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Introduction

Atherosclerosis and its thrombotic complications
remains the commonest cause of death in western
societies [1]. This pattern of disease is soon to be
replicated worldwide [2], due in part to the obe-
sity epidemic and its related metabolic disorders
[3]. HMG-CoA reductase inhibitors, or statins,
remain the backbone of our treatment for athero-
sclerosis, with major benefits observed across
many clinical trials powered for hard clinical
endpoints and burden of disease [4, 5]. Statins
were introduced into clinical practice in the
1980s, and since then, a number of experimental
anti-atherosclerotic compounds have reached
phase 1-4 clinical trial evaluation in humans. Most,
if not all of these compounds have either failed
due to futility or toxicity. Hence, there remains a
large unmet clinical need for the development of
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novel anti-atherosclerotic compounds to combat
the residual risk of cardiovascular events
observed despite statin therapy. In addition,
current risk prediction algorithms are somewhat
limited in their ability to deal with fluctuating, or
modifiable risk factors, as well as novel and
emerging biomarkers of risk. As such, consider-
able attention has focused on direct atherosclerosis
imaging, as a complementary means of evaluat-
ing cardiovascular risk. This rationale stems from
necropsy studies and a variety of vascular imag-
ing modalities that show a strong, consistent
association between a greater burden of athero-
sclerosis in those individuals succumbing to a
cardiovascular event [6—11].

The last decade has been witness to the perti-
nent role of atherosclerosis imaging for provid-
ing mechanistic insights into the natural history
of the disease process, as well as the utility of
serial plaque quantification for measuring the
efficacy of novel anti-atherosclerotic compounds.
Intravascular ultrasound (IVUS), in particular, has
evolved as an imaging modality that generates
high-resolution, precise volumetric quantifica-
tion of epicardial coronary atherosclerosis, the
vascular bed responsible for a majority of the
morbidity and mortality arising from atheroscle-
rosis. By measuring the change in coronary
atheroma volume over time, IVUS can evaluate
the potential anti-atherosclerotic efficacy of
interventions on plaque development. Clinical
trials of this nature have served as gatekeepers,
with the findings of plaque progression (or lack
of regression) providing important information

S.J. Nicholls and T. Crowe (eds.), Imaging Coronary Atherosclerosis, Contemporary Cardiology, 67
DOI 10.1007/978-1-4939-0572-0_5, © Springer Science+Business Media New York 2014


mailto:rishi_puri@hotmail.com
mailto:purir@ccf.org
mailto:stephen.nicholls@sahmri.com

68

regarding mechanistic efficacy of the studied
compound. Lack of efficacy observed in such
imaging trials, allows the drug-developer to halt
the development program of the studied com-
pound, not only saving millions of dollars, but
most importantly, preventing the public from
being exposed to a futile or unsafe compound. On
the other hand, proof of a compounds mechanis-
tic efficacy and safety provides a supportive sig-
nal to further invest in a large-scale clinical trial
to test the clinical efficacy of a compound. With
ongoing technological advancements in plaque
imaging, there remains significant interest in the
role that IVUS and affiliated intravascular imag-
ing technologies will play in drug development
programs, as well as improving our understand-
ing of the serial behavior of potential high-risk,
unstable plaques in at-risk patients.

Angiographic Plaque Imaging

For over 50 years, angiography has been the
preferred imaging modality for the detection of
atherosclerosis within the coronary vasculature.
It remains fundamental for clinical decision
making and guiding PCI within patients with
symptomatic coronary artery disease. Coronary
angiography has provided us with important
insights into the temporal behavior of complex
coronary lesions identified during acute infarct
angioplasty [12]. Earlier studies also showed that
the number of diseased vessels on angiography
predicted clinical outcome [13]. However, the
angiographic severity of lesions detected via
coronary angiography has not been shown to be
an accurate predictor of future ischemic coronary
events [14, 15]. Angiography is simply a
2-dimensional (2D) lumen-based imaging modal-
ity that fails to directly image plaque. Given that
angiography detects luminal encroachment of
plaque (percent stenosis) expressed in proportion
to the lumen diameter of an apparently normal
reference segment (which itself may contain a
substantial amount of plaque), angiography typi-
cally underestimates the true amount of plaque
present [16]. Although angiography has been
utilized in clinical trials to evaluate the effects
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of medical therapies, its indirect approach to
atherosclerosis imaging has limited the justifica-
tion to use this modality for quantifying changes
in disease burden [17].

Intravascular Ultrasound

IVUS is a high-frequency imaging modality that
provides high-resolution, cross-sectional, topo-
graphic images of the vascular lumen and each
component of the vessel wall. IVUS has provided
a unique insight into the burden and distribution of
atherosclerotic plaque, allowing for a compre-
hensive characterization of the vessel wall, dem-
onstrating the ubiquitous presence of plaque in
regions that appear normal on angiography [18]
(Fig. 5.1). This phenomenon has been explained
by the ability of the artery (as determined by
IVUS) to adapt to plaque accumulation within
the vessel wall in order to preserve lumen
encroachment—which is termed “adaptive” or
“positive” remodeling [19]. Originally described
by Glagov and colleagues following analysis of
arterial necropsy specimens [20], IVUS has accu-
rately characterized patterns of coronary arterial
remodeling in vivo. Luminal dimensions are typ-
ically preserved via the expansion of the external
elastic membrane (EEM) in response to atheroma
formation within the arterial wall. As a result, a
significant amount of atheroma can accumulate
within the arterial wall without angiographic evi-
dence of a significant stenosis. Angiographic-
detected stenoses (lumen constriction) typically
appear once a substantial amount of atheroma has
accumulated within the arterial wall. In addition,
the EEM can constrict in response to atheroma
accumulation, further compromising luminal
dimensions. This response has been termed nega-
tive (or “constrictive”) remodeling. Indeed, the
dynamic nature of the arterial wall in response to
atheroma burden may play an important role in
the propensity of particular plaque segments to
undergo biological transformations that result in a
corresponding clinical syndrome [21].

The high-resolution images attained from
IVUS allow for the accurate identification of the
lumen—plaque (or lumen—intima) interface, as
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Fig.5.1 IVUS-derived
plaque evident in
angiographically normal
segments. A coronary
angiogram showing
minimal atherosclerotic
disease within the mid
portion of the left
circumflex artery. Inset
shows the corresponding
IVUS cross-sectional view
highlighting significant
plaque burden (Adapted
from Puri R, Tuzcua EM,
Nissen SE, et al. Exploring
coronary atherosclerosis
with intravascular imaging.
Int J Cardiol. 2013. doi.
org/10.1016/j.
ijcard.2013.03.024. With
permission from Elsevier)

Fig. 5.2 Generation of images by intravascular ultra-
sound. Pullback of the ultrasound transducer through the
artery (a) generates a series of tomographic images (b).
Images separated by 1-mm intervals are then used for
measurements (¢) (Adapted from Nicholls SJ, Sipahi I,

well as the EEM. Allowing for the negligible
thickness of the media, guidelines issued by the
American College of Cardiology and European
Society of Cardiology have endorsed the calcula-
tion of the areca between the EEM and lumen

Schoenhagen P, et al. Application of intravascular ultra-
sound in anti-atherosclerotic drug development. Nat Rev
Drug Discov. 2006;5(6):485-92. With permission from
Nature Publishing Group)

edges as being the area occupied by plaque [22].
A constant automated transducer pull-back
speed permits the volumetric quantification of
atheroma burden with IVUS (Figs. 5.2 and 5.3).
The ability to image anatomically matched arterial


http://doi.org/10.1016/j.ijcard.2013.03.024
http://doi.org/10.1016/j.ijcard.2013.03.024
http://doi.org/10.1016/j.ijcard.2013.03.024

70

R. Puri and S.J. Nicholls

Fig.5.3 Images from intravascular ultrasound. (a) Repre-
sentative example of a cross-sectional tomographic image
of a coronary artery acquired by intravascular ultrasound.
(b) The panel illustrates the standard measurements that
are made by manual planimetry of the leading edges of
the external elastic membrane (outer circle) and lumen

segments at different time points also provided
the opportunity to accurately measure the effect
of various therapeutic strategies on disease pro-
gression (Fig. 5.4).

A number of experimental models and serial
imaging studies in humans had previously sug-
gested that atherosclerosis is a potentially revers-
ible disease. In turn, numerous studies have been
designed to assess the impact of favorably modi-
fying one or more of the known traditional car-
diovascular risk factors and the resulting influence
upon the natural history of coronary atheroscle-
rotic plaque. As a result, several drug classes
have been tested in large-scale trials to determine
whether they can halt the progression of athero-
sclerosis. A number of these trials have employed
IVUS to detect changes in atheroma burden.

Low-Density Lipoprotein Cholesterol
and Atherosclerosis Progression

Lowering serum low-density lipoprotein choles-
terol (LDL-C) levels with statins has known anti-
atherosclerotic effects, demonstrated in large-scale

(inner circle). The area between these leading edges
represents the plaque area (Adapted from Nicholls SJ,
Sipahi I, Schoenhagen P, et al. Application of intravascular
ultrasound in anti-atherosclerotic drug development. Nat
Rev Drug Discov. 2006;5(6):485-92. With permission
from Nature Publishing Group)

atherosclerosis imaging trials [5, 23-25], which
support the consistent findings of reductions in
hard clinical endpoints in both primary [26-28]
and secondary disease prevention [29-33]. Most
notably, these clinical benefits appear most pro-
nounced in the setting of intensive LDL-C lower-
ing [4]. However the precise mechanism(s) as to
how statin therapy contributes to these benefits
remains unclear. The degree of atheroma regres-
sion appears more modest than the magnitude of
clinical benefit accrued from statins, as well as
the residual burden of disease that persists during
therapy. Prior angiographic studies had not
shown consistent atherosclerosis regression with
statin monotherapy to corroborate the profound
impact that statin therapy had shown upon clini-
cal event rates. With the known limitations of
angiography in mind, trials were designed to test
the hypothesis that intensive LDL-C lowering
with statins would significantly alter the rate of
coronary atheroma progression evaluated with
serial IVUS.

A consistent observation in IVUS trials is
the linear relationship between mean LDL-C lev-
els achieved on statin therapy and the median
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Fig. 5.4 Plaque progression and regression assessed by
intravascular ultrasound. (a) Illustrative example of
plaque progression at a matched site from IVUS studies
performed in the same arterial segment a baseline (left
panels) and follow-up (right panels).(b) Illustrative
example of plaque regression at a matched site from
IVUS studies performed in the same arterial segment at

progression—regression rate of atherosclerosis
(Fig. 5.5). In the Reversing Atherosclerosis with
Aggressive Lipid Lowering (REVERSAL) trial,
18 months of moderate LDL-C reduction (pravas-
tatin 40 mg) resulting in a mean on-treatment
LDL-C level of 110 mg/dL associated with
significant disease progression [23]. Intensive

baseline (left panels) and follow-up (right panels). The
shading in the lower panels highlights the plaque area at
each time point (Adapted from Nicholls SJ, Sipahi I,
Schoenhagen P, et al. Application of intravascular ultra-
sound in anti-atherosclerotic drug development. Nat Rev
Drug Discov. 2006;5(6):485-92. With permission from
Nature Publishing Group)

LDL-C lowering (atorvastatin 80 mg) on the
other hand, resulted in a mean on-treatment
LDL-C level of 79 mg/dL, halting the natural
progression of disease. Interestingly, despite
there being a direct relationship between LDL-C
lowering and slowing of disease progression,
C-reactive protein lowering, a marker of systemic
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Fig.5.4 (continued)

inflammation, also independently associated with
less disease progression [34]. This suggests that
non-cholesterol mediated, or pleiotropic effects
of statins, are likely to be important in mediating
the progression of disease.

The ASTEROID (A study to evaluate the
effect of rosuvastatin on IVUS-derived coronary
atheroma burden) trial was designed to test the
hypothesis that lowering LDL-C levels to below
those achieved in REVERSAL might regress
plaque. Unequivocal LDL-C reductions to a
mean on-treatment level of 61 mg/dL were

achieved with rosuvastatin 40 mg daily for 24
months. As predicted by the regression line,
this degree of LDL-C lowering associated with
significant plaque regression [24]. On the basis of
these findings, SATURN (Study of Coronary
Atheroma by Intravascular Ultrasound: Effect of
Rosuvastatin Versus Atorvastatin) was performed
to directly compare the anti-atherosclerotic
efficacy of rosuvastatin 40 mg daily and atorvas-
tatin 80 mg daily for 24 months [5]. Marked
regression of coronary atherosclerosis was evi-
dent in each treatment group, following the
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Fig.5.5 The relationship between plaque regression and
achieved LDL-C levels in clinical trials. Line of regres-
sion highlighting the relationship between on-treatment
mean LDL-C vs. median change in atheroma volume
(Adapted from Nicholls SJ, Ballantyne CM, Barter PJ,

achievement of very low on-treatment LDL-C
levels (62 mg/dL vs. 70 mg/dL) in the rosuvas-
tatin and atorvastatin arms, respectively, with
two-thirds of the SATURN population demon-
strating disease regression. These findings high-
light the benefit of high-intensity statin therapy in
patients with coronary artery disease, particularly
when achieved LDL-C levels are consistent with
or lower than those recommended by current
treatment guidelines [35, 36]. It remains to be
seen however, whether a ceiling effect of the
magnitude of plaque regression exists, or whether
further degrees of regression are achievable when
on-treatment LDL-C levels are driven below
those achieved in SATURN. Clinical trials are
currently underway to test this hypothesis. The
finding that a proportion of individuals continue
to demonstrate disease progression despite sig-
nificant LDL-C lowering with high-intensity
statin therapy also highlights the multifactorial
nature of the disease process [37], the need to
globally intensify risk-factor control in these
patients, as well as the importance of identify-
ing novel anti-atherosclerotic strategies to tackle
the residual risk and disease burden following
statin therapy.

et al. Effect of Two Intensive Statin Regimens on
Progression of Coronary Disease. N Eng J Med
2011;365:2078-87. With permission from Massachusetts
Medical Society)

High-Density Lipoprotein
Cholesterol and Atherosclerosis
Progression

A number of animal and population-based studies
have demonstrated the protective effects of high-
density lipoprotein cholesterol (HDL-C) [38, 39].
The inverse relationship between HDL-C levels
and cardiovascular risk holds true even in the set-
ting of very low LDL-C [40]. A meta-analysis of
several trials that employed serial IVUS mea-
sures of coronary atheroma volume identified
that plaque regression was most likely to occur in
patients who, despite achieve LDL-C levels
below 87.5 mg/dL, also experienced an increase
in HDL-C from baseline of at least 7.5 % [41].
As a result, considerable attention has focused
upon developing biological strategies of elevating
HDL-C levels and/or promoting HDL particle
functionality.

IVUS-based trials, that have tested the anti-
atherosclerotic efficacy of direct HDL infusions
in humans, have collectively demonstrated safety
and potential benefit. Rapid and large amounts of
coronary atheroma regression was demonstrated
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in relatively few patients afflicted with acute
coronary syndrome who underwent weekly
intravenous infusions of reconstituted HDL, vs.
placebo infusion, over a 5-week period [42].
Further analysis revealed that this degree of plaque
regression occurred in concert with preservation of
lumen size [43], indicative of reverse remodeling
of the coronary arterial wall, most likely a result of
rapid plaque delipidation. Similar, beneficial
effects have been observed following infusion of
apoA-1 particles or autologous, delipidated HDL
particles [44, 45]. Whether these favorable effects
upon the arterial wall will translate into clinical
benefit, remains to be investigated.

The ability to substantially raise HDL-C levels
stimulated enthusiasm for the development of
cholesteryl ester transfer protein (CETP) inhibi-
tors. This enzyme is responsible for the transfer
of esterified cholesterol from HDL-C to athero-
genic LDL-C particles in exchange for triglycer-
ide [46]. This pathway seemed an attractive
target, as inhibition of CETP would not only
result in preventing the cholesterol enrichment
of atherogenic lipoproteins, but also substantially
raise HDL-C levels, with concomitant modest
LDL-C lowering. To add support to this hypoth-
esis, lower cardiovascular event rates have been
observed in populations with a genetic predispo-
sition for CETP inhibition, and elevated CETP
levels associated with increasing risk of cardio-
vascular events [47, 48]. However, the first tested
CETP inhibitor, torcetrapib, failed to alter the
natural progression of coronary atherosclerosis
[49], and a parallel run large-scale phase 4 clini-
cal trial was prematurely terminated due to
molecule-specific toxicity related to torcetrapib’s
activation of the renin—angiotensin—aldosterone
system [50]. A post hoc analysis however, revealed
that those with the highest achieved HDL-C levels
demonstrated atheroma regression, indicative of
intact HDL functionality in mobilizing lipid from
the coronary arterial wall in such patients [51].
Next-generation CETP inhibitors are subsequently
under clinical investigation.

Another therapeutic approach involving HDL is
to promote the generation of functional HDL par-
ticles in vivo, via the up-regulation of endoge-
nous hepatic ApoA-1 synthesis. The theory being
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that this would result in the generation of nascent
HDL particles that would have the ability to under-
take the variety of known anti-atherosclerotic
functions of HDL, such as reverse cholesterol
transport and anti-inflammatory effects. The
implications of an oral ApoA-1 inducer (RVX-
208) upon the progression of coronary plaque is
currently being tested in a serial IVUS study
called ASSURE (ApoA-1 Synthesis Stimulation
and Intravascular Ultrasound for Coronary
Atheroma Regression Evaluation) [52].

Blood Pressure

Little is known about the direct anti-atherosclerotic
effects of systemic blood pressure lowering, with
a study employing serial carotid intima-medial
thickening measurements demonstrating attenu-
ation of disease progression following com-
mencement of antihypertensive therapy [53].
Contrary to current national blood pressure
lowering guidelines, it remains unclear as to what
the optimal or target blood pressure should be in
patients afflicted with coronary artery disease.
The Comparison of Amlodipine vs. Enalapril to
Limit Occurrences of Thrombosis (CAMELQOT)
trial was designed to assess the effect of blood
pressure reduction with amlodipine or enalapril
(compared to placebo) in patients with coronary
artery disease [54]. An embedded IVUS sub-
study within CAMELOT demonstrated that
blood pressure lowering with amlodipine of the
magnitude of 5/3 mmHg corroborated a halting
of atheroma progression, compared with the pla-
cebo group whose atheroma burden progressed
significantly. A further analyses revealed a direct
relationship between the degree of systolic blood
pressure lowering and plaque volume, with a
trend towards plaque regression in patients with a
systolic BP<120 mmHg [55]. A post hoc analysis
examined the effect of intensive control of both
LDL and blood pressure upon atheroma progres-
sion in coronary artery disease patients. Patients
with on-treatment serum LDL levels <70 mg/dL
and systolic blood pressure <120 mmHg experi-
enced less disease progression and more frequent
atheroma regression [56]. These findings suggest
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the need for such patients to have their blood
pressure lowered to levels below those endorsed
by current national blood pressure guidelines.
As such, there is currently no consensus of the
optimal blood pressure target in patients with
demonstrable coronary disease, particularly when
guidelines currently recommend a treatment goal
of systolic blood pressure of <140 mmHg.

Diabetes and Obesity

As the incidence of diabetes mellitus continues to
rise, parallel increases in the rates of diabetic ath-
erosclerotic vascular disease are projected to
impart major health and socioeconomic chal-
lenges for authorities worldwide. Atherosclerosis
is the predominant disease phenotype in diabetic
individuals, particularly within the coronary,
cerebrovascular, and peripheral arterial territo-
ries. Diabetic individuals display progressive
coronary atherosclerosis, despite LDL-C lower-
ing [57], emphasizing the importance of evaluat-
ing novel therapies that reduce the burden and
progression of diabetic atherosclerosis. Whilst
controversy exists regarding the safety of rosigli-
tazone [58], IVUS has yielded important mecha-
nistic insights into the anti-atherogenic effects of
the PPAR-y agonist pioglitazone in diabetic
patients  with  coronary artery disease.
PERISCOPE (Pioglitazone Effect on Regression
of  Intravascular  Sonographic =~ Coronary
Obstruction Prospective Evaluation) was a trial
that compared the effects of pioglitazone to the
insulin secretagogue, glimepiride, upon athero-
sclerosis progression. The pioglitazone group
demonstrated a significantly lower rate of plaque
progression when compared to the glimepiride
group, who demonstrated plaque progression.
These results were supported by the clinical
results from the PROACTIVE (Prospective
Pioglitazone Clinical Trial In Macrovascular
Events), a trial that demonstrated a reduction in
hard clinical endpoints with pioglitazone [59].
The increasing prevalence of abdominal
obesity is a major factor for the worldwide
increase in metabolic syndrome, insulin resis-
tance, and atherosclerotic cardiovascular disease.

The Strategy To Reduce Atherosclerosis
Development Involving Administration of
Rimonabont—the Intravascular Ultrasound Study
(STRADIVARIUS) tested the hypothesis that a
medication that selectively antagonized the can-
nabinoid type 1 receptor over an 18-month period
might reduce the progression of coronary artery
disease in abdominally obese individuals with
metabolic syndrome [60]. Rimonabant, however,
had no significant effect upon the primary end-
point of change in percent atheroma volume
(PAV) from baseline, but had a significant effect
on the secondary endpoint, reduction of total ath-
eroma volume (TAV). More frequent psychiatric
adverse effects were also reported in the rimona-
bont group, despite more favorable changes in
HDL-C and triglyceride levels, weight loss, and
waist circumference reduction compared to the
placebo group. Nevertheless, the lack of an overt
anti-atherosclerotic effect from rimonabont led to
cessation of development of this compound.

Non-Lipid Plaque-Modifying
Therapies

IVUS has also been instrumental in outlining the
effects of non-lipid modifying compounds on
plaque. Inhibition of acyl-coenzyme A:cholesterol
acyltransferase (ACAT) promised to be an excit-
ing therapeutic target. The lack of a direct effect
on serum LDL-C or HDL-C concentrations made
the dose-finding exercise of the potential anti-
atherosclerotic effects of this class of compound
difficult. Imaging endpoints were thus considered
the most appropriate technique for demonstration
of mechanistic efficacy. Despite demonstrative
anti-atherosclerotic properties of ACAT inhibi-
tors in animal models of disease, the failure to
observe disease regression on serial IVUS with
ACAT inhibition in two separate clinical trials
resulted in halting the development programs of
ACAT inhibitors [61, 62].

The mechanical strain of the arterial wall,
coupled with local tissue deformation can be
determined by the cross-correlation analysis of
the radiofrequency IVUS signal, to derive local-
ized strain maps of the arterial wall. The imputed
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degree of radial strain can be incorporated within
the plaque area to determine the local elastography
of the segment, or upon the luminal boundary
(to a depth of 450 pm) to determine the local
palpography of the respective plaque segment.
As such, these elastic properties of the coronary
arterial wall have been proposed to predict plaque
vulnerability [63]. Subsequently, the Integrated
Biomarker and Imaging (IBIS-2) trial was
designed to assess for changes in plaque deform-
ability (utilizing IVUS-palpography) in response
to the lipoprotein-associated phospholipase A2
inhibitor, darapladib [64]. This was the first drug-
intervention trial designed to explore if a thera-
peutic intervention could modulate plaque
composition, and subsequent plaque phenotype.
Although it was postulated that darapladib would
lower the deformability/strain of coronary ath-
erosclerotic plaques, the results of this trial failed
to show any overall significant effect of darap-
ladib upon plaque mechanical strain, despite
changes in atheroma composition, which was an
exploratory endpoint. The total atheroma bur-
den in the treatment group also remained
unchanged, questioning the anti-atherosclerotic
potential of this compound, although further
clinical trials are currently underway to assess
the anti-atherosclerotic and clinical efficacy of
this compound.

Cardiac Allograft Vasculopathy

IVUS has also yielded significant insights into
the pathogenesis and modulation of cardiac
allograft vasculopathy, the single greatest deter-
minant of allograft failure and overall mortality
within this patient group. Moreover, serial IVUS
imaging has been employed to assess the pro-
gression of cardiac allograft vasculopathy [65].
Everolimus-based immunosuppressive therapy
following cardiac transplantation was demon-
strated to show a beneficial impact upon the rate
of progression of intimal thickening within car-
diac allograft recipients [66]. Moreover, this was
associated with fewer episodes of rejection and
the need for repeat transplantation when com-
pared to a standard azathioprine-based immuno-
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suppressive regimen. A separate study identified
the rate of intimal thickening seen on IVUS at the
1-year mark following cardiac transplantation to
predict 5-year mortality [67].

Clinical Implications of the Burden
and Plaque Progression-Regression
on IVUS

Although IVUS has been instrumental in enabling
us to determine the efficacy of anti-atherosclerotic
strategies, the clinical relevance of such an
approach lies in the ability to demonstrate an
association between the burden of atherosclerotic
disease, its rate of progression and subsequent
clinical outcomes. A number of studies employ-
ing IVUS, that have either measured plaque bur-
den of defined lesions in a non-volumetric fashion
[68, 69], or via a volumetric analysis of whole
vessel segments [10, 70], have described an asso-
ciation between IVUS-derived plaque burden and
incident clinical events, driven largely by an
increased risk of coronary revascularization. In
addition, a pooled analysis revealed that the rate
of progression of IVUS-derived plaque volume
independently associated with the composite risk
of death, myocardial infarction, and coronary
revascularization [10]. Further studies, with
larger numbers of enrolled patients, with longer
duration of clinical follow-up, will be required to
confirm these associations in a single trial.

Conclusions

IVUS-derived plaque burden and its rate of
change are well-established imaging biomarkers
used in clinical trials to test the efficacy of
currently utilized and experimental anti-
atherosclerotic therapies. Indeed, changes in
plaque volume have been largely congruent to the
clinical findings of experimental agents, such that
IVUS-based trial results have been fundamental
in determining the fate of these compounds.
Serial coronary imaging with IVUS however, has
affirmed the importance of stringent and global
atherosclerosis risk-factor modification in order
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to attenuate, and even regress the disease process.
Further refinements in ultrasound technologies
will enable enhanced plaque characterization,
which will continue to promote the role of direct
coronary imaging for not only future drug devel-
opment programs, but also to better risk-stratify
individuals. Whether this information will be
strong enough to alter clinical practice remains
to be seen.
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