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Abstract

Coronary artery disease remains a leading cause of death in the Western world. It is well known that the
reduction of cholesterol levels by statin therapy is associated with significant decreases in plaque burden. However,
a critical question has been the ability of statin therapy to lead to lipid egress from plaque and subsequent plaque
stabilization. This is crucial since lipid-rich coronary plaques are at increased risk for rupture and thrombus leading
to events. We recently addressed this issue by conducting the YELLOW (reduction in yellow plaque by aggressive
lipid-lowering therapy) trial. We reported that short-term intensive statin therapy reduces lipid content as assessed
by near infrared spectroscopy (NIRS) in obstructive lesions. Histopathological studies suggest that the majority of
acute coronary events are related to occlusive thrombus formation after disruption of a thin-cap fibroatheroma
(TCFA) overlying a large necrotic lipid core. Optical coherence tomography (OCT) is an imaging modality with
powerful resolution to allow for plaque characterization including the identification of TCFA. Yet, it still remains
unknown as to the efficacy of high dose statin therapy for enhancing anatomic features of plaque stabilization. The
YELLOW II Trial was therefore designed with the goal of combining the utilization of OCT and NIRS in the coronary
arteries to extend our initial findings as well as link them to changes in plaque morphology with alterations in
lipoprotein biology, HDL function and macrophage behaviour.
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Introduction
Atherosclerosis is the number one cause of death in the Western

world. It results from the interaction between modified lipoproteins
and cells such as macrophages, dendritic cells (DCs), T cells, and other
cellular elements present in the arterial wall. This inflammatory
process leads to the development of complex lesions, or plaques, that
protrude into the arterial lumen. Ultimately, plaque rupture and
thrombosis can occur leading to the clinical complications of
myocardial infarction or stroke [1,2]. Due to the prevalence of
coronary artery disease (CAD), the regression of atherosclerosis has
been a desirable clinical goal

Regression of Atherosclerosis-Preclinical Studies
The idea that human atheromata can regress at all is something that

met considerable resistance over the years. The reason for this may
have been that advanced atherosclerotic lesions in humans and in
animal models contain calcification and fibrosis, characteristics that
seem irreversible [3-5]. The first interventional study demonstrating
substantial shrinkage of atherosclerotic lesions was performed in
cholesterol-fed rabbits over 50 years ago [6]. Animals received
intravenous bolus injections of phosphatidylcholine (PC), an agent
that promotes cholesterol efflux from cells. After less than a week and

a half of treatment, the remaining plaques were fewer and much
smaller than initially with approximately 75% of the arterial
cholesterol stores being removed. Using a variety of atherosclerotic
animal models, other groups showed similar arterial benefits from the
injection of dispersed phospholipids [7,8].

Armstrong and colleagues found that advanced arterial lesions in
cholesterol-fed rhesus monkeys underwent shrinkage and remodeling
during long-term follow-up after a switch to low-fat or linoleate-rich
diets [9,10]. The subsequent regression period (lasted~40 months)
resulted in the loss of approximately two-thirds of coronary artery
cholesterol, substantial reduction in necrosis, improvement in
extracellular lipid levels and fibrosis, as well as lesion shrinkage.
Success in atherosclerosis regression was again achieved in rabbits in
1976, following reversion to a normal-chow diet in combination with
the administration of hypolipidemic agents [11]. Decades later, a series
of studies achieved shrinkage of atheromata in rabbits via injections of
HDL or HDL-like apolipoprotein A-I (apoA-I) and PC disks [12].
Using a variety of mouse models of atherosclerosis, we and others
extended these studies ultimately demonstrating that atherosclerosis
regression is a coordinated process that involves lipid efflux factors
such as HDL resulting in the emigration of foam cells out of plaques
via chemokine receptor 7 (CCR7), a factor required for dendritic cell
migration [13-25] (Figure 1). Interestingly, regardless of the animal
model, one common theme seemed to be that regression was
characterized by a decrease in plaque lipid content.
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Figure 1: Regression of Atherosclerosis. 1) Oxidation 2) Diapedesis 3) Foam Cell formation 4) RCT 5-6) Macrophage Egress from Lesion to
Lumen and Adventitia, respectively. HDL can inhibit processes 1-3 (red arrows) and promote 4-6 (green arrows). Macrophage egress can
occur through the up-regulation of CCR7 via activation of the SREBP (sterol-response element binding protein) pathway. Figure adapted
from Feig JE et al. Macrophages, dendritic cells, and regression of atherosclerosis. Front Physiol. 2012 Jul 18; 3:286.

Regression of Atherosclerosis-Clinical Studies
Although these published findings are exciting, the question

remained as to whether regression can be detected in humans. It is
well known that the reduction of cholesterol levels by statin therapy is
associated with significant decreases in plaque burden. REVERSAL
[26], ASTEROID [27], and more recently the SATURN [28] trial
showed that in patients with CAD, lipid lowering with atorvastatin or
rosuvastatin respectively reduced progression of coronary
atherosclerosis, even causing plaque regression of some lesions.

Clinical events caused by CAD are related to plaque instability due
to lipid content and activity within the plaque. With intravascular
ultrasound (IVUS), it has been shown that long-term administration
of high-dose statins can reduce atheroma volume by 0.99% to 1.2% in
non-obstructive coronary lesions leading to a reduction in
cardiovascular mortality [29]. Although reduction in atheroma volume
has been most commonly reported, plaque composition likely plays a
crucial role in the progression to the acute coronary syndrome [30,31].
In particular, lipid-rich fibroatheromas are at increased risk for plaque
rupture and thrombosis [32,33]. Of all plaque components, the lipid
core exhibits the highest thrombogenic activity [34]. Since the late
stages of atherosclerosis promote thinning of the fibrous cap, early

detection of high risk plaque eludes cardiac catheterization which
provides only a two-dimensional image of the vessel lumen. Therefore,
a significant coronary stenosis detected by angiography should be
considered a marker for more diffuse, rather than isolated,
atherosclerotic disease.

YELLOW Trial
Although high frequency IVUS provides some information about

lesion calcification and degree of luminal obstruction, lipid content is
not measured by conventional IVUS devices. As such, in studies aimed
at detecting the effect of aggressive lipid-lowering using invasive
coronary imaging such as in both REVERSAL [26] and SATURN [28],
regression of atherosclerosis has been measured only by decrease in
plaque area along the entire length of coronary artery. Though this
provides a surrogate marker of atherosclerotic disease burden as a
whole, it does not provide insight into stabilization of potentially high
risk plaques, which is much more relevant to preventing acute
coronary events. Despite these observations, the extent to which
statins may modulate lipid content in severely obstructive coronary
lesions remains unknown. Furthermore, possible changes in flow
physiology have never been studied. Accordingly, we sought to
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determine the impact of intensive statin therapy on the lipid content
and flow physiology in patients with severely obstructive lesions, using
diffuse reflectance near-infrared spectroscopy (NIRS) [32] and
fractional flow reserve (FFR). A critical unanswered question has been
the ability of statin therapy to lead to acute lipid removal from plaque
and subsequent plaque stabilization. This represents a fundamental
issue in cardiology because lipid-rich coronary plaques are at increased
risk for rupture and thrombosis, leading to clinical events. Although
high-dose statin therapy significantly reduces clinical events, whether
or not these benefits are attributable to reductions in plaque lipid
content, and the time needed to achieve these effects, remained to be
elucidated. We addressed these issues in the prospective, randomized,
YELLOW (Reduction in Yellow Plaque by Intensive Lipid Lowering
Therapy) trial [35].

The application of NIRS to identify lipid deposition within
coronary arteries has been validated ex vivo and in vivo [32-34,36-37].
Importantly, technological advances have now made it possible to
combine IVUS and NIRS technology on a single instrument. This
imaging catheter was recently used to successfully undertake the
YELLOW study [35]. In brief, we enrolled a total of 87 patients with
obstructive 2-3 vessel CAD.  Following percutaneous coronary
intervention (PCI) of 1-2 vessels, the diseased segment of the final
diseased vessel was interrogated with FFR, IVUS and NIRS to assess
plaque lipid content expressed as lipid core burden index (LCBI).
Patients were then randomized to aggressive (rosuvastatin 40 mg
daily) or standard of care lipid lowering therapy. All measurements,
including FFR, IVUS and NIRS, were repeated at follow-up
angiography at the time of staged PCI to the final diseased vessel. This
carefully conducted study revealed that over a mean period of 7 weeks,
median change in LCBI was significantly greater in the aggressive vs.
standard group at both the lesion (-22.5 [-59.2, -3.5] vs. +8.0 [-7.7,
22.1]; p=0.005) and 4 mm max segment (-149.1 [-210.9, -42.9] vs. +2.4
[-36.1, 44.7]; p<0.001). There were no significant changes between
groups in FFR or IVUS parameters from baseline to follow-up. The
association between aggressive statin therapy and change in LCBI
persisted after multivariable adjustment and remained consistent
across numerous subgroups. These results enabled us to conclude that
high-dose statin therapy significantly reduces lipid core content in
hemodynamically significant coronary lesions within a short time. The
findings also suggest that evaluating the response of lipid-rich plaques
to therapy may provide a new risk-stratifying parameter in patients
with obstructive CAD. In addition, further analysis has revealed that
regression was significantly attenuated in the diabetic subgroup (Feig
JE et al., accepted for presentation at Annual Society of Coronary
Angiography and Intervention Meeting 2015).

YELLOW II Trial
Newer imaging modalities allow the opportunity to interrogate the

high risk plaque in greater detail. Optical coherence tomography
(OCT) provides high-resolution (~10 microns) cross-sectional images
of plaque microarchitecture, with penetration depths approaching
2000 microns [38]. Second-generation frequency domain (FD) OCT
has been used to image microstructural features including of the artery
wall and correlates closely to histopathology. The detected
microstructural features include identification of fibrous plaques, and
lipid-rich plaques with high degrees of sensitivity and specificity
[39-40]. Of critical importance, OCT’s superior image resolution
allows the accurate detection of thin cap fibroatheroma [30], which
has been associated with cardiovascular outcomes [31]. However, it is

important to note that OCT was not performed during the YELLOW
study, therefore, only a very limited assessment of the effect of high-
dose statin therapy on measures of plaque stabilization could be made.

The fundamental relationships between changes in plaque biology
as defined by OCT and NIRS, have not been studied in the context of
the biochemical effects of high dose statin therapy and therefore, we
designed the YELLOW II trial. The effects of high dose statin therapy
that remain un-investigated, but of critical importance, in plaque
biology include changes in low density lipoprotein (LDL) and high
density lipoprotein (HDL) cholesterol, apolipoprotein A1 (Apo-AI),
and the qualitative effect of changes in the functionality of HDL and
Apo-AI on macrophage activation, migration and inflammatory
status. Therefore, we propose to image non-culprit coronary lesions
with OCT and NIRS in patients with 2-3 diseased coronary vessels
deemed to warrant intervention on clinical grounds. At the time of
intervention, patients undergo PCI of the culprit lesion, and NIRS of
the non-culprit lesion. If there is high baseline lipid content of the
non-culprit lesion (max 4 mm LCBI>150), patients will be formally
entered into this study. The final (non-culprit) lesion deemed in need
of intervention will undergo staged intervention 8-12 weeks following
the index procedure at which time this final lesion will be reimaged to
determine whether high-dose statin therapy caused a reduction in
lipid content as assessed by NIRS and altered plaque morphology by
OCT. We are also profiling the relationship between plaque
morphology by OCT and NIRS to changes in LDL, HDL, Apo-AI and
macrophage functionality as a result of 8-12 weeks high-dose statin
therapy. Taken together, combined utilization of OCT and NIRS
applied in the coronary circulation, together with a comprehensive
assessment of lipoprotein biology and inflammatory cell activity
represents a powerful approach to addressing the systemic nature of
vascular disease and the mechanisms of the efficacy of high-dose statin
therapy for stabilizing atherosclerotic plaques.

Conclusion
The first YELLOW trial demonstrated that short term statin

treatment leads to lipid regression as assessed by NIRS. We were
unable, however, to extrapolate the effect on plaque characteristics as
OCT was not employed. OCT is an intravascular imaging method that
enables coronary artery plaque characterization by the highest
achievable in vivo spatial resolution at 10-20 mm, a resolution of 10-
fold higher than that of intravascular ultrasound (IVUS) [30,41]. A
prior study has demonstrated OCT to be a reliable and accurate for
characterization of high-risk plaque features, including thickness of
fibrous cap and intraplaque lipid arcs [42]. In addition, macrophages
can also be visualized by OCT and are seen as signal-rich, distinct, or
confluent punctate regions that exceed the intensity of background
speckle noise [41,43]. Most recently, Komukai et al. reported the
benefits of atorvastatin on plaque characteristics using OCT [44].
Other studies have indeed demonstrated the power of multimodality
imaging in various settings [45-47]. YELLOW II is a prospective study
(Figure 2) designed to extend our understanding by assessing whether
high dose statin therapy (rosuvastatin 40 mg daily) favourably alters
plaque characteristics as well as linking these changes to increased
HDL function and alterations in macrophage gene expression and
behaviour.
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Figure 2: YELLOW II Clinical Trial Design.

The HDL hypothesis essentially states that a reduction of plasma
HDL concentration may accelerate the development of atherosclerosis
by impairing the clearance of cholesterol from the arterial wall. It
implies that the efficiency of reverse cholesterol transport is partly
dependent on the concentration of HDL and individuals with low
HDL have a greater risk of CAD than individuals with high HDL
levels. In a recent study, Voight et al. using Mendelian randomization
tested the hypothesis that increased plasma HDL-C is protective for
myocardial infarction (MI) by examining the relationship between
genetic variations associated with elevated levels of plasma HDL-C and
the risk of MI [48]. Interestingly, they found that some genetic
mechanisms that raise plasma HDL-C do not necessarily lower the risk
of MI and that these findings challenge the concept that raising of
plasma HDL-C would uniformly translate into reductions in risk of
myocardial infarction. This idea is consistent with recent studies in
which the plasma level of HDL-C was raised pharmacologically (eg.
AIM-HIGH [49], ILLUMINATE [50], dal-OUTCOMES [51-52], and
HPS2-THRIVE [53]) without evidence that there were any reductions
in cardiovascular events.

Although there are some who feel that the above data indicates that
HDL should no longer be a therapeutic target, the above developments
only emphasize that HDL biology is complex. In fact, they have led to
a reshaping of the HDL hypothesis to focus on HDL function (i.e.
efflux capacity). HDL cholesterol efflux capacity is a significant inverse
predictor of coronary heart disease even after adjusting for HDL-C
concentrations [54]. In other words, it is not HDL cholesterol itself
that has a causal relation to atheroprotection, but rather HDL
function, which cannot be reliably estimated through the simple
measurement of HDL-C. This concept has recently been reinforced by
a recent report that demonstrated that cholesterol efflux capacity was
inversely associated with the incidence of cardiovascular events in a
population-based cohort [55]. Based on all of the above, determining
whether high dose statin can increase HDL functionality via
macrophage cholesterol efflux assays is of clinical importance.

Through a variety of experiments, we have characterized the
regressing plaque at the molecular level [25]. For example, we have
reported that CCR7, a chemokine required for migration of monocyte
derived cells and found to be functionally required for plaque

regression (at least in murine models) plays a crucial role in promoting
this process [15,19]. We have also demonstrated in murine models
that one way to induce this gene is via lipid depletion [24]. The
YELLOW II trial will be the first to our knowledge to determine
whether these data can be extrapolated to a CAD population and how
it relates to HDL function, alterations in macrophage gene expression,
and plaque morphology.

Figure 3: The Power of Multimodality Imaging. A) Angiogram of
59 year old patient presenting with unstable angina. Lesion (arrow)
in LAD (left anterior descending artery) identified; B) Intravascular
ultrasound (IVUS) of same segment demonstrates total plaque
burden; C) Optical coherence tomography (OCT) reveals thin cap
fibroatheroma (see arrows); D) Near infrared spectroscopy (NIRS)
provides information regarding lipid content.

The idea that atheroma can regress is no longer a dream. Over the
last few years, we and others have begun to dissect the molecular
mechanisms of this process. We have discovered that decreasing the
lipid content can directly lead to macrophage egress and plaque
healing. The question however has remained as to how to translate
these findings to the bedside. Therefore, imaging of the plaque in the
patient has become a prime focus for investigators. Completion of the
YELLOW II trial will further help us understand the interplay between
plaque characteristics, lipid milieu, and reverse cholesterol transport.
While tremendous progress has been made, our research serves as a
reminder that angiography is simply luminography and it is features
such as thin cap fibroatheroma and lipid burden, for example, that
likely modulate the syndromes seen in clinical practice (Figure 3). On-
going studies such as ours may provide novel pathways for diagnosis
and therapy, with the ultimate goal of reducing the burden of
cardiovascular disease.

References
1. Ross R (1993) The pathogenesis of atherosclerosis: a perspective for the

1990s. Nature 362: 801-809.
2. Ross R (1999) Atherosclerosis--an inflammatory disease. N Engl J Med

340: 115-126.
3. Blankenhorn DH, Hodis HN (1994) George Lyman Duff Memorial

Lecture. Arterial imaging and atherosclerosis reversal. Arterioscler
Thromb 14: 177-192.

4. Williams KJ, Feig JE, Fisher EA (2007) Cellular and molecular
mechanisms for rapid regression of atherosclerosis: from bench top to
potentially achievable clinical goal. Curr Opin Lipidol 18: 443-450.

5. Williams KJ, Feig JE, Fisher EA (2008) Rapid regression of
atherosclerosis: insights from the clinical and experimental literature. Nat
Clin Pract Cardiovasc Med 5: 91-102.

6. FRIEDMAN M, BYERS SO, ROSENMAN RH (1957) Resolution of
aortic atherosclerotic infiltration in the rabbit by phosphatide infusion.
Proc Soc Exp Biol Med 95: 586-588.

Citation: Feig JE, Feig JL, Kini AS (2015) The Regression of Atherosclerosis: The Power of Multimodality Imaging. J Clin Exp Cardiolog 6: 369.
doi:10.4172/2155-9880.1000369

Page 4 of 6

J Clin Exp Cardiolog
ISSN:2155-9880 JCEC, an open access journal

Volume 6 • Issue 5 • 1000369

http://www.ncbi.nlm.nih.gov/pubmed/8479518
http://www.ncbi.nlm.nih.gov/pubmed/8479518
http://www.ncbi.nlm.nih.gov/pubmed/9887164
http://www.ncbi.nlm.nih.gov/pubmed/9887164
http://www.ncbi.nlm.nih.gov/pubmed/8305407
http://www.ncbi.nlm.nih.gov/pubmed/8305407
http://www.ncbi.nlm.nih.gov/pubmed/8305407
http://www.ncbi.nlm.nih.gov/pubmed/17620862
http://www.ncbi.nlm.nih.gov/pubmed/17620862
http://www.ncbi.nlm.nih.gov/pubmed/17620862
http://www.ncbi.nlm.nih.gov/pubmed/18223541
http://www.ncbi.nlm.nih.gov/pubmed/18223541
http://www.ncbi.nlm.nih.gov/pubmed/18223541
http://www.ncbi.nlm.nih.gov/pubmed/13453516
http://www.ncbi.nlm.nih.gov/pubmed/13453516
http://www.ncbi.nlm.nih.gov/pubmed/13453516


7. Williams KJ, Werth VP, Wolff JA (1984) Intravenously administered
lecithin liposomes: a synthetic antiatherogenic lipid particle. Perspect
Biol Med 27: 417-431.

8. Stein Y, Stein O (2001) Does therapeutic intervention achieve slowing of
progression or bona fide regression of atherosclerotic lesions?
Arterioscler Thromb Vasc Biol 21: 183-188.

9. Armstrong ML (1976) Evidence of regression of atherosclerosis in
primates and man. Postgrad Med J 52: 456-461.

10. Armstrong ML, Warner ED, Connor WE (1970) Regression of coronary
atheromatosis in rhesus monkeys. Circ Res 27: 59-67.

11. Wissler RW, Vesselinovitch D (1976) Studies of regression of advanced
atherosclerosis in experimental animals and man. Ann N Y Acad Sci 275:
363-378.

12. Miyazaki A, Sakuma S, Morikawa W, Takiue T, Miake F, et al. (1995)
Intravenous injection of rabbit apolipoprotein A-I inhibits the
progression of atherosclerosis in cholesterol-fed rabbits. Arterioscler
Thromb Vasc Biol 15: 1882-1888.

13. Reis ED1, Li J, Fayad ZA, Rong JX, Hansoty D, et al. (2001) Dramatic
remodeling of advanced atherosclerotic plaques of the apolipoprotein E-
deficient mouse in a novel transplantation model. J Vasc Surg 34:
541-547.

14. Trogan E, Fayad ZA, Itskovich VV, Aguinaldo JG, Mani V, et al. (2004)
Serial studies of mouse atherosclerosis by in vivo magnetic resonance
imaging detect lesion regression after correction of dyslipidemia.
Arterioscler Thromb Vasc Biol 24: 1714-1719.

15. Trogan E, Feig JE, Dogan S, Rothblat GH, Angeli V, et al. (2006) Gene
expression changes in foam cells and the role of chemokine receptor
CCR7 during atherosclerosis regression in ApoE-deficient mice. Proc
Natl Acad Sci U S A 103: 3781-3786.

16. Feig JE (2014) Regression of atherosclerosis: insights from animal and
clinical studies. Ann Glob Health 80: 13-23.

17. Feig JE, Feig JL (2012) Macrophages, dendritic cells, and regression of
atherosclerosis. Front Physiol 3: 286.

18. Feig JE, Hewing B, Smith JD, Hazen SL, Fisher EA (2014) High-density
lipoprotein and atherosclerosis regression: evidence from preclinical and
clinical studies. Circ Res 114: 205-213.

19. Feig JE, Parathath S, Rong JX, Mick SL, Vengrenyuk Y, et al. (2011)
Reversal of hyperlipidemia with a genetic switch favorably affects the
content and inflammatory state of macrophages in atherosclerotic
plaques. Circulation 123: 989-998.

20. Feig JE, Pineda-Torra I, Sanson M, Bradley MN, Vengrenyuk Y, et al.
(2010) LXR promotes the maximal egress of monocyte-derived cells from
mouse aortic plaques during atherosclerosis regression. J Clin Invest 120:
4415-4424.

21. Feig JE, Quick JS, Fisher EA (2009) The role of a murine transplantation
model of atherosclerosis regression in drug discovery. Curr Opin Investig
Drugs 10: 232-238.

22. Feig JE, Rong JX, Shamir R, Sanson M, Vengrenyuk Y, et al. (2011) HDL
promotes rapid atherosclerosis regression in mice and alters
inflammatory properties of plaque monocyte-derived cells. Proc Natl
Acad Sci USA 108: 7166-7171.

23. Feig JE, Shamir R, Fisher EA (2008) Atheroprotective effects of HDL:
beyond reverse cholesterol transport. Curr Drug Targets 9: 196-203.

24. Feig JE, Shang Y, Rotllan N, Vengrenyuk Y, Wu C, et al. (2011) Statins
promote the regression of atherosclerosis via activation of the CCR7-
dependent emigration pathway in macrophages. PLoS One 6: e28534.

25. Feig JE, Vengrenyuk Y, Reiser V, Wu C, Statnikov A, et al. (2012)
Regression of atherosclerosis is characterized by broad changes in the
plaque macrophage transcriptome. PLoS One 7: e39790.

26. Nissen SE, Tuzcu EM, Schoenhagen P, Crowe T, Sasiela WJ, et al. (2005)
Statin therapy, LDL cholesterol, C-reactive protein, and coronary artery
disease. N Engl J Med 352: 29-38.

27. Nissen SE, Nicholls SJ, Sipahi I, Libby P, Raichlen JS, et al. (2006) Effect
of very high-intensity statin therapy on regression of coronary
atherosclerosis: the ASTEROID trial. JAMA 295: 1556-1565.

28. Nicholls SJ, Ballantyne CM, Barter PJ, Chapman MJ, Erbel RM, et al.
(2011) Effect of two intensive statin regimens on progression of coronary
disease. N Engl J Med 365: 2078-2087.

29. Nicholls SJ, Hsu A, Wolski K, Hu B, Bayturan O, et al. (2010)
Intravascular ultrasound-derived measures of coronary atherosclerotic
plaque burden and clinical outcome. J Am Coll Cardiol 55: 2399-2407.

30. Jang IK, Tearney GJ, MacNeill B, Takano M, Moselewski F, et al. (2005)
In vivo characterization of coronary atherosclerotic plaque by use of
optical coherence tomography. Circulation 111: 1551-1555.

31. Stone GW, Maehara A, Lansky AJ, de Bruyne B, Cristea E, et al. (2011) A
prospective natural-history study of coronary atherosclerosis. N Engl J
Med 364: 226-235.

32. Jaross W, Neumeister V, Lattke P, Schuh D (1999) Determination of
cholesterol in atherosclerotic plaques using near infrared diffuse
reflection spectroscopy. Atherosclerosis 147: 327-337.

33. Moreno PR, Lodder RA, Purushothaman KR, Charash WE, O'Connor
WN, et al. (2002) Detection of lipid pool, thin fibrous cap, and
inflammatory cells in human aortic atherosclerotic plaques by near-
infrared spectroscopy. Circulation 105: 923-927.

34. Wang J, Geng YJ, Guo B, Klima T, Lal BN, et al. (2002) Near-infrared
spectroscopic characterization of human advanced atherosclerotic
plaques. J Am Coll Cardiol 39: 1305-1313.

35. Kini AS, Baber U, Kovacic JC, Limaye A, Ali ZA, et al. (2013) Changes in
plaque lipid content after short-term intensive versus standard statin
therapy: the YELLOW trial (reduction in yellow plaque by aggressive
lipid-lowering therapy). J Am Coll Cardiol 62: 21-29.

36. Cassis LA, Lodder RA (1993) Near-IR imaging of atheromas in living
arterial tissue. Anal Chem 65: 1247-1256.

37. Waxman S, Dixon SR, L'Allier P, Moses JW, Petersen JL, et al. (2009) In
vivo validation of a catheter-based near-infrared spectroscopy system for
detection of lipid core coronary plaques: initial results of the SPECTACL
study. JACC Cardiovasc Imaging 2: 858-868.

38. Huang D, Swanson EA, Lin CP, Schuman JS, Stinson WG, et al. (1991)
Optical coherence tomography. Science 254: 1178-1181.

39. Rieber J, Meissner O, Babaryka G, Reim S, Oswald M, et al. (2006)
Diagnostic accuracy of optical coherence tomography and intravascular
ultrasound for the detection and characterization of atherosclerotic
plaque composition in ex-vivo coronary specimens: a comparison with
histology. Coron Artery Dis 17: 425-430.

40. Yabushita H, Bouma BE, Houser SL, Aretz HT, Jang IK, et al. (2002)
Characterization of human atherosclerosis by optical coherence
tomography. Circulation 106: 1640-1645.

41. Tearney GJ, Regar E, Akasaka T, Adriaenssens T, Barlis P, et al. (2012)
Consensus standards for acquisition, measurement, and reporting of
intravascular optical coherence tomography studies: a report from the
International Working Group for Intravascular Optical Coherence
Tomography Standardization and Validation. J Am Coll Cardiol 59:
1058-1072.

42. Kume T, Akasaka T, Kawamoto T, Okura H, Watanabe N, et al. (2006)
Measurement of the thickness of the fibrous cap by optical coherence
tomography. Am Heart J 152: 755.

43. Tearney GJ, Yabushita H, Houser SL, Aretz HT, Jang IK, et al. (2003)
Quantification of macrophage content in atherosclerotic plaques by
optical coherence tomography. Circulation 107: 113-119.

44. Komukai K, Kubo T, Kitabata H, Matsuo Y, Ozaki Y, et al. (2014) Effect
of Atorvastatin Therapy on Fibrous Cap Thickness in Coronary
Atherosclerotic Plaque as Assessed by Optical Coherence Tomography:
The EASY-FIT Study. J Am Coll Cardiol 64: 2207-2217.

45. Ali ZA, Roleder T, Narula J, Mohanty BD, Baber U, et al. (2013)
Increased thin-cap neoatheroma and periprocedural myocardial
infarction in drug-eluting stent restenosis: multimodality intravascular
imaging of drug-eluting and bare-metal stents. Circ Cardiovasc Interv 6:
507-517.

46. Dohi T, Maehara A, Moreno PR, Baber U, Kovacic JC, et al. (2014) The
relationship among extent of lipid-rich plaque, lesion characteristics, and
plaque progression/regression in patients with coronary artery disease: a

Citation: Feig JE, Feig JL, Kini AS (2015) The Regression of Atherosclerosis: The Power of Multimodality Imaging. J Clin Exp Cardiolog 6: 369.
doi:10.4172/2155-9880.1000369

Page 5 of 6

J Clin Exp Cardiolog
ISSN:2155-9880 JCEC, an open access journal

Volume 6 • Issue 5 • 1000369

http://www.ncbi.nlm.nih.gov/pubmed/6374607
http://www.ncbi.nlm.nih.gov/pubmed/6374607
http://www.ncbi.nlm.nih.gov/pubmed/6374607
http://www.ncbi.nlm.nih.gov/pubmed/11156850
http://www.ncbi.nlm.nih.gov/pubmed/11156850
http://www.ncbi.nlm.nih.gov/pubmed/11156850
http://www.ncbi.nlm.nih.gov/pubmed/823537
http://www.ncbi.nlm.nih.gov/pubmed/823537
http://www.ncbi.nlm.nih.gov/pubmed/4987450
http://www.ncbi.nlm.nih.gov/pubmed/4987450
http://www.ncbi.nlm.nih.gov/pubmed/827228
http://www.ncbi.nlm.nih.gov/pubmed/827228
http://www.ncbi.nlm.nih.gov/pubmed/827228
http://www.ncbi.nlm.nih.gov/pubmed/7583568
http://www.ncbi.nlm.nih.gov/pubmed/7583568
http://www.ncbi.nlm.nih.gov/pubmed/7583568
http://www.ncbi.nlm.nih.gov/pubmed/7583568
http://www.ncbi.nlm.nih.gov/pubmed/11533609
http://www.ncbi.nlm.nih.gov/pubmed/11533609
http://www.ncbi.nlm.nih.gov/pubmed/11533609
http://www.ncbi.nlm.nih.gov/pubmed/11533609
http://www.ncbi.nlm.nih.gov/pubmed/15256400
http://www.ncbi.nlm.nih.gov/pubmed/15256400
http://www.ncbi.nlm.nih.gov/pubmed/15256400
http://www.ncbi.nlm.nih.gov/pubmed/15256400
http://www.ncbi.nlm.nih.gov/pubmed/16537455
http://www.ncbi.nlm.nih.gov/pubmed/16537455
http://www.ncbi.nlm.nih.gov/pubmed/16537455
http://www.ncbi.nlm.nih.gov/pubmed/16537455
http://www.ncbi.nlm.nih.gov/pubmed/24751561
http://www.ncbi.nlm.nih.gov/pubmed/24751561
http://www.ncbi.nlm.nih.gov/pubmed/22934038
http://www.ncbi.nlm.nih.gov/pubmed/22934038
http://www.ncbi.nlm.nih.gov/pubmed/24385513
http://www.ncbi.nlm.nih.gov/pubmed/24385513
http://www.ncbi.nlm.nih.gov/pubmed/24385513
http://www.ncbi.nlm.nih.gov/pubmed/21339485
http://www.ncbi.nlm.nih.gov/pubmed/21339485
http://www.ncbi.nlm.nih.gov/pubmed/21339485
http://www.ncbi.nlm.nih.gov/pubmed/21339485
http://www.ncbi.nlm.nih.gov/pubmed/21041949
http://www.ncbi.nlm.nih.gov/pubmed/21041949
http://www.ncbi.nlm.nih.gov/pubmed/21041949
http://www.ncbi.nlm.nih.gov/pubmed/21041949
http://www.ncbi.nlm.nih.gov/pubmed/19333880
http://www.ncbi.nlm.nih.gov/pubmed/19333880
http://www.ncbi.nlm.nih.gov/pubmed/19333880
http://www.ncbi.nlm.nih.gov/pubmed/21482781
http://www.ncbi.nlm.nih.gov/pubmed/21482781
http://www.ncbi.nlm.nih.gov/pubmed/21482781
http://www.ncbi.nlm.nih.gov/pubmed/21482781
http://www.ncbi.nlm.nih.gov/pubmed/18336237
http://www.ncbi.nlm.nih.gov/pubmed/18336237
http://www.ncbi.nlm.nih.gov/pubmed/22163030
http://www.ncbi.nlm.nih.gov/pubmed/22163030
http://www.ncbi.nlm.nih.gov/pubmed/22163030
http://www.ncbi.nlm.nih.gov/pubmed/22761902
http://www.ncbi.nlm.nih.gov/pubmed/22761902
http://www.ncbi.nlm.nih.gov/pubmed/22761902
http://www.ncbi.nlm.nih.gov/pubmed/15635110
http://www.ncbi.nlm.nih.gov/pubmed/15635110
http://www.ncbi.nlm.nih.gov/pubmed/15635110
http://www.ncbi.nlm.nih.gov/pubmed/16533939
http://www.ncbi.nlm.nih.gov/pubmed/16533939
http://www.ncbi.nlm.nih.gov/pubmed/16533939
http://www.ncbi.nlm.nih.gov/pubmed/22085316
http://www.ncbi.nlm.nih.gov/pubmed/22085316
http://www.ncbi.nlm.nih.gov/pubmed/22085316
http://www.ncbi.nlm.nih.gov/pubmed/20488313
http://www.ncbi.nlm.nih.gov/pubmed/20488313
http://www.ncbi.nlm.nih.gov/pubmed/20488313
http://www.ncbi.nlm.nih.gov/pubmed/15781733
http://www.ncbi.nlm.nih.gov/pubmed/15781733
http://www.ncbi.nlm.nih.gov/pubmed/15781733
http://www.ncbi.nlm.nih.gov/pubmed/21247313
http://www.ncbi.nlm.nih.gov/pubmed/21247313
http://www.ncbi.nlm.nih.gov/pubmed/21247313
http://www.ncbi.nlm.nih.gov/pubmed/10559519
http://www.ncbi.nlm.nih.gov/pubmed/10559519
http://www.ncbi.nlm.nih.gov/pubmed/10559519
http://www.ncbi.nlm.nih.gov/pubmed/11864919
http://www.ncbi.nlm.nih.gov/pubmed/11864919
http://www.ncbi.nlm.nih.gov/pubmed/11864919
http://www.ncbi.nlm.nih.gov/pubmed/11864919
http://www.ncbi.nlm.nih.gov/pubmed/11955848
http://www.ncbi.nlm.nih.gov/pubmed/11955848
http://www.ncbi.nlm.nih.gov/pubmed/11955848
http://www.ncbi.nlm.nih.gov/pubmed/23644090
http://www.ncbi.nlm.nih.gov/pubmed/23644090
http://www.ncbi.nlm.nih.gov/pubmed/23644090
http://www.ncbi.nlm.nih.gov/pubmed/23644090
http://www.ncbi.nlm.nih.gov/pubmed/8503505
http://www.ncbi.nlm.nih.gov/pubmed/8503505
http://www.ncbi.nlm.nih.gov/pubmed/19608137
http://www.ncbi.nlm.nih.gov/pubmed/19608137
http://www.ncbi.nlm.nih.gov/pubmed/19608137
http://www.ncbi.nlm.nih.gov/pubmed/19608137
http://www.ncbi.nlm.nih.gov/pubmed/1957169
http://www.ncbi.nlm.nih.gov/pubmed/1957169
http://www.ncbi.nlm.nih.gov/pubmed/16845250
http://www.ncbi.nlm.nih.gov/pubmed/16845250
http://www.ncbi.nlm.nih.gov/pubmed/16845250
http://www.ncbi.nlm.nih.gov/pubmed/16845250
http://www.ncbi.nlm.nih.gov/pubmed/16845250
http://www.ncbi.nlm.nih.gov/pubmed/12270856
http://www.ncbi.nlm.nih.gov/pubmed/12270856
http://www.ncbi.nlm.nih.gov/pubmed/12270856
http://www.ncbi.nlm.nih.gov/pubmed/22421299
http://www.ncbi.nlm.nih.gov/pubmed/22421299
http://www.ncbi.nlm.nih.gov/pubmed/22421299
http://www.ncbi.nlm.nih.gov/pubmed/22421299
http://www.ncbi.nlm.nih.gov/pubmed/22421299
http://www.ncbi.nlm.nih.gov/pubmed/22421299
http://www.ncbi.nlm.nih.gov/pubmed/16996853
http://www.ncbi.nlm.nih.gov/pubmed/16996853
http://www.ncbi.nlm.nih.gov/pubmed/16996853
http://www.ncbi.nlm.nih.gov/pubmed/12515752
http://www.ncbi.nlm.nih.gov/pubmed/12515752
http://www.ncbi.nlm.nih.gov/pubmed/12515752
http://www.ncbi.nlm.nih.gov/pubmed/25456755
http://www.ncbi.nlm.nih.gov/pubmed/25456755
http://www.ncbi.nlm.nih.gov/pubmed/25456755
http://www.ncbi.nlm.nih.gov/pubmed/25456755
http://www.ncbi.nlm.nih.gov/pubmed/24065447
http://www.ncbi.nlm.nih.gov/pubmed/24065447
http://www.ncbi.nlm.nih.gov/pubmed/24065447
http://www.ncbi.nlm.nih.gov/pubmed/24065447
http://www.ncbi.nlm.nih.gov/pubmed/24065447
http://www.ncbi.nlm.nih.gov/pubmed/25190072
http://www.ncbi.nlm.nih.gov/pubmed/25190072
http://www.ncbi.nlm.nih.gov/pubmed/25190072


serial near-infrared spectroscopy and intravascular ultrasound study. Eur
Heart J Cardiovasc Imaging.

47. Roleder T, Kovacic JC, Ali Z, Sharma R, Cristea E, et al. (2014) Combined
NIRS and IVUS imaging detects vulnerable plaque using a single catheter
system: a head-to-head comparison with OCT. EuroIntervention 10:
303-311.

48. Voight BF, Peloso GM, Orho-Melander M, Frikke-Schmidt R, Barbalic
M, et al. (2012) Plasma HDL cholesterol and risk of myocardial
infarction: a mendelian randomisation study. Lancet 380: 572-580.

49. AIM-HIGH Investigators, Boden WE, Probstfield JL, Anderson T,
Chaitman BR, et al. (2011) Niacin in patients with low HDL cholesterol
levels receiving intensive statin therapy. N Engl J Med 365: 2255-2267.

50. Barter PJ, Caulfield M, Eriksson M, Grundy SM, Kastelein JJ, et al. (2007)
Effects of torcetrapib in patients at high risk for coronary events. N Engl J
Med 357: 2109-2122.

51. Schwartz GG, Olsson AG, Abt M, Ballantyne CM, Barter PJ, et al. (2012)
Effects of dalcetrapib in patients with a recent acute coronary syndrome.
N Engl J Med 367: 2089-2099.

52. Schwartz GG, Olsson AG, Ballantyne CM, Barter PJ, Holme IM, et al.
(2009) Rationale and design of the dal-OUTCOMES trial: efficacy and
safety of dalcetrapib in patients with recent acute coronary syndrome.
Am Heart J 158: 896-901.

53. HPS2-THRIVE Collaborative Group, Landray MJ, Haynes R, Hopewell
JC, Parish S, et al. (2014) Effects of extended-release niacin with
laropiprant in high-risk patients. N Engl J Med 371: 203-212.

54. Khera AV, Cuchel M, de la Llera-Moya M, Rodrigues A, Burke MF, et al.
(2011) Cholesterol efflux capacity, high-density lipoprotein function, and
atherosclerosis. N Engl J Med 364: 127-135.

55. Rohatgi A, Khera A, Berry JD, Givens EG, Ayers CR, et al. (2014) HDL
cholesterol efflux capacity and incident cardiovascular events. N Engl J
Med 371: 2383-2393.

 

Citation: Feig JE, Feig JL, Kini AS (2015) The Regression of Atherosclerosis: The Power of Multimodality Imaging. J Clin Exp Cardiolog 6: 369.
doi:10.4172/2155-9880.1000369

Page 6 of 6

J Clin Exp Cardiolog
ISSN:2155-9880 JCEC, an open access journal

Volume 6 • Issue 5 • 1000369

http://www.ncbi.nlm.nih.gov/pubmed/25190072
http://www.ncbi.nlm.nih.gov/pubmed/25190072
http://www.ncbi.nlm.nih.gov/pubmed/24769522
http://www.ncbi.nlm.nih.gov/pubmed/24769522
http://www.ncbi.nlm.nih.gov/pubmed/24769522
http://www.ncbi.nlm.nih.gov/pubmed/24769522
http://www.ncbi.nlm.nih.gov/pubmed/22607825
http://www.ncbi.nlm.nih.gov/pubmed/22607825
http://www.ncbi.nlm.nih.gov/pubmed/22607825
http://www.ncbi.nlm.nih.gov/pubmed/22085343
http://www.ncbi.nlm.nih.gov/pubmed/22085343
http://www.ncbi.nlm.nih.gov/pubmed/22085343
http://www.ncbi.nlm.nih.gov/pubmed/17984165
http://www.ncbi.nlm.nih.gov/pubmed/17984165
http://www.ncbi.nlm.nih.gov/pubmed/17984165
http://www.ncbi.nlm.nih.gov/pubmed/23126252
http://www.ncbi.nlm.nih.gov/pubmed/23126252
http://www.ncbi.nlm.nih.gov/pubmed/23126252
http://www.ncbi.nlm.nih.gov/pubmed/19958854
http://www.ncbi.nlm.nih.gov/pubmed/19958854
http://www.ncbi.nlm.nih.gov/pubmed/19958854
http://www.ncbi.nlm.nih.gov/pubmed/19958854
http://www.ncbi.nlm.nih.gov/pubmed/25014686
http://www.ncbi.nlm.nih.gov/pubmed/25014686
http://www.ncbi.nlm.nih.gov/pubmed/25014686
http://www.ncbi.nlm.nih.gov/pubmed/21226578
http://www.ncbi.nlm.nih.gov/pubmed/21226578
http://www.ncbi.nlm.nih.gov/pubmed/21226578
http://www.ncbi.nlm.nih.gov/pubmed/25404125
http://www.ncbi.nlm.nih.gov/pubmed/25404125
http://www.ncbi.nlm.nih.gov/pubmed/25404125

	Contents
	The Regression of Atherosclerosis: The Power of Multimodality Imaging
	Abstract
	Keywords:
	Introduction
	Regression of Atherosclerosis-Preclinical Studies
	Regression of Atherosclerosis-Clinical Studies
	YELLOW Trial
	YELLOW II Trial
	Conclusion
	References


