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4. Rationale: White matter hyperintensity (WMH) is the most common manifestation
of cerebrovascular disease in the elderly. Presence and severity of WMH contributes to
risk of symptomatic stroke, as well as cognitive decline, gait deterioration and late-life



depression. Furthermore, individuals with higher volumes of WMH have greater
functional disabiity following acute ischemic stroke.

Studies of WMH require accurate measurement of the volume of brain affected.
Accurate automated and semi-automated methods have been successfully applied to
research MRIs that have been rigorously performed according to a set protocol. Patients
with known history of cerebral infarction or other cerebral lesion, however, are generally
excluded from such studies because of the challenge of distinguishing WMH from other
brain lesions. Because of this limitation to established quantitative measurement
approaches, an enormous resource for investigations of WMH has not been made fully
available. This resource includes patients with stroke admitted to the hospital, who
undergo MRI scans for clinical indications.

We have developed a semi-automated method of measuring WMH volumes from clinical
MRI scans. Highly reliable, with excellent correlation with the standard semi-quantitative
(visual grading) scales applied to WMH on clinical MRI scans, this method has enabled
us to demonstrate the relationship between increasing volume of WMH and poor
outcome from stroke. Furthermore, it is the basis of a genome-wide association study of
WMH volume in patients with stroke, funded by the American Heart Association-Bugher
Foundation.

While our semi-automated method for measuring WMH is reliable, its accuracy remains
to be assessed. Taking advantage of unique resources of ARIC, we propose to evaluate
the accuracy of semi-automated volumetric measures of WMH by comparing it to “gold
standard” measurements in the ARIC cohort. In addition to providing a vital assessment
of what is, at present, the only available method of directly measuring WMH volume from
clinical MRI scans, this study could facilitate reconciling methodological differences
among various WMH databases and allow for data integration and interchange for future
joint studies of WMH.

5. Main Hypothesis/Study Questions: Our main hypothesis is that the semi-
automated method for measuring WMH is highly accurate when compared to “gold
standard” measurements in the ARIC cohort.

6. Design and analysis (study design, inclusion/exclusion, outcome and other
variables of interest with specific reference to the time of their collection, summary
of data analysis, and any anticipated methodologic limitations or challenges if
present). Using 120 electronically available, previously-evaluated MRI scans from
subjects enrolled in the ARIC study, we will (a) identify scans randomly, equally sampled
from the individuals whose WMH grade was designated as mild, moderate, and severe
(40 scans per group), and send these scans, de-identified, to MGH; (b) at MGH, we will
measure the severity of the WMH on all 120 scans using semi-automated volumetric
analysis; (c) calculate correlations between WMH volumes (measured in cm®) using the
MGH method vs. the “gold standard,” as well as WMH grade.

MGH volumetric analysis procedures. MRI images will be transferred in DICOM
format and under the full HIPAA restrictions to MGH for volumetric analysis. Scans will
be converted to Analyze format using MRIcro (www.mricro.com ) for computer-assisted
determination of WMH volume without knowledge of clinical or neuroimaging grading
information associated with each scan. All scans will be stored on a secure MGH server




and will be analyzed under the supervision of Dr. Natalia Rost, who is also responsible
for quality assurance and training in the MGH Stroke research neuroimaging program.

We will preferentially segment the areas of supratentorial WMH on FLAIR images
in the axial plane. Then, using a semi-automated technique based on intensity
thresholding by setting individually determined intensity thresholds, the first layer of ROIs
corresponding to WMH will be created. A second layer of ROIs will then be manually
outlined on each slice by gross contouring of all WMHs. The intersection of first and
second layers of ROIs to serve as a WMH map for volume calculation by MRIlcro will
finally be manually inspected and corrected, if needed. In order to normalize WMH
volumes to correct for differences in head size, a validated method for calculating ICA as
a surrogate measure of intracranial volume will be used. nWMH was calculated by
dividing the subject's WMH volume by the ratio of the subject’s ICA to the mean ICA of
the study population (153 cm?). To avoid the possibility that the ischemic infarct might
distort the underlying white matter, WMH volume for these subjects will be calculated in
the hemisphere without the lesion, and the amount of WMH will be doubled for final
record. This method has high inter-rater reliability for WMH (ICC=0.98) and ICA
(ICC=0.92) measurement.

MGH neuroimaging quality assurance procedures. WMH volume measurements will
be carried out by research staff the direct supervision of Dr. Rost. All readers will have
undergone 6 hours of didactic instruction on brain and cerebrovascular anatomy,
principles of MRI and the use of software involved in image processing and
determination of WMH volume and midline cross-sectional sagittal ICA. These
individuals must then measure NnWMH volume on a standard set of 20 MRI scans with
subsequent review and feedback by Dr. Rost. When adequate technical ability is
demonstrated the potential reader performs nWMH segmentation on an additional set of
10 MRI and the results are compared, by calculation of the intra-class correlation
coefficient for total nWMH volume and mid-sagittal ICA, to previously performed gold-
standard segmentations. If adequate performance, defined as an intra-class correlation
co-efficient of >0.9, is demonstrated then the reader is certified. Continuous quality
checks are performed for all readers. For each reader, a random sampling of 10 out of
every 100 nWMH volumes is independently confirmed by another certified reader.
Readers are permitted to move on to the next 100 scans if inter-rater reliability is
maintained (ICC>0.9).

Inclusion/Exclusion criteria. Inclusion criteria are availability of MRI in digital format
(including T2 FLAIR, DWI, and saggital T1 sequences) and availability of the WMH
severity score based on the ARIC criteria.

Statistical Methods. Scale comparison, inter-rater agreement, and correlations with
gquantitative measurements will be obtained in order to determine accuracy of the MGH
method.

Potential Limitations. Anticipated methodological limitation could be related to the
guality of the MRI images and presence of cerebral infarcts which may obscure WMH
available for analysis. However, this issue is routinely addressed using our semi-
automated method and will be accounted for by the volumetric measurement protocol.
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