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Synopsis

Intracranial artery features measured from 3D magnetic resonance angiography (MRA) may provide new biomarkers for detecting dementia.
Quantitative morphometry and intensity features using iCafe analysis of MRA was compared between cognitively normal and abnormal subjects. We
found significantly lower total artery length (p=0.0046), distal artery length (p=0.0043), number of branches (p=0.0038) and average order (p=0.0250)
in the cognitively abnormal group. These results suggest reduced vascularity for dementia subjects. iCafe is a promising tool to quantitatively
characterize intracranial vascular structures for dementia research.

INTRODUCTION

Dementia is a common disease of the elderly that not only affects quality of life but also reduces lifespan. Despite intensive research in this field, there are no
reliable methods to identify subjects at risk for dementia. Vascular factors such as diabetes, hypertension and atherosclerosis are known to increase the odds of
dementia'~3. Thus assessment of the intracranial vasculature may provide new biomarkers for detecting dementia risk. MR angiography (MRA) although
clinically used for detecting vascular pathologies, has not been used as a comprehensive vascular assessment tool due to the complexity of information
available in MRA.

Recently, the intraCranial artery feature extraction (iCafe)* technique has been demonstrated to provide quantitative morphometry and intensity features for
vasculature visible from 3D time-of-flight (TOF) MRA. Decrease in intracranial blood flow is reflected as decreased length and higher order branch
measurements. We hypothesize that distal artery measurements by iCafe reflecting blood flow decrease that is known to occur with dementia® can be used to
distinguish normal vs abnormal cognitive status. The Adult Changes in Thought study (ACT) is a prospective longitudinal study of cognitive health of a
community-based cohort® where the participants are followed up with cognitive assessment every two years until diagnosis of dementia and/or Alzheimer's
disease. Thus the ACT cohort is well characterized in terms of cognitive ability.

Aim: To identify whether iCafe vascular biomarkers differ between a group of dementia and healthy subjects in participants of the ACT Study.

METHODS

Patient studies

Forty-one subjects (age 78.3+5.7 years, 19 males) were recruited from the ACT cohort. Based on their cognitive assessments, subjects were divided into
healthy and dementia groups. Twenty-six subjects were cognitive normal, and the dementia group included seven subjects with minor cognitive impairment
(MCI), two subjects with Alzheimer's disease (AD), and six with other dementia types (OD).

MR imaging

After informed consent 3D TOF images were scanned on a 3.0T Philips (Best, The Netherlands) Achieva MR scanner under local IRB guidelines. A 32-channel
head coil (Philips Healthcare, Best, The Netherlands) was used. 3D TOF parameters were as follows: TR/TE = 14/3.5 ms, flip angle = 18°, in-plane resolution =
0.30 mmx0.30 mm, slice thickness = 1.4 mm, field of view = 190 mm*190 mm.

Feature extraction

TOF images were resampled to isotropic resolution of 0.30 mm and image intensities were normalized using the Nyul” method to allow comparable intensity
features from different cases in dataset. Artery regions were then traced using an improved open-curve active contour model, and labeled using a maximum a
posteriori model in iCafe. An experienced iCafe operator blinded to cognitive assessment, supervised the tracing and labeling process and made corrections
when needed. Artery traces from one subject with AD and one healthy subject are shown in Figure 1 and Figure 2, respectively.

A group of representative features (listed in Table 1) reflecting typical intracranial arterial characteristics were quantified using iCafe.
Statistical Testing

Student’s t test was used to assess the difference for healthy and dementia groups of each feature. P<0.05 was considered as statistically significant without
adjustment for the number of comparisons.

RESULTS

Representative features extracted from iCafe for healthy and dementia groups are shown in Table 2. The dementia group had significantly lower total artery
length (p=0.0046). Further dividing the arteries into proximal and distal subgroups, the dementia group had significantly lower distal length (p=0.0043), but not
proximal length (p=0.6660). The dementia group also had a lower number of branches (p=0.0038) and average branch order (p=0.0250). Other vascular
features did not show significant differences.

DISCUSSION
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iCafe measurements were able to distinguish between normal and cognitively impaired groups. We found relatively reduced vasculature for dementia group.
This is likely due to reduced blood flow with dementia and therefore reduced visibility of the more distal intracranial arteries on TOF MRA. Since visibility of distal
vessels on TOF are first reduced with decreased flow, the reduction in distal vessel length and not proximal vessel length suggests that blood flow decrease may
be an indicator for reduced cognitive function.

Although only forty-one subjects were used, iCafe measurements were able to distinguish between the two groups suggesting that iCafe quantification of MRA
may provide high sensitivity to detect subjects with dementia.

CONCLUSION

Using a semi-automated quantitative analysis tool (iCafe), differences in intracranial arterial features were identified on TOF-MRA between cognitively normal
individuals and those with mild cognitive impairment or dementia. Distal artery length measurement by iCafe is reduced in subjects with MCI or dementia
compared to cognitively normal subjects. The quantitative information provided by iCafe is promising for a comprehensive description of intracranial artery status
in dementia.
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Figures

Figure 1 Maximum intensity projection of original image (left) and 3D visualization (right) of traced arteries in iCafe (artery definition in Table 1) for a subject with
Alzheimer’s disease

Figure 2 Maximum intensity projection of original image (left) and 3D visualization (right) of traced arteries in iCafe (artery definition in Table 1) for a healthy
subject
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Total Length Combined length of all the intracranial arteries completely visualized
in the 3D MRA acquisition. The intemal carotid artery (ICA), for
cxnmple, is encluded because it is only partially within the field of

view,

Tatal Volume Volume of all the inl arteries that are P isnalized in
the 3D acquisition. Th hased an the cy
varying radius along the centerline.

Proximal Length Length of arteries near the Circle of Willis, incloding M1 Middle

Cerebral Anteries (MCA), Al Anterior Cerebral Arteries (ACA), P1
Posterior Cerebral Arteries (PCA), BComm (posterior communicating
arteries), AGQMM (anferior communicating  arteries) and OA

(Ophihalnsic Artery).

Distal Length Length of all the M2/3+ MCA, A2- ACA and P2+ PCA.

Total Branches Number of branches (bifurcation to bifurcation or end branch) of valid
arteries.

Average Normalized Intensity  Average signal intensity of each centerline point along all valid arteries
after image normalization,

Average Order The order of an artery i= defined as the number of branches on the
minimum path from that artery o an internal carotid artery (ICA} for
anberior arteries or the hasilar artery (BA) for posterior arteries

Average M1 Radius Average radins of M1 MCA sepments,

Table 1 Features for statistical testing

Healihy group

Total Length (mm) 2703.90:4660.64. 2241 354500.57
Total Valume (mm') 15687.79213077.01 8936.36=4692.75 02016
Distal Leagth (mm) 2644 36:643.57 200, 73::498.2 00043
Proximal Leagth (mm) 125.71530.49 1103541663 06660
Total Tranches 122.04:32.92 10542595 0004
Avemae Normalized 6555827652 619.96:87,00 02459
Intensity
Average Order 6642092 6282001 00280
Averags Tortuosity 1.72:0.16 1662009 0.1123
A G 1.5620.16 1.580.1 09714
{mm)

Table 2 Mean and p value from t test for nine vascular features extracted from iCafe from the healthy group and dementia group (MCI, OD, AD)
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