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Extended Volumetric Analysis based on NeuroQuant® data

Note: These data were modified from those originally published on12/13/11 in order to increase the
precision and add new brain regions. The volumetric and statistical results are the same except for
differences that would be expected due to rounding errors.

Patient:

Date of MRI: 04/25/11

Location of MRI:

Date of report:

LH . RH . Asym- .
Region Volume t:{;t:‘llf Volume :{::E me):,try t:{;t:‘llf
(% of ICV) (% of ICV) Index %
Whole Brain
Parenchyma 38.909% | 99.2% | 39.609% | 99.2% -1.784% | 37.5%
Forebrain
Parenchyma 33.051% | 97.1% | 33.611% | 97.2% -1.681% | 41.7%
Cortical Gray
Matter 16.826% | 96.3% | 17.162% | 96.6% -1.975% | 35.7%
Cerebral White
Matter 14.346% | 47.9% | 14.520% | 46.0% -1.205% | 59.7%
Lateral Ventricle 0.576% | 17.8% 0.652% | 21.4% -12.386% | 18.6%
Inferior Lateral
Ventricle 0.043% 3.9% 0.045% 6.9% -3.151% | 38.9%
Total CSF 0.675% | 14.7% 0.799% | 17.6% -16.771% | 15.3%
Caudate 0.213% | 15.7% 0.269% | 52.9% -23.331% 0.1%
Putamen 0.356% | 83.0% 0.313% | 57.1% 12.624% | 86.1%
Pallidum 0.074% | 75.0% 0.070% | 62.8% 5176% | 77.9%
Thalamus 0.541% | 63.2% 0.592% | 93.5% -9.098% 9.3%
Amygdala 0.109% | 33.2% 0.098% | 16.0% 10.622% | 84.1%
Hippocampus 0.238% | 33.0% 0.252% | 32.5% -5.549% | 56.9%
Cerebellum 5.060% | 99.8% 5.127% | 100.0% -1.314% | 10.4%
Brain Stem 0.798% | 72.3% 0.871% | 48.2% -8.784% | 86.5%
L+R
Volume %tile
Whole Brain (% of ICV) | rank
Parenchyma (L+R)
78.519% | 99.3%
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Note: LH = left hemisphere. RH = right hemisphere. %tile = normative percentile.
Al = Asymmetry Index.
“—"indicates that the data were unreliable due to artifact.
“*” indicates a normative percentile which was statistically and clinically significant,
defined as any of the following:
* A parenchymal region < 5" normative percentile, consistent with atrophy
* A ventricular region = 95™ normative percentile, consistent with atrophy of the
surrounding parenchyma
* Asymmetry index < 2.5™ or 2 97.5™ normative percentile, consistent with
atrophy of the smaller structure
* Asymmetry index < 5™ or > 95™ normative percentile for cases in which there
were other unilateral, homodirectional signs of head or brain injury, including:
o scalp contusions or lacerations
o cranial fractures
o unilateral brain abnormalities identified by the attending radiologist which
are consistent with or assomated with parenchymal atrophy
o asecond asymmetry index < 5™ or > 95™ normative percentile and
homodirectional with the first asymmetry index

Inspection for image segmentation quality: NeuroQuant® segmented (color-coded)
DICOM images were inspected visually by A.L.O. and D.E.R. The following
segmentation errors were identified:

* None

Othervwse the regions of interest were found to be accurately identified by the
NeuroQuant® software.

Summary of positive findings: Abnormal volumes consistent with parenchymal
atrophy were found in the following regions:
* None

Methods for NeuroQuant Extended Analysis

Introduction

NeuroQuant® is a commercially available, FDA-approved method for measuring
brain volume using MRI data (http://www.cortechs.net/products/neuroquant.php). The
purpose of the NeuroQuant® analyses was to test for atrophy of brain parenchymal
regions and enlargement of ventricular regions. The published literature strongly
supports the idea that, after traumatic brain injury, brain parenc (%/ma atrophies and
ventricles enlarge (Bigler 2005; Bigler 2011). Each NeuroQuant analysis compared
the patient’s data to normal control data. For all NeuroQuant® analyses brain region
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volume was corrected for head size by dividing the brain region volume by intracranial
volume and expressing the result as a percentage.

NeuroQuant® Standard analysis

The NeuroQuant® standard analysis provided measures of 11 brain regions, with 3
of those regions compared to a normal control group. For each of those 3 regions,
total volume—that is, combined left and right volumes—were compared to the normal
control group.

NeuroQuant® Extended analysis
ADNI Normal Control Database
Results from the NeuroQuant standard analysis were used to perform an
additional, extended analysis. Normal control data were obtained from a larger group
previously studied as part of the Alzheimer’s Disease Neuroimaging Initiative (ADNI)
(Jack_Jr, Bernstein et al. 2008; Petersen, Aisen et al. 2010; Weiner, Aisen et al.
2010). The ADNI normal control data are publicly available (http://adni.loni.ucla.edu).
VIN Normal Control Group
For the present analysis, a subgroup 20 normal control subjects (10 men, 10
women) were chosen from the ADNI database. The IDs and dates of the MRIs were
as follows:

ID Date of MRI

002 S 1261 | 02/15/07
002 S 1280 | 02/13/07
011 S 0016 | 09/27/05
011 S 0022 | 10/10/05
020 S 1288 | 03/13/07
023 S 0058 | 12/12/05
023 S 0926 | 10/16/06
036_S 0672 | 07/21/06
037 S 0327 | 04/19/06
057 S 0934 | 10/04/06
067 S 0056 | 11/09/05
073 S 0089 | 01/26/06
098 S 0172 | 02/26/06
099 S 0090 | 01/11/06
099 S 0534 | 05/04/06
116_S 1249 | 03/01/07
128 S 0272 | 03/22/06
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128 S 0522 | 05/19/06
130_S 0969 | 10/18/06
133_S 0525 | 07/10/06

The mean age of the normal controls was 68.3 years (SD 3.6 years; range 60.0-
71.5). The standard NeuroQuant® analysis was done for each of the normal controls.
The results were used to determine means and standard deviations for each of the 11
brain regions, left and right sides, and asymmetry indices.

For the extended analysis, the patient’s data from the standard analysis were
compared to the data from the normal controls in order to calculate normative
percentile ranks (see above).

For further information regarding the use of NeuroQuant, see the appended
document "Review of the Evidence Supporting the Use of NeuroQuant®."
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Neuropsychiatrist

Virginia Institute of Neuropsychiatry Patient information

(804) 594-7046 (voice)
(866) 586-8977 (fax)
www.VaNeuropsychiatry.org



Virginia Institute of Neuropsychiatry

References

Bigler, E. D. (2005). Structural imaging. Textbook of Traumatic Brain Injury. J. M.
Silver, T. W. McAllister and S. C. Yudofsky. Washington, DC, American
Psychiatric Publishing, Inc.

Bigler, E. D. (2011). Structural imaging. Textbook of Traumatic Brain Injury. J. M.
Silver, T. W. McAllister and S. C. Yudofsky. Washington, DC, American
Psychiatric Publishing, Inc.: 73-90.

Brewer, J. B. (2009). "Fully-automated volumetric MRI with normative ranges:
translation to clinical practice." Behav Neurol 21(1): 21-28.

Brewer, J. B., S. Magda, et al. (2009). "Fully-automated quantification of regional brain
volumes for improved detection of focal atrophy in Alzheimer disease." Am J
Neuroradiol 30(3): 578-580.

Huppertza, H., J. Kroll-Segera, et al. (2010). "Intra- and interscanner variability of
automated voxel-based volumetry based on a 3D probabilistic atlas of human
cerebral structures." Neurolmage 49: 2216-2224.

Jack_Jr, C. R., M. A. Bernstein, et al. (2008). "The Alzheimer's Disease Neuroimaging
Initiative (ADNI): MRI methods." J Magn Reson Imaging 27(4): 685-691.
Kovacevic, S., M. S. Rafii, et al. (2009). "High-throughput, Fully Automated Volumetry
for Prediction of MMSE and CDR Decline in Mild Cognitive Impairment.”

Alzheimer Dis Assoc Disord 23(2): 139-145.

Petersen, R. C., P. S. Aisen, et al. (2010). "Alzheimer's Disease Neuroimaging
Initiative (ADNI): clinical characterization." Neurology 74(3): 201-209.

Ross, D. E., A. L. Ochs, et al. (2012). "NeuroQuant® revealed hippocampal atrophy in
a patient with traumatic brain injury." Journal of Neuropsychiatry and Clinical
Neurosciences 24(1) E33.

Weiner, M. W., P. S. Aisen, et al. (2010). "The Alzheimer's disease neuroimaging
initiative: progress report and future plans." Alzheimers Dement 6(3): 202-211.

Virginia Institute of Neuropsychiatry Patient information

(804) 594-7046 (voice)

(866) 586-8977 (fax)
www.VaNeuropsychiatry.org



