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EDITORIAL COMMENT

Risk Factors for Development of
Carotid Plaque Components*
Xue-Qiao Zhao, MD,a Thomas S. Hatsukami, MDb

I

t is well established that rupture or erosion of

developed IPH, calciﬁcation, and LRNC, respectively.

atherosclerotic plaque is the primary cause of

Hypertension, including its severity and treatment,

acute ischemic cardiovascular events, including

was signiﬁcantly associated with new IPH or calciﬁ-

both acute coronary syndrome and stroke or transient

cation, and higher levels of cholesterol were associ-

ischemic attack (1). There are several major determi-

ated with the development of LRNC.

nants of plaque rupture or erosion: increased plaque

These results (7) showed a high frequency of

volume; a large lipid-rich necrotic core (LRNC);

development of IPH, plaque calciﬁcation, and LRNC,

presence of intra-plaque hemorrhage (IPH); dense

and identiﬁed hypertension and higher levels of

clusters

increased

cholesterol as the risk factors for these new compo-

inﬂammatory inﬁltration; and a thin or ruptured cap

nents. The results strongly support the importance

of

intimal

macrophages

and

or an irregular surface (2,3). These determining

of aggressive risk management to prevent athero-

plaque risk features can be directly and noninvasively

sclerotic plaque progression and complication lead-

assessed by using high-resolution carotid magnetic

ing to ischemic events. The following additional

resonance imaging (MRI) (4–6).

topics of discussion hold great interest for future
research.

SEE PAGE 184

In this issue of iJACC, Pletsch-Borba et al. (7)
present the results of a natural history study of
change in 3 carotid plaque components (IPH, calciﬁ-

IPH AND INCREASED ADVENTITIAL
VASA VASORUM NEOVASCULARIZATION
AND PERMEABILITY

cation, and LRNC) over 4 years and identify risk
factors associated with the changes. The authors

Pletsch-Borba et al. (7) discussed the pathophysiology

selected 198 surviving patients who had carotid wall

of IPH and increased blood pressure from the lumen

thickness $2.5 mm (as assessed by using ultrasound)

to the plaque. Long-term hypertension can compro-

and who participated in the population-based Rot-

mise endothelial function and cause arterial wall

terdam Study. Among these patients with a mean age

damage, leading to an increased density of fragile and

of 67.5 years, body mass index of 27.5 kg/m , and total

leaky microvessels in the plaque. Microvessels, or

cholesterol level of 5.52 mmol/l, 69% had hyperten-

neovasculature, can also develop from the adventitial

sion, 18% had diabetes, 22% were current smokers,

vasa vasorum and enter the plaque. Several studies

and 32% were treated with statins. Carotid MRI

have suggested an association between vasa vasorum

scans were performed at baseline and 4 years later to

neovascularization and plaque instability (8–10).

detect changes in plaque. The authors found that,

Dynamic contrast–enhanced (DCE) MRI using gado-

over 4 years, 18.5%, 59.2%, and 39.6% of subjects

linium agents can assess plaque perfusion arising

2

from the adventitial vasa vasorum. Kinetic modeling
of in vivo DCE-MRI can assess elevated vascularity
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(Vp ¼ partial plasma volume) and vascular permeability (K trans ). Kerwin et al. (11) reported a correlation
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of 0.8 between Vp estimated by kinetic modeling of
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Sun et al. (12) showed that IPH (n ¼ 15) was associated
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p < 0.001) than those without (n ¼ 35) from 27

blood pressure can prevent or reduce IPH. If veriﬁed,

symptomatic patients. This association remained

would different levels of blood pressure control

signiﬁcant after adjusting for symptomatic status and

offered by the different drug classes have a varying

degree of stenosis.

impact on the outcome?

IPH is often found to co-exist with plaque rupture

The association of calciﬁcation as assessed by

or ulceration and LRNC (13,14), and prospective nat-

computed tomography (CT) scans and an increased

ural history studies have shown that IPH is a deter-

risk for vascular events is mainly established in the

mining factor for rapid plaque progression (15–17).

coronary arteries. The Rotterdam Study group found

A better understanding of the role that IPH plays in

a

plaque rupture and progression is needed and should

carotid calciﬁcation, detected by CT scans, and the

be the basis for future studies.

presence of cerebral infarcts on brain MRI (odds

CHANGE IN CAROTID PLAQUE COMPONENTS
WITH ANTIATHEROSCLEROSIS THERAPY
In addition to the relationship between higher levels
of cholesterol and an increased likelihood of plaque
containing LRNC seen in MESA (Multi-Ethnic Study
of Atherosclerosis) (18), the current study (7) showed

signiﬁcant

association

between

extracranial

ratio [OR] for presence of cerebral infarcts per SD:
1.61 [1.15 to 2.25]; p < 0.01, adjusted for age, sex,
and ultrasound carotid plaque scores [23]). However,
this association has not been conﬁrmed in carotid
MRI studies.

MISSING LINK BETWEEN CHANGES IN CAROTID
PLAQUE COMPONENTS AND FUTURE EVENTS

that higher levels of cholesterol were also associated
with the development of new LRNC. Previous studies

Previous studies (24–27) showed that plaque charac-

(19,20) have reported that plaque LRNC can be

teristics according to histological studies or MRI scans

reduced with lipid treatment, lowering LDL-C levels

predict

with either statins or statin-based combination ther-

including coronary events. Hellings et al. (24) found

apy. The CPC (Carotid Plaque Composition by MRI

that plaque composition according to histological

during Lipid Lowering) study (20) reported a 6.8%

study in 818 patients who underwent carotid endar-

absolute reduction (52% relative reduction; 14.2% at

terectomy was an independent predictor of future

baseline vs. 7.4% at 3 years; p < 0.001) in LRNC with

cardiovascular events. A meta-analysis of 9 MRI

3

studies in 778 subjects (26) showed that subsequent

years

of

intensive

lipid

therapy

to

lower

future

systemic

cardiovascular

events,

low-density lipoprotein cholesterol (LDL-C) levels

stroke or transient ischemic attack was signiﬁcantly

to <70 mg/dl (on average). CPC also showed that

and independently predicted by the presence of thin

LRNC can be partially depleted after 3 years in some,

or ruptured cap (hazard ratio [HR]: 5.93; 95% conﬁ-

but not all, subjects undergoing intensive lipid ther-

dence interval [CI]: 2.65 to 13.20), IPH (HR: 4.59; 95%

apy, reporting 11% fewer subjects had measurable

CI: 2.91 to 7.24), and LRNC (HR: 3.00; 95% CI: 1.51 to

LRNC (44% at baseline vs. 33% at 3 years; p ¼ 0.03).

5.95). In the AIM-HIGH Carotid MRI Substudy cohort,

The current study found that almost 40% of subjects

we showed that thin or ruptured cap (HR: 4.3;

developed new LRNC over 4 years despite 32%

p ¼ 0.003) and a larger percent LRNC volume (HR:

receiving statin therapy. Therefore, we raise 2

1.57; p ¼ 0.002) were predictive of systemic cardio-

important, yet unanswered, questions: 1) does the

vascular events that include 83% (15 of 18) of coronary

persistent presence of LRNC predict residual cardio-

events in patients with established vascular disease

vascular risk under current intensive lipid therapy?

and a mean LDL-C level of 77 mg/dl and blood

And: 2) can novel LDL-C–lowering therapy with pro-

pressure of 128/75 mm Hg (27). Meanwhile, in this

protein convertase subtilisin/kexin type 9 inhibition

population, no clinical risk factors or lipids showed

further reduce residual LRNC? Similarly, a recent

signiﬁcant prediction of future events. In the current

study (21) that showed proprotein convertase subtil-

study, Pletsch-Borba et al. (7) also reported a high

isin/kexin type 9 inhibition with evolocumab induced

incidence of new IPH, calciﬁcation, and LRNC.

further regression of coronary atheroma volume is

However, it is unknown whether patients with new or

encouraging.

persistent IPH or LRNC are truly at increased risk for

A recently published MRI study (22) reported an
association between IPH and hypertension. The

future ischemic vascular events.
Future

imaging

studies

evaluating

the

link

current study (7) also showed that antihypertension

between natural changes in plaque components or

drug use and severity of hypertension were inde-

changes in response to a given therapy and subse-

pendently associated with new IPH. Indeed, future

quent cardiovascular events are warranted. Imaging

studies are needed to investigate whether lower

with inclusion of clinical risk factors and biomarkers
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would further strengthen these studies. This link will
help address an unmet clinical need in identifying
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