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Conclusion:
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To investigate whether short-term, intensive lipid therapy
leads to changes in microvascular characteristics, as mea-
sured by using dynamic contrast material-enhanced (DCE)
magnetic resonance (MR) imaging.

Institutional review board approval and informed consent
were obtained for this HIPAA-compatible study. Subjects
with established coronary artery disease or carotid artery
stenosis of 15% or greater determined by using ultrasonog-
raphy and with levels of apolipoprotein B of 120 mg/dL
(1.2 g/L) or greater were enrolled in an ongoing study
(clinical trial NCT00715273). All received intensive lipid
therapy to achieve targeted high- and low-density lipopro-
tein cholesterol levels and underwent serial serum moni-
toring including high-sensitivity C-reactive protein (HsCRP)
level measurements. Carotid artery MR imaging examina-
tions including morphologic and DCE MR images were ob-
tained at baseline and 1 year after treatment. In subjects
with advanced lesions (>2 mm thick), MR image analysis
was performed, including measurement of lipid-rich ne-
crotic core size and kinetic modeling of DCE MR images
to assess changes in the transfer constant (K“). The
differences in K™ between baseline and 1-year follow-up
were compared by using the Wilcoxon signed rank test, and
associations were assessed by using the Spearman rank
correlation coefficient.

Twenty-eight subjects with interpretable DCE MR imag-
ing results at both baseline and 1-year follow-up were in-
cluded. After 1 year of treatment, a significant reduction
was found in mean K" (0.085 min~! + 0.037 [standard
deviation| to 0.067 min~' = 0.028, P = .02). Reduction
in K" was not significantly correlated with observed re-
ductions in lipid-rich necrotic core size or reductions in

HsCRP level.

These findings suggest that DCE MR imaging may be a
useful imaging method for the assessment of the thera-
peutic response of the vasa vasorum in patients with ath-
erosclerotic plaque.

Clinical trial registration no. NCT00715273.

©RSNA, 2011
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he onset of atherosclerosis leads to

growth of the adventitial vasa vaso-

rum, expressed as a disorganized
pattern of neovessels with enlarged and
irregular diameters (1). Adventitial-
derived vasa vasorum neovascularization
plays a significant role in atherosclerotic
plaque progression and destabilization
(2-4). Investigators in a recent study
(5) have shown that adventitial vasa
vasorum density and permeability pre-
cede an increase in intima-media thick-
ness, endothelial dysfunction (6), and,
most important, inflammatory activity
of the plaque (7,8). Plaque instability,
which leads to plaque rupture and clinical
events, may be triggered by the disrup-
tion and leakage of immature neoves-
sels originating from adventitial vasa
vasorum (9).

Because of the role of neovessels in
atherosclerosis, there has been a grow-
ing interest in the development of imag-
ing techniques with the capability for
visualization and quantification of the
vasa vasorum in vivo. Dynamic contrast
material-enhanced (DCE) magnetic reso-
nance (MR) imaging with a gadolinium-
based contrast agent permits the as-
sessment of neovascular architecture
and functional characteristics, such as
fractional plasma volume (vp) and per-
meability (10-12). DCE MR imaging
also provides high spatial resolution that
permits localization of the measure-
ments, including the adventitial bound-
ary, the source of the vasa vasorum (12).
Among available kinetic parameters,
most DCE MR imaging studies have fo-
cused on the transfer constant (K"™),
which is interpreted as the mathemat-

Advances in Knowledge

B [ntensive lipid therapy is associ-
ated with a significant reduction
in the transfer constant (K'"a")
within 12 months of onset of
treatment, as measured by using
dynamic contrast-enhanced MR
imaging of the carotid artery.

B Reduction in K" occurs inde-
pendent of change in lipid core
size or change in C-reactive pro-
tein level in the short term.

ical product of vessel surface area and
permeability (13).

The capability of DCE MR imaging
to characterize vasa vasorum neovas-
cularization and its permeability might
be helpful for understanding therapeu-
tic effects on the vasa vasorum. On the
basis of findings in previous studies in
animal models that have indicated that
statins inhibit vasa vasorum neovascu-
larization (14,15), we hypothesized that
intensive lipid therapy over 12 months
would reduce the neovessel density and/or
permeability within the adventitial vasa
vasorum, thereby reducing K", as
measured by using DCE MR imaging.
The aim of this study was to investigate
whether short-term, intensive lipid ther-
apy leads to changes in microvascular
characteristics, as measured by using
DCE MR imaging.

Materials and Methods

This investigation was conducted as
part of the ongoing Carotid Plaque
Composition study (clinical trial no.
NCTO00715273; http://clinicaltrials.gov)
(16). Funding and medications were
provided in part by Pfizer (New York, NY).
Medications were also provided by Ab-
bott Laboratories (Abbott Park, IlI) and
Daiichi-Sankyo (Parsippany, NJ). The data
and information presented here were
in the sole control of the authors. In ad-
dition, one author (W.S.K.) is employed by
a company that develops software simi-
lar to that described here, but that au-
thor did not have access to the data being
presented.

Study Population

All subjects provided written informed
consent, and the study protocol was ap-
proved by the institutional review board
(University of Washington, Seattle,
Wash). Between May 2001 and May
2004, the prospective Carotid Plaque

Implication for Patient Care

B K" may prove to be an imaging
marker for the assessment of
therapeutic response of the vasa
vasorum in patients with athero-
sclerotic plaque.

Composition study recruited 123 sub-
Jjects. These subjects met the following in-
clusion criteria: (a) Men were younger
than 67 years and women were younger
than 70 years; (b) they had a family
history of cardiovascular disease; (c)
they had documented coronary artery
disease, with at least one lesion with
a 50% stenosis or three coronary le-
sions with a 30% stenosis, or a history
of myocardial infarction, percutaneous
coronary intervention, or coronary ar-
tery bypass graft surgery, or they had
documented carotid artery stenosis of
greater than 15% by using ultrasonog-
raphy (US); (d) they had a confirmed
fasting apolipoprotein B level of 120
mg/dL (1.2 g/L) or higher; (e) they
were willing to participate in the study
and sign an informed consent form;
(f) they were medically stable; (g) they
had no contraindications to MR imag-
ing; (h) they had not been treated with
lipid-lowering therapy for longer than
1 year; and (i) they had no ischemic
neurologic symptoms. Of more than
6600 subjects screened, 1392 (21.1%)
potential subjects were contacted by
their cardiologists and given study infor-
mation. Two hundred forty-eight subjects
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Cl = confidence interval

DCE = dynamic contrast material enhanced
HsCRP = high-sensitivity C-reactive protein
K = transfer constant

v, = fractional plasma volume
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(17.8% of 1392) were eligible for a
screening blood draw, and 123 subjects
(49.6% of 248) consented to participate.
The major reason for subject screening
failure was that many subjects had been
treated with lipid-lowering therapy for
longer than 1 year.

After enrollment, subjects were ran-
domized to one of three treatment arms.
All subjects received atorvastatin (Lip-
itor; Pfizer), at 10-80 mg/d. One-third
received atorvastatin alone, one-third
also received extended-release niacin at
2 g/d, and one-third received extended-
release niacin plus colesevelam (Welchol;
Daiichi-Sankyo) at 3.8 g/d. The treat-
ment target for low-density lipoprotein
cholesterol level was 80 mg/dL (2.07
mmol/L) or lower for the single- and
double-treatment groups and 60 mg/dL
(1.55 mmol/L) or lower for the triple-
treatment group. The treatment target
for high-density lipoprotein cholesterol
level for the two niacin-treated groups
was to increase the level by 10 mg/dL
(0.26 mmol/L) from baseline. At pres-
ent, blinding remains in effect. High-
sensitivity C-reactive protein (HsCRP) was
determined at baseline and at 12 months.

MR Imaging Protocol

Subjects underwent MR imaging of the
carotid artery and DCE MR imaging at
baseline and at 1 year after intensive
lipid therapy with a 1.5-T imaging unit
(Signa Horizon EchoSpeed; GE Health-
care, Piscataway, NJ) with a phased-
array carotid artery surface coil (Path-
way MR Imaging, Seattle, Wash). A
standardized multicontrast-weighted ca-
rotid artery imaging protocol (17) was
used to acquire T1-weighted, proton-
density-weighted, and T2-weighted black-
blood images and time-of-flight bright-
blood angiographic images. Imaging
parameters for each weighting were as
follows: For T1-weighted images, rep-
etition time msec/echo time msec was
800/11; for T2-weighted and proton-
density-weighted images, the parameters
were 3000/40 and 3000/20, respec-
tively; and for time-of-flight images,
they were 21/2.9, with a flip angle of
15°. All images were obtained centered
at the carotid bifurcation with continu-
ous 16 locations and the following: sec-

tion thickness, 2 mm; field of view, 160 X
120 mm; and matrix size, 256 X 256.
DCE MR imaging was performed by
using a previously published protocol
(10) during intravenous injection of
0.1 mmol/kg of gadodiamide (Omniscan;
GE Healthcare) at a rate of 2 ml/sec
through a power injector (Spectris So-
laris EP; Medrad, Warrendale, Pa). Tm-
ages were simultaneously acquired at
six locations with the following: section
thickness, 3 mm; intersection gap,
1 mm; field of view, 16 X 12 cm; matrix,
256 X 144; and pixels reconstructed at
0.625 X 0.625 mm through zero-filled
interpolation. Images were obtained cen-
tered at the carotid bifurcation and at
12 times separated by a repetition in-
terval of 15 seconds. The acquisition
of the third time was coincident with
the initiation of the injection of the
gadolinium-based contrast agent. Follow-
ing the DCE MR imaging acquisition,
contrast-enhanced T1-weighted images
were acquired 5 minutes after injection
by using the same parameters as were
used for the nonenhanced T1-weighted
images.

Morphologic Characteristics and
Composition Review

Two experienced reviewers (L.D., H.C.,
with more than 3 years of plaque image
review experience), who were blinded
to type of therapy used, laboratory re-
sults, clinical information, and times,
interpreted the multicontrast-weighted
MR images with consensus. Custom-
designed plaque imaging analysis soft-
ware (18) (Cascade; Vascular Imaging
Laboratory, University of Washington,
Seattle, Wash) was used to draw the
lumen and outer wall boundary by us-
ing B-splines. Plaque composition was
identified and outlined by using the pre-
viously published in vivo multicontrast-
weighted MR imaging criteria that have
been validated with histologic analyis
(19). In brief, the lipid-rich necrotic
core appears as an isointense to hyper-
intense signal intensity on T1-weighted
images and as a hypointense signal
intensity on T2-weighted and contrast-
enhanced T1-weighted images (20). Cal-
cification has a hypointense signal inten-
sity on T1-weighted, T2-weighted, proton-

density-weighted, time-of-flight, and
contrast-enhanced T1-weighted images
(19,21). Intraplaque hemorrhage has
a hyperintense signal intensity on T1-
weighted and time-of-flight images (22).

DCE MR Imaging Analysis

The analysis of plaque morphologic char-
acteristics and composition was per-
formed with blinding to the DCE MR
imaging results. Subsequently, all sub-
jects exhibiting a carotid wall thickness
of 2 mm or greater at both baseline and
1 year were selected for DCE MR im-
aging analysis. The 2-mm constraint is
necessary because bright-blood DCE MR
imaging analyses can be corrupted by
signal from flowing blood within the
nearby lumen. A 2-mm thickness ensures
that the adventitia, from which the mea-
surement is taken, has adequate sepa-
ration from the lumen.

The DCE MR imaging analysis was
performed by using an established ki-
netic modeling approach (10,12). In this
approach, “vasa vasorum images” are
automatically generated that show col-
orized, parametric maps of v and K.
The processing begins with registration
of a region of interest around the ca-
rotid artery to eliminate patient motion
through the Kalman filtering registration
and smoothing algorithm (23). Next, a
mean-shift pattern-recognition algorithm
is used to extract an arterial input func-
tion, based on the change in signal in-
tensity of the carotid artery lumen over
time (12). Finally, the arterial input func-
tion is used to estimate v_and K" for
each pixel, based on its temporal changes
in intensity under a Patlak model of agent
kinetics (24). The values for v and K"
are then displayed in a single parametric
image by using the red and green color
channels, respectively.

Onto these parametric vasa vaso-
rum images, the lumen and outer wall
boundaries were then mapped from the
standard contrast weightings, including
nonenhanced and enhanced T1-weighted,
T2-weighted, proton-density-weighted,
and time-of-flight imaging. In the only
manual step, the lumen and outer wall
boundaries were adjusted as neces-
sary by the reviewers by translating the
node points of the B-spline contours.
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Figure 1
Figure 1:  Top: Typical vasa Baseline Demographics in
vasorum image from a 46-year- 28 Subjects
Adventitial Ktrans old man. The kinetic modeling -
results are displayed with v Characteristic Value
} indicated in red and Kt Age ()* 55 + 6
N 4 e .
indicated in green. Regions Sex (%)
“a ¥ with flowing blood, such as the Male 82
carotid artery lumen and jugular Female 18
vein, appear red. Regions with Body mass index (kg/m3)* 28+ 3
-~ rapid transfer, such as the vessel Active smoker (%) 25
adventitia (yellow arrows) appear Hypertension (%) 43
green. Bottom: Representative Diabetes mellitus (%) 7
sequence of DCE MR images Cholesterol level (mg/dL)t
obtained before (image frame Low-density lipoprotein 151 = 32
N=1) and after bolus injection High-density lipoprotein 42 + 11
of the contrast agent gadodiamide HsCRP (mg/L)* 1.8 (0.8-6.2)

The lumen contour was adjusted to en-
close a bright red region corresponding
to the lumen, and the outer wall bound-
ary was adjusted to coincide with a rim
of elevated K™, In making these ad-
justments, the reviewer remained blinded.
Average values of K" and v were
then computed from all pixels within
0.625 mm (1 pixel) of the outer wall
boundary in all regions with at least a
2-mm wall thickness. In previous stud-
ies, this processing chain was shown to
provide high interrate reproducibility,
with an intraclass correlation coefficient

of 0.95 (12).

Statistical Analysis

Statistical comparisons were limited to
those subjects meeting the 2-mm-thick
inclusion criterion for DCE MR imaging
analysis. In addition, comparisons were
performed by using pooled data from
all three treatment groups, because the
study is ongoing and the randomization
remains to be unblinded. The values of
adventitial K'ans, vV HsCRP, and lipid-

(image frames N=3, N=5,
N=7,N=9,and N=11).

rich necrotic core area were recorded
as means * standard deviations, and
the baseline and 1-year means were
compared by using the Wilcoxon signed
rank test. Associations were assessed
by using the Spearman rank correlation
coefficient (p). The 95% confidence in-
tervals (Cls) for the Spearman correla-
tion were calculated by using the non-
parametric bootstrap method with 999
resamples (25). Statistical analysis was
performed by using software (SPSS/PC,
version 12.0, SPSS, Chicago, IlI; R, ver-
sion 2.10.1, R Foundation for Statistical
Computing,Vienna, Austria). A value of
P < .05 was considered to indicate a
significant difference.

Subjects

Of 123 subjects (mean age, 55 years;
range, 35-70 years), 32 were women
(mean age, 58 years; range, 38-70 years)
and 91 were men (mean age, 54 years;

Note.—The remaining 25% of 28 subjects had metabolic
syndrome.

*Values are means = standard deviations.

*Values are means =+ standard deviations. To convert to
Systéme International units in millimoles per liter,
multiply by 0.0259.

*Value is the mean. Number in parentheses is the range.
To convert to Systeme International units in nanomoles
per liter, multiply by 9.524.

range, 35-67 years). Of 123 subjects
enrolled in the Carotid Plaque Composi-
tion study, 31 (25.2%) had a wall thick-
ness greater than 2.0 mm at baseline and
follow-up. Of 31 subjects, 9.7% (three)
had noninterpretable vasa vasorum im-
ages in at least one time because of fail-
ure of the kinetic modeling algorithm as
a consequence of poor image quality.
The demographic characteristics of the
final 28 of 31 subjects (90.3%), including
plasma lipid levels and serum inflamma-
tory marker (HsCRP) at baseline are
summarized in the Table. At baseline,
MR imaging indicated the presence
of a lipid-rich necrotic core in all 28
(100%) subjects, calcification in eight of
28 (28.6%), and no identifiable hemor-
rhage in all (100%).

Vasa Vasorum Imaging Results

Figure 1 illustrates a typical vasa vasorum
imaging result. High adventitial K""s
appeared with varying degrees of con-
spicuity along the outer wall boundary.
In some cases, the rim was defined by a
series of distinct points of high K", as
opposed to continuous lines. Areas of
high v , such as the carotid artery lumen,

Radiology: \/olume 260: Number 1—July 2011 = radiology.rsna.org
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Figure 2
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Baseline Year 1

Figure 2:  Change in adventitial K" before and
after treatment for 1 year.

Figure 4

Baseline

Figure 4: Vasa vasorum images in a 63-year-old man with hypertension. Adventitial K@ was

Figure 3
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Figure 3:

Year 1

Individual changes in adventitial a1

from baseline to year 1. Each line represents one

subject (n = 28).

Year 1

0.129 min~" before therapy and 0.099 min~" after 1- year treatment. There was subtle gradation

of color in adventitial zone (arrows).

A Lipid Core (mm?)
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A Ktrans (min“)
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Figure 5:  Associations between change in K™ and change in (a) lipid-rich necrotic core size or (b)
HsCRP levels. Change in K" showed no correlation with change in HsCRP levels (p = —0.27, P=.2) or

lipid-rich necrotic core size (p = 0.08, P=.7).

appeared red. Black regions indicate
low K" where little contrast agent
uptake occurs.

Effect on Adventitial Vasa Vasorum

After 12 months of intensive lipid ther-
apy, a significant reduction compared
with the baseline value was observed in
adventitial K" (0.067 min~! = 0.028
for 12 months vs 0.085 min~! = 0.037
for baseline, P=.02) (Fig 2). Individ-
ual changes in adventitial K™ from
baseline to 12 months are presented in
Figures 3 and 4. A reduction in adventi-
tial v, was also observed, although this
trend was not significant (5.9% = 2.4
for 12 months vs 6.8% = 3.0 for base-
line, P=.3). A significant Spearman
correlation (p=0.835; 95% CI: 0.681,
0.941; P < .001) was observed between
baseline K" and v . In addition, the
change in v over 12 months was sig-
nificantly correlated with the change in
Krans (p=0.839; 95% CI: 0.644, 0.938;
P < .001).

Relationship between Adventitial Kt
and HsCRP, High-Density Lipoprotein
Cholesterol, and Lipid-Rich Necrotic Core
For the 28 subjects, the effects of inten-
sive lipid therapy induced a significant re-
duction in the mean HsCRP level of 38%
(1.8 mg/L [17.1 nmol/L] to 1.1 mg/L
[10.5 nmol/L], P=.007), and the size of
the lipid-rich necrotic core decreased by
16.7% (20.8 mm? to 17.3 mm?, P=.04).
After 1 year of study therapy, on average,
low-density lipoprotein cholesterol level
was decreased by 38.4% (151 mg/dL
[3.9 mmol/L] to 93 mg/dL [2.4 mmol/L],
P < .001) and high-density lipoprotein
cholesterol level was increased by 15.9%
(42 mg/dL [1.09 mmol/L] to 48 mg/dL
[1.24 mmol/L], P < .001).

There was no significant Spearman
correlation at baseline between adventi-
tial K" and other variables, such as
baseline HsCRP levels (p=—0.16; 95%
Cl: —0.53, 0.22; P=.4), baseline high-
density lipoprotein cholesterol level (p=
—0.16; 95% CI: —0.53, 0.22; P=4),
or baseline lipid-rich necrotic core size
(p=-0.34; 95% CI: —0.68, 0.14; P=.08).
Finally, there was no significant corre-
lation between the change in adventitial
K'as and the change in either HsCRP
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(p=-0.27; 95% CI: —0.59, 0.12; P = .2)
or lipid-rich necrotic core size (p=0.08;
95% CI: —0.53, 0.22; P=.7) (Fig 5).

The results of this study demonstrate
that intensive lipid therapy is associated
with a significant alteration of adventi-
tial K" measured by DCE MR imaging
among patients with at least a 2-mm or
greater wall thickness. The reduction of
adventitial K" suggests that neoves-
sels arising from the adventitia are re-
duced in volume, permeability, or both
by using lipid therapy. In addition, the
reduction of K" appeared to be unre-
lated to attenuation of HsCRP and lipid-
rich necrotic core size, suggesting that
DCE MR imaging may be an alternative
and independent method for assess-
ing therapeutic effects on carotid artery
atherosclerosis.

Investigators in previous DCE MR
imaging studies of atherosclerosis, to
date, have measured v_and K" through
kinetic modeling. The parameter v is
simply interpreted as the fraction of the
total volume that is plasma and has been
shown to correlate with histologically
measured microvessel densities (10).
On the other hand, K" has a more
complex interpretation that depends
on both the microvessel density and
permeability. In a permeability-limited
state, K™ is interpreted as the mathe-
matical product of vessel surface area
and permeability (13). Despite the more
complex interpretation, K" has emerged
as the most common parameter to de-
scribe DCE MR imaging kinetics, and
in atherosclerosis, K" is associated
not only with microvessel density but
also with factors such as macrophage
density that influence microvessel per-
meability (11).

The mechanism for therapeutic ef-
fects on adventitial vasa vasorum is un-
certain. Researchers in other studies
(26-29) documented antiinflammatory
activities of statins in atherosclerosis.
Niacin favorably affects high-density li-
poprotein cholesterol, which is capable
of inhibiting vascular inflammation by
decreasing monocyte and macrophage
adhesion and accumulation (30). Either

alone or combined with niacin, atorvas-
tatin may reduce macrophage content,
leading to reduced neovessel signaling
and regression of vasa vasorum. Wilson
et al (15) found that a statin attenuated
the increase in vasa vasorum density in
coronary arteries of female crossbred
pigs. Alternatively, statins may directly
inhibit vasa vasorum neovasculariza-
tion, reducing macrophage accumula-
tion (31). In inflammation, neovessels
dilate and increase their permeabil-
ity, which allows extravasation of red
blood cells from leaky neovessels, there-
by attracting macrophages to the field
(4,32).

Although we used DCE MR imaging
in this study, the study also conceptually
supports the potential to use contrast-
enhanced US with microbubbles for
monitoring therapeutic response of the
vasa vasorum. Highly echogenic micro-
bubbles passing through the vasa vaso-
rum are readily visualized at contrast-
enhanced US (33,34). Quantitative and
qualitative assessments of US enhance-
ment have been shown to correlate with
histologically quantified microvessel den-
sity (35-37). Thus, contrast-enhanced
US might be capable of showing thera-
peutic changes in the vasa vasorum in
a manner similar to the way DCE MR
imaging shows them. An important ca-
veat, however, is that the DCE MR im-
aging technique used here is sensitive
to changes in both microvessel den-
sity and permeability, whereas US mi-
crobubbles have targeted microvessel
density alone. In addition, the choice
between imaging methods is influenced
by the greater spatial and temporal re-
solution of US versus the greater spa-
tial coverage and flexibility of viewing
planes in MR imaging. In this investi-
gation, the DCE MR imaging approach
was integrated into our current MR
imaging protocol for characterization
of carotid plaque morphologic charac-
teristics and composition, thereby al-
lowing assessment of the vasa vasorum
during the same imaging session. The
additional capability of MR imaging to
be used to monitor changes in plaque
morphologic characteristics and com-
position has previously been validated
(38,39) and shown in clinical studies

to enable detection of lesion changes
(40,41).

In addition to showing reduction of
adventitial K", this study also showed
reduction of lipid-rich necrotic core area,
as observed in other evaluations of lipid-
lowering therapy (40,42). Similar re-
sults have previously been reported for
the entire Carotid Plaque Composition
cohort (43). An interesting question is
whether a temporal relationship exists
between lipid depletion and vasa vaso-
rum regression. Investigators in previous
experimental studies found that vasa
vasorum provides a pathway for not only
lipid deposition (44) but reverse lipid
transport, contributing to active efflux
of plaque lipoproteins from the intima
through the adventitia (4,45). This ac-
tivity is followed by neovessel regression
and return of flow across the vasa vaso-
rum to normal values (14). Although this
study is underpowered to understand
the temporal relationship between lipid
depletion and vasa vasorum regression,
the DCE MR imaging method could be
used in future in vivo studies to address
temporal relationships with multiple
times.

One limitation of this study was that
the current kinetic modeling algorithm
for measuring K" required a mini-
mum of a 2-mm thickness of the carotid
arterial wall, precluding the evaluation
in those arteries with thinner walls.
Thus, our conclusions may not apply to
arteries with minimal lesions. Never-
theless, previous studies have demon-
strated that advanced plaques contain-
ing a lipid-rich necrotic core, which may
be of greatest therapeutic interest, are
associated with thickened walls (>1.5
mm) (46,47). In our study, we observed
a high concordance between lipid-rich
necrotic cores and wall thicknesses in
excess of 2 mm. The major difficulty en-
countered with the use of bright-blood
DCE MR imaging is the signal influence
from the hyperintense image appear-
ance of the lumen adjacent to a small
lesion. Improved techniques, such as
black-blood DCE MR imaging, may help
overcome the limitation of wall thickness.

An additional limitation of this study
is that a number of simplistic assump-
tions in regard to contrast agent kinetics
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were made in this investigation, includ-
ing assumption of a linear relationship
between concentration and signal in-
tensity and the absence of agent efflux
in the Patlak model. From a physiologic
perspective, we did not control for fac-
tors, such as hematocrit level, that can
affect plasma concentration, nor did we
assess the natural variability of perfu-
sion characteristics over short time pe-
riods. Nevertheless, the techniques used
here have been shown to be strongly as-
sociated with plaque pathologic findings
despite these limitations (10-12). The
development of new techniques that ac-
count for these additional factors could
further improve DCE MR imaging as a
tool for monitoring therapeutic effects
in atherosclerosis.

In conclusion, our finding that in-
tensive lipid therapy is associated with
a significant reduction in K" by 12
months, as measured by DCE MR im-
aging, is consistent with the hypothesis
that intensive lipid therapy is associated
with reduction in the extent and perme-
ability of the vasa vasorum. Such reduc-
tion is thought to be part of the antiin-
flammatory mechanism of lipid therapy.
The results of this study suggest that
DCE MR imaging may be a useful imag-
ing method and K" may prove to be
an imaging marker for the assessment
of therapeutic response of the vasa va-
sorum to intensive lipid therapy in pa-
tients with atherosclerotic plaque.
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