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4. Rationale: The purpose of this paper is to describe the methodology of the MRI exam and
report on the reliability of MRI variables in a multicenter study designed to characterize carotid
atherosclerotic plaque.

The MRI exam has two main objectives: (1) To determine the composition of carotid
atherosclerosis, in particular the presence and size of the lipid core, calcification, hemorrhage, and
the overlying fibrous cap; (2) To provide reliable measurements of these components using MRI
equipment at multiple sites. We will describe the methodology of this exam designed to achieve
these objectives.

We can think of an individual’s measurement as being made up of two components, the true value
and random error. Reliability is the proportion of “truth” in the measurement, or the ratio of the
true score variance to the observed score variance. Reliability can be estimated by taking repeated



measurements of the same group of people to determine how much their measurements fluctuate.
Fluctuations from one person’s measurements are attributed to error. If reliability is low, the
ability to differentiate between the subjects with different risk factors or disease states decreases.
The ARIC Carotid MRI quality control program was designed to monitor the reliability of MRI
measurements over time, and to identify factors that might affect reliability.

Potential sources of error in measurement include variability in scan quality, variation in protocol
adherence, variation between readers performing the image analyses, and variation over time
within an individual. Two sub-studies were designed to evaluate additional sources of variation.
The first study has fewer sources of variation. A sample of approximately 100 participants were
selected at the MRI reading center for replicate analysis. The MRI scan was sent to the same or a
different reader for analysis and measures obtained from independent analyses were compared.
Measurement error variation estimated from this data cannot be attributed to variation in scan
quality, protocol adherence, or within-subject variation over time. In the second study, a random
sample of 60 subjects was selected to have undergo a second MRI scan within 4 to 8 weeks of the
first exam. These additional QC scans were labeled with a phantom participant ID that is
indistinguishable from other ID numbers, so that the MRI reading center laboratory was blinded to
the QC process. Measurement error variation estimated from this second study includes the
sources of error present in Study 1 and variation in scan quality, protocol adherence, or within-
subject variation over time.

5. Main Hypothesis/Study Questions:

1) What is the reliability of MRI variables in a large multicenter study? Are there factors that are
associated with reliability (e.g., quality of the scan)? Using results from both sub-studies, estimate
the component of variation that is attributable to reader error, image acquisition, and short-term
within-subject.

2) What is the prevalence of the lipid core, intraplague hemorrhage and calcification in carotid
atherosclerosis in the ARIC population? What is the average maximum and mean wall
thicknesses of the carotid wall in the general population? What is the mean cap thickness for
carotid plagues at the slice showing the largest lipid core?

6. Data (variables, time window, source, inclusions/exclusions): Internal QC pool: 100
replicates selected at random at the MRI Reading Center. Repeatability study data: repeated MRI
one month apart on 60 participants selected (non-randomly) at the field centers, and blinded to
Reading Center staff.

Exclusions/Inclusions: none

For each of the sub-studies, we will compute standard indices of reliability including: (1) mean,
standard deviation of paired measurements; (2) the mean difference, and associated confidence
interval, between paired measurements on the same subject; (3) variances (within- and between-
subject); (4) proportion of total variance attributable to measurement error (e.g., reliability).

We will estimate reliability (R) from a one way analysis of variance with subject as the only
factor. Thatis, R = (MS;, - MS,)/ (MSy, + MS,,), where using the MSy, and MS,, are the between



and within-subject mean square values, respectively. We can also estimate reliability by treating
subject as a random effect in a mixed model. Using this model, the total variance is partitioned
between the variance of the random effect parameter (within-subject) and residual components of
variation. Using this modeling framework, we will also examine the effect of various factors on
reliability. In particular, we will examine whether inclusion of fixed effects such as field center,
technician, scan quality score, time trends significantly reduces or “explains” the within-subject
component of variance.

Some of the variables can only be estimated for patients who have a lipid core present
(approximately 30% of the sample). For these variables, we will test for differences between
reliability estimates obtained for Study 1 and Study 2 — in the absence of significant differences
we will combine the data for both studies for these variables.

Prevalence and mean values of MRI variables will be estimated, using sample weights, to
represent the entire ARIC eligible population and separately its black women, black men, white
women and white men.
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