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ABSTRACT: Atherosclerosis has been known as the biggest challenge in vascular medicine. With the metabolic factor of danger

rising, more harm that brought from the atherosclerotic disease will show up. Ultrasound imaging, as the noninvasive and real-time

inspection method, is always used as the atherosclerotic diagnosis tool. Revolution in the field of ultrasound imaging in the last three

decades has enabled imaging of the pathological process and structure within atherosclerotic tissue. In this article, we review advances in

contrast-enhanced ultrasound aimed at detecting the lesion at the relatively early stage of atherosclerosis.
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Fig.1 Carotid artery with intraplaque neovascularization on CEUSP.
Plaque at the origin of the internal carotid artery on B-mode US imaging
(right panel). Corresponding artery on contrast-enhanced US (left panel)

with visible MBs within the plaque (arrows)
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Fig.2 Molecular imaging of the ascending aortal[12]. (A) Mean + standard error of the mean background-subtracted signal intensity for MBs targeted to

VCAM-1 (MBVCAM) and control MBs (MBCtr) in non-treated and statin treated animals. A significant difference in the signal intensity of MBs targeted

to VCAM-1 (MBVCAM) was observed compared to control MBs (MBCtr), *p<0.01 in non-treated animals, A significant reduced signal intensity of

MBVCAM after statin treatment was observed, ¥ p<0.01. Examples of color-coded CEU images from a non-treated animal after injection of MBVCAM
(B), and of MBCtr (C). Images from a statin treated animal after injection of MBVCAM (D), and of MBCtr (E). The color scale for the CEU images is

shown at the bottom of each frame. A significantly signal difference can be seen in statin treated animal (Figure B versus Figure D). (F) and (G) illustrate

the outline of the ascending aorta on B-mode US images which was used as a region of interest for acoustic intensity measurements.

L AT AR 5 [ N 2 SE B A COIE ] 1 4% SLeX AT ICAM-1 H1
OO AR ] 7 MBs, TS50 vh i S H B AL RE A $2
o SGIERLI MBs B USR] B 27 UCAs [ H]
T ALK AS BRI 1 AR DA o

4 NEERE

JAE AS B e B2 W 56T 7 T AT 2 e L (A
FEATBAE S 3 [ G040 S 2 J v [ AT S — R AT 3R R A i R
PIRGRIIP . IS AS AU A BHZE SRR T R T L
BURLERI A4 A B 22 03K IS R IBR A, ARG IA RN
TEid B = HAEp R R T UISERE S BT R BRI T
BT FATRE WS BER A FHT A= M4 AT D e M R FIE
PR AR ROM R AT 3R A LU ATE SN TE AR 15 8 BT
T AS B AR, [FRGSfERE T HTRIBT AS 259 DI RE

BIPRABIIE
TR AT P IVE . RN ARAEIR A AR R, T AS

P i AR B B BORU , OF 51 SR 7 T B RO RS E 6, AT

B B 11 ) i S SR DT REAK P AR LK L gy 1ok

PR BIPLRTTTE , 1X T LR R IAEAITTE A7 240 575 08 ik

UG L, SEBUAR R e RCR 1AL

% % 3 #k( References )

[1] Herrmann J, Lerman LO, Mukhopadhyay D,et al. Angiogenesis in
atherogenesis [J]. Arterioscler Thromb Vasc Biol, 2006, 26 (9):
1948-1957

[2] Staub D, Schinkel AF, Coll B, et al. Contrast-enhanced ultrasound
imaging of the vasa vasorum: from early atherosclerosis to the
identification of unstable plaques [J]. JACC Cardiovasc Imaging,
2010, 3(7): 761-771

[3] Staub D, Patel MB, Tibrewala A, et al. Vasa vasorum and plaque



IREYES#HE www.shengwuyixue.com Progressin Modern Biomedicine Vol17 NO.10 APR.2017

- 1963 -

neovascularization on contrast-enhanced carotid ultrasound imaging
correlates with cardiovascular disease and past cardiovascular events
[J]. Stroke, 2010, 41(1): 41-47

[4] Deyama J, Nakamura T, Takishima I, et al. Contrast-enhanced
ultrasound imaging of carotid plaque neovascularization is useful for
identifying high-risk patients with coronary artery disease [J]. Circ J,
2013, 77(6): 1499-1507

[S] Huang PT, Chen CC, Aronow WS, et al. Assessment of
neovascularization within carotid plaques in patients with ischemic
stroke[J]. World J Cardiol, 2010, 2(4): 89-97

[6] Hoogi A, Adam D, Hoffman A, et al. Carotid plaque vulnerability:
quantification of neovascularization on contrast-enhanced ultrasound
with histopathologiccorrelation[J]. AJR Am J Roentgenol, 2011, 196
(2): 431-436

[7] Carlier S, Kakadiaris IA, Dib N, et al. Vasa vasorum imaging: a new
window to the clinical detection of vulnerable atherosclerotic plaques
[J]. Curr Atheroscler Rep, 2005, 7(2): 164-169

[8] Goertz DE, Frijlink ME, de Jong N, et al. Nonlinear intravascular
ultrasound contrast imaging [J]. Ultrasound Med Biol, 2006, 32(4):
491-502

[91 Maresca D, Renaud G, van Soest G, et al. Contrast-enhanced
intravascular ultrasound pulse sequences for bandwidth-limited
transducers[J]. Ultrasound Med Biol, 2013, 39(4): 706-713

[10] H. C. Stary. Lipid and macrophage accumulations in arteries of
children and the development of atherosclerosis [J]. Am J Clin Nutr,
2000, 72(suppl 5): 1297S-1306S

[11] P.Libby. Inflammation in atherosclerosis[J]. Nature, 2002, 420(6917):
868-874

[12] G K Hansson. Inflammation, atherosclerosis, and coronary artery
disease[J]. N Engl J Med, 2005, 352(16): 1685-1695

[13] C K Glass, J L Witztum. Atherosclerosis. the road ahead [J]. Cell,
2001, 104(4): 503-516

[14] Libby P, Ridker PM, Hansson GK. Progress and challenges in
translating the biology of atherosclerosis[J]. Nature, 2011, 473(7347):
317-325

[15] A.J. Lusis. Atherosclerosis[J]. Nature, 2000, 407(8601): 233-241

[16] R. Ross. Atherosclerosis--an inflammatory disease[J]. N. Engl J Med,
1999, 340(2): 115-126

[17] Hamilton AJ, Huang SL, Warnick D, et al. Intravascular ultrasound
molecular imaging of atheroma components in vivo [J]. J Am Coll
Cardiol, 2004, 43(3): 453-460

[18] Kaufimann BA, Sanders JM, Davis C, et al. Molecular imaging of
inflammation in atherosclerosis with targeted ultrasound detection of

vascular cell adhesion molecule-1 [J]. Circulation, 2007, 116 (3):

276-284

[19] Khanicheh E, Mitterhuber M, Xu L, et al. Noninvasive ultrasound
molecular imaging of the effect of statins on endothelial inflammatory
phenotype in early atherosclerosis[J]. PLoS ONE, 2013, 8(3): 58761

[20] Wu Z, Curaj A, Fokong S, et al. Rhodamine-loaded intercellular
adhesion molecule-1-targeted microbubbles for dual-modality
imaging under controlled shear stresses [J]. Circ Cardiovasc Imaging,
2013, 6(6): 974-981

[21] Liu H, Wang X, Tan KB, et al. Molecular imaging of vulnerable
plaques in rabbits using contrast-enhanced ultrasound targeting to
vascular endothelial growth factor receptor-2 [J]. J Clin Ultrasound,
2011, 39(2): 83-90

[22] Lu 'Y, Wei J, Shao Q, et al. Assessment of atherosclerotic plaques in
the rabbit
antibody-targeted ultrasound microbubbles [J]. Mol Biol Rep, 2013,
40(4): 3083-3092

[23] Kornmann LM, Reesink KD, Reneman RS, et al.Critical appraisal of

abdominal aorta with interleukin-8 monoclonal

targeted ultrasound contrast agents for molecular imaging in large
arteries[J]. Ultrasound Med Biol, 2010, 36(2): 181-191

[24] Dayton P, Klibanov A, Brandenburger G, et al. Acoustic radiation
force in vivo: a mechanism to assist targeting of microbubbles [J].
Ultrasound Med Biol, 1999,25(8): 1195-1201

[25] Liu J, Zhang P, Liu P, et al. Endothelial adhesion of targeted
microbubbles in both small and great vessels using ultrasound
radiation force[J]. Mol Imaging, 2012,11(1): 58-66

[26] Wang S, Hossack JA, Klibanov AL, et al. Binding dynamics of
targeted microbubbles in response to modulated acoustic radiation
force[J]. Phys Med Biol, 2014, 59(2): 465-484

[27] Wu J, Leong-Poi H, Bin J, et al. Efficacy of contrast-enhanced US
and magnetic microbubbles targeted to vascular cell adhesion
molecule-1 for molecular imaging of atherosclerosis [J]. Radiology,
2011, 260(2): 463-471

[28] Cho YK, Yang W, Harry BL, et al. Dual-targeted contrast enhanced
ultrasound imaging of atherosclerosis in apolipoprotein E gene
knockout mice[J]. Circulation, 2007, 114(5): 11-759(Abstract 3559)

[29] Kaufmann BA, Carr CL, Belcik JT, et al. Molecular imaging of the
initial inflammatory response in atherosclerosis: implications for early
detection of disease [J]. Arterioscler Thromb Vasc Bioh, 2010, 30(1):
54-59

[30] Li Mei-yu, Xiao Yun-bin, Bin Jian-guo, et al. In vitro evaluation of
targeting capability of dual-targeted microbubbles carrying both
Sialyl Lewisx and anti-ICAM-1 monoclonal antibody [J]. Chin J Med
Imaging Technol,2010, 26(7): 1209-1213



