructions stored on a
computer-accessible medium (e.g., RAM, ROM, hard drive, or other storage device).

[00123] As shown in Figure 13, for example a computer-accessible medium 1306 (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 1302). The computer-accessible medium 1306 can contain
executable instructions 1308 thereon. In addition or alternatively, a storage arrangement
1310 can be provided separately from the computer-accessible medium 1306, which can
provide the instructions to the processing arrangement 1302 so as to configure the processing
arrangement to execute certain exemplary procedures, processes and methods, as described
herein above, for example.

[00124] Further, the exemplary processing arrangement 1302 can be provided with or
include an input/output arrangement 1314, 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
Figure 13, the exemplary processing arrangement 1302 can be in communication with an
exemplary display arrangement 1312, 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 1312 and/or a storage arrangement
1310 can be used to display and/or store data in a user-accessible format and/or user-readable
format.

[00125] 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
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thus within the spirit and scope of the disclosure. Various different exemplary 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 specification, drawings and claims thereof, can be used
synonymously 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
synonymous 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 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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WHAT IS CLAIMED IS:

1. A non-transitory computer-accessible medium having stored thereon computer-executable
instructions for determining at least one attribute of a brain of a patient, wherein, when a
computer arrangement executes the instructions, the computer arrangement is configured to
perform procedures comprising:

receiving information obtained from at least one computed tomography (CT) scan of
at least one portion of the intracranial cavity;

generating at least one CT image based on the information; and

determining the at least one attribute of the area(s) of interest identified based on the

at least one CT image by segmenting an intracranial space (ICS) in the at least one CT image.

2. The computer-accessible medium of claim 1, wherein the at least one attribute includes (i)
a brain volume, (i1) a cerebral spinal fluid volume, (ii1) a presence or absence of Alzheimer’s
disease, (iv) vascular dementia, (v) normal pressure hydrocephalus, (vi) post traumatic

dementia, (vii) post infectious atrophy or (viii) Creutzfeld-Jacob.

3. The computer-accessible medium of claim 1, wherein the at least one attribute includes at
least one of a total volume of the brain or brain volume as a percentage of cranial cavity or
volume of the CSF or volume of the CSF as a percentage of cranial cavity or volume of the

lesion or volume of the lesion as a percentage of other structure(s).

4. The computer-accessible medium of claim 1, wherein the computer arrangement segments

the ICS using an EdgeWave procedure.

5. The computer-accessible medium of claim 4, wherein the EdgeWave procedure is a

parallel procedure.
6. The computer-accessible medium of claim 4, wherein the computer arrangement performs
the EdgeWave procedure by selecting a plurality of voxels in the second imaging information

that have a particular CT attenuation range.

7. The computer-accessible medium of claim 6, wherein the particular attenuation range is

from about -500 Hounsfield units (HU) to about +125 HU.
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8. The computer-accessible medium of claim 4, wherein the computer arrangement is further
configured to substantially eliminate, from the at least one CT image, small soft tissue

structures that link the intracranial cavity to the extracranial soft tissues.

9. The computer-accessible medium of claim 8, wherein the computer arrangement
substantially eliminates the small soft tissue structures using a morphological erosion

procedure.

10. The computer-accessible medium of claim 9, wherein a default radius of the

morphological erosion procedure is about 5 millimeters.

11. The computer-accessible medium of claim 8, wherein the small soft tissue structures

include nerves and blood vessels.

12. The computer-accessible medium of claim 4, wherein the computer arrangement is

further configure to determine the ICS based on the at least one CT image.

13. The computer-accessible medium of claim 12, wherein the computer arrangement is

further configured to decompose the ICS into at least two distinct portions.

14. The computer-accessible medium of claim 13, wherein the at least two distinct portions

include cerebral spinal fluid (CSF) volume and/or brain of the patient and the brain.
15. The computer-accessible medium of claim 14, wherein the computer arrangement
decomposes the ICC by separating the CSF volume from the brain by selecting all ICS voxels

having an attenuation value within a fluid range.

16. The computer-accessible medium of claim 15, wherein the fluid range is less than about

25 Hounsfield units.

17. The computer-accessible medium of claim 15, wherein the fluid range is based on a

visual inspection of the CT image by at least one person.
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18. The computer-accessible medium of claim 15, wherein the computer arrangement
separates the CSF volume from the brain using a multimodality co-registration procedure, or

visual inspection.

19. The computer-accessible medium of claim 18, wherein the multimodality co-registration

procedure is based on CT and T,-weighted magnetic resonance imaging.

20. A method for determining at least one attribute of a brain of a patient, comprising:
receiving information at least one computed tomography (CT) scan of the brain;
generating at least one CT image based on the imaging information; and
using a computer hardware arrangement, determining the at least one attribute of the

brain based on the at least one CT image.

21. The method of claim 20, wherein the at least one attribute includes (i) a brain volume,
(i1) a cerebral spinal fluid volume, (ii1) a presence or absence of Alzheimer’s disease, (iv)
vascular dementia, (v) normal pressure hydrocephalus, (vi) post traumatic dementia, (vii) post

infectious atrophy or (viii) Creutzfeld-Jacob.

22. The method of claim 20, wherein the at least one attribute includes at least one of a total
volume of the brain or brain volume as a percentage of cranial cavity or volume of the CSF or
volume of the CSF as a percentage of cranial cavity or volume of the lesion or volume of the

lesion as a percentage of other structure(s).

23. The method of claim 20, further comprising segmenting the ICS using an EdgeWave

procedure.

24. The method of claim 23, wherein the EdgeWave procedure is a parallel procedure.

25. The method of claim 23, further comprising performing the EdgeWave procedure by
selecting a plurality of voxels in the second imaging information that have a particular CT

attenuation range.

26. The method of claim 25, wherein the particular attenuation range is from about -500

Hounsfield units (HU) to about +125 HU.
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27. The method of claim 23, further comprising substantially eliminating, from the at least
one CT image, small soft tissue structures that link the intracranial cavity to the extracranial

soft tissues.

28. The method of claim 27, further comprising eliminating the small soft tissue structures

using a morphological erosion procedure.

29. The method of claim 28, wherein a default radius of the morphological erosion procedure

is about 5 millimeters.

30. The method of claim 27, wherein the small soft tissue structures include nerves and

blood vessels.

31. The method of claim 23, further comprising determining the ICS based on the at least

one CT image.

32. The method of claim 31, further comprising decomposing the ICS into at least two

distinct portions.

33. The method of claim 32, wherein the at least two distinct portions include cerebral spinal

fluid (CSF) volume and/or brain of the patient and the brain.

34. The method of claim 33, further comprising decomposing the ICC by separating the CSF
volume from the brain by selecting all ICS voxels having an attenuation value within a fluid

range.

35. The method of claim 34, wherein the fluid range is less than about 25 Hounsfield units.

36. The method of claim 34, wherein the fluid range is based on a visual inspection of the

CT image by at least one person.

37. The method of claim 34, further comprising separating the CSF volume from the brain

using a multimodality co-registration procedure, or visual inspection.
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38. The method of claim 37, wherein the multimodality co-registration procedure is based on

CT and T,-weighted magnetic resonance imaging.

39. A system for determining at least one attribute of a brain of a patient, comprising:
using a computer hardware arrangement,
receiving information obtained from at least one computed tomography (CT)
scan of the brain;
generating at least one CT image based on the information; and
determining the at least one attribute of the brain based on the at least one CT

image.

40. The system of claim 39, wherein the at least one attribute includes (1) a brain volume, (i1)
a cerebral spinal fluid volume, (ii1) a presence or absence of Alzheimer’s disease, (iv)
vascular dementia, (v) normal pressure hydrocephalus, (vi) post traumatic dementia, (vii) post

infectious atrophy or (viii) Creutzfeld-Jacob.

41. The system of claim 39, wherein the at least one attribute includes at least one of a total
volume of the brain or brain volume as a percentage of cranial cavity or volume of the CSF or
volume of the CSF as a percentage of cranial cavity or volume of the lesion or volume of the

lesion as a percentage of other structure(s).

42. The system of claim 39, wherein the computer hardware arrangement segments the ICS

using an EdgeWave procedure.

43. The system of claim 42, wherein the EdgeWave procedure is a parallel procedure.
44. The system of claim 42, wherein the computer hardware arrangement performs the
EdgeWave procedure by selecting a plurality of voxels in the second imaging information

that have a particular CT attenuation range.

45. The system of claim 44, wherein the particular attenuation range is from about -500

Hounsfield units (HU) to about +125 HU.
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46. The system of claim 42, wherein the computer hardware arrangement is further
configured to substantially eliminate, from the at least one CT image, small soft tissue

structures that link the intracranial cavity to the extracranial soft tissues.

47. The system of claim 46, wherein the computer hardware arrangement substantially

eliminates the small soft tissue structures using a morphological erosion procedure.

48. The system of claim 47, wherein a default radius of the morphological erosion procedure

is about 5 millimeters.

49. The system of claim 46, wherein the small soft tissue structures include nerves and blood

vessels.

50. The system of claim 42, wherein the computer hardware arrangement is further configure

to determine the ICS based on the at least one CT image.

51. The system of claim 50, wherein the computer hardware arrangement is further

configured to decompose the ICS into at least two distinct portions.

52. The system of claim 51, wherein the at least two distinct portions include cerebral spinal

fluid (CSF) volume and/or brain of the patient and the brain.

53. The system of claim 52, wherein the computer hardware arrangement decomposes the
ICC by separating the CSF volume from the brain by selecting all ICS voxels having an
attenuation value within a fluid range.

54. The system of claim 53, wherein the fluid range is less than about 25 Hounsfield units.

55. The system of claim 53, wherein the fluid range is based on a visual inspection of the CT

image by at least one person.

56. The system of claim 53, wherein the computer hardware arrangement separates the CSF

volume from the brain using a multimodality co-registration procedure, or visual inspection.
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57. The system of claim 56, wherein the multimodality co-registration procedure is based on

CT and T,-weighted magnetic resonance imaging.

58. A non-transitory computer-accessible medium having stored thereon computer-
executable instructions for determining a drainage site of at least one lesion in a patient,
wherein, when a computer arrangement executes the instructions, the computer arrangement
is configured to perform procedures comprising:

receiving a location of the at least one lesion in at least one computed tomography
(CT) image;

determining at least one attribute of the at least one lesion; and

determining the drainage site based on the at least one attribute.

59. The computer-accessible medium of claim 58, wherein the at least one attribute includes
at least one of (i) a centroid, (i1) a density weighted centroid, (iii) a major axis, (iv) a minor
axis, (v) a topmost part of the at least one lesion or (vi) a most dependent part of the subdural

hematoma.

60. The computer-accessible medium of claim 58, wherein the computer arrangement
determines the at least one attribute based on at least one of (i) a shape of the at least one

lesion, (i1) a type of the at least one lesion or (iii) a septation of the at least one lesion.
61. The computer-accessible medium of claim 58, wherein the at least one lesion is at least
one of (1) a hematoma, (i1) a subdural hygroma, (ii1) an abscess on a surface of a brain of the

patient or (iv) a solid that has aspirated through a drain of the patient.

62. The computer-accessible medium of claim 58, wherein the drainage site is a point on a

scale that is determined based on the at least one attribute.

63. The computer-accessible medium of claim 58, wherein the computer arrangement further

determines the location of the at least one lesion the CT image.

64. The computer-accessible medium of claim 58, wherein the location is identified by at

least one person.
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65. The computer-accessible medium of claim 58, wherein the computer arrangement is
further configured to:
receive information obtained from at least one CT scan of the at least one lesion; and

generate the at least one CT image based on the information.

66. The computer-accessible medium of claim 58, wherein the drainage site is an optimal

drainage site.

67. A method for determining a drainage site of at least one lesion in a patient, comprising:
receiving a location of the at least one lesion in at least one computed tomography
(CT) image;
determining at least one attribute of the at least one lesion; and
using a computer hardware arrangement, determining the drainage site based on the at

least one attribute .

68. The method of claim 67, wherein the at least one attribute includes at least one of (1) a
centroid, (i1) a density weighted centroid, (ii1) a major axis, (iv) a minor axis, (v) a topmost

part of the at least one lesion or (vi) a most dependent part of the subdural hematoma.

69. The method of claim 67, further comprising determining the at least one attribute based
on at least one of (1) a shape of the at least one lesion, (ii) a type of the at least one lesion or

(1ii) a septation of the at least one lesion.

70. The method of claim 67, wherein the at least one lesion is at least one of (1) a hematoma,
(i1) a subdural hygroma, (ii1) an abscess on a surface of a brain of the patient or (iv) a solid

that has aspirated through a drain of the patient.

71. The method of claim 67, wherein the drainage site is a point on a scale that is determined

based on the at least one attribute.

72. The method of claim 67, further comprising determining the location of the at least one

lesion the CT image.

73. The method of claim 67, wherein the location is identified by at least one person.
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74. The method of claim 67, further comprising:
receiving information obtained from at least one CT scan of the at least one lesion;
and

generating the at least one CT image based on the information.

75. The method of claim 67, wherein the drainage site is an optimal drainage site.

76. A system for determining a drainage site of at least one lesion in a patient, comprising:
a computer hardware arrangement configured to:
receive a location of the at least one lesion in at least one computed
tomography (CT) image;
determine at least one attribute of the at least one lesion; and

determine the drainage site based on the at least one attribute.

77. The system of claim 76, wherein the at least one attribute includes at least one of (i) a
centroid, (i1) a density weighted centroid, (ii1) a major axis, (iv) a minor axis, (v) a topmost

part of the at least one lesion or (vi) a most dependent part of the subdural hematoma.

78. The system of claim 76, wherein the computer hardware arrangement determines the at
least one attribute based on at least one of (i) a shape of the at least one lesion, (i1) a type of

the at least one lesion or (iii) a septation of the at least one lesion.

79. The system of claim 76, wherein the at least one lesion is at least one of (i) a hematoma,
(i1) a subdural hygroma, (iii) an abscess on a surface of a brain of the patient or (1v) a solid

that has aspirated through a drain of the patient.

80. The system of claim 76, wherein the drainage site is a point on a scale that is determined

based on the at least one attribute.

81. The system of claim 76, wherein the computer arrangement further determines the

location of the at least one lesion the CT image.

82. The system of claim 76, wherein the location is identified by at least one person.
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83. The system of claim 76, wherein the computer hardware arrangement is further
configured to:
receive information obtained from at least one CT scan of the at least one lesion; and

5 generate the at least one CT image based on the information.

84. The system of claim 76, wherein the drainage site is an optimal drainage site.

10
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