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Correlation between contrast—enhanced ultrasound grading of
neovascularization and inflammatory response in carotid plaque
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ABSTRACT Objective To investigate the correlation between semi—quantitative contrast—enhanced ultrasonography
in evaluating neovascularization in carotid plaques and circulating blood neutrophil /lymphocyte ratio (NLR) , and explore the
role of NLR in plaque neovascularization and plaque vulnerability influences.Methods A total of 132 subjects who underwent
carotid plaque contrast ultrasonography were selected and grouped according to the classification of neovascularization in the
plaque by semi—quantitative contrast—enhanced ultrasound : 60 cases in grades 1~2(group A) and 44 cases in grade 3 (group B)
and 28 cases in grade 4 (group C).Meanwhile, the number of circulating blood white blood cells(WBC) , neutral cells(NE) , and
lymphocytes (LY ) and neutrophil/lymphocyte ratio(NLR) were obtained from the three groups.Spearman correlation was used to
analyze the correlation between plaque contrast—enhanced ultrasound classification and leukocyte subtypes in circulating blood.
Logistic regression was used to further analyze the independent risk factors that affected neovascularization within the plaque.
Results WBC and NE increased sequentially in groups A, B, and C, while LY decreased in order, and the differences were
statistically significant (all P<0.01) ; NLR was the lowest in group A and the highest in group C, the differences were statistically
significant (P<0.01).The neovascularization grade of carotid plaque was positively correlated with WBC, NE and NLR in blood
circulation (7=0.30, 0.59 and 0.77, all P<0.01), but negatively correlated with LY (r=—0.50, P<0.01).The proportion of patients
with cerebral infarction among the three groups was the highest in group C, and the difference was statistically significant

( P<0.05).Logistic regression analysis indicated that NLR was an independent risk factor for neovascularization in the plaque.
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For every 1.08 increase of NLR in blood circulation, the neovascularization grading increased by one level.Conclusion NLR in

circulating blood is closely related to neovascularization in the plaque and is an independent risk factor.For every 1.08 increase

in NLR, the neovascularization grading increases by one level.

KEY WORDS Ultrasonography ; Contrast agent ; Carotid plaque ; White blood cells; NLR

By Ik s A A A BRE B rr o 408 B B 1 Al 22 o i I
P R — A E A B, B T AR AT
BRI > e, BREHR A SRR SR FUHT A 145 2 BRE R
Sy R E bR AR o R 1 5 ] S 390 B ik B B
PN RS A /DN LR, ~F 7 b ] AP SRR P 5 A 1 A8 O
fili FC By PR o rb PR 20 5 R 4 B L
(neutrophil/lymphocyte ratio, NLR ) J& 5 Bt 4= B R 5E 1%
DLHY— AT SEAE bR, HAS P KPSl bk s o il 1 1 ik
JRA —E AR OGS S ARBIFSR I TR 75 1 52 28 BT
it S50 Bh Jk BB A BT 2 ILAE O BEA T RS 2, o BT L S
NLR (Y AHOCHE | B 7E4R ST NLR X BEBR i Az 1 A8 5 Bt
G

BARETHE

— WG4

PEHL 2018 4F 9 H % 2019 4F 6 H T bt 75 5 2%
HUL AT S Bl ik BE B R 7R A s K A 1Y A2 R 132 4],
o 55109 B, 2 23 9], AF 0% 42~87 %, F- 1) (64.85+
10.27) % o 44 ABRIE - ORI 20 55 ok i) — 4 4 i 2 /0
A 3550 K AE AR SR BE>1.5 mm 4 30 Jhk o5 A B 1k B
B s QJC I oA AR | I TR 2R G 95 5 45 2 W) I A1 A
F1 200 i 8 4530 TR KOS B 0 o HERR AR i : OBEER A
WOREIR B 54k 5% 5 @A 7™ 3 190 il ) 5E B A @)X
7 3 5 R B, AN BB 22 8 PR G R A . AR R
SEVTAL BEH BT A A8 A9 53 9 2017 534 1~2 9% 60 151]
(AZH) 344 (BLH)FI4 9 28 ] (C£H ), AHWFIEL
B RO BT e, 2 i B B s R E 15

= AR E Ik

L — W GERR B : T A7 32308 R AT 24 h 2% 1k
TP TR | Y DR A5 AR A e 24 R MR 24, i SRR
AR ISR BT R B R

2. M7 1 RS A A < ffFH Philips iU 22 % (8 £ 3 )
B2 WA, L9-3 483k Wi #H 5~9 MHz, N B i 524
R @5 H) 1 H SonoVue (3 K F) Bracco 24 H ) o
1 FHT 5 5.0 ml A= BEER 7K 784010 A 58 50 1 ik @6
IR B A o 323 UM EMS, B S I Ba  3
P4 B0 ik B A0 T RS DD T A8 B |, A5 XU 525 51 ik
FrufEdaAE , 10 5% 30 8l Bk BEHe A58 8 o A A O, DA 85
KA R o 3 B I B fok o A Al AL BE B £ 7
A R AT o K C I X R R TR AR TR I R Tk 1A

1 2.4 ml, B 5 HEE 5.0 ml Az BEER K, HE 2 & 52 59 [R] B
Ja Bl v SR A BUBE X FU AR TR 58 RAS A , E SE 5R
il SR £ IS DX Il 1 BB 2 90 s, A4 LIS HH 434 o

3. S0 8 ok B A A LA 7 R P R A bR
WA SCHR (6], F BESR BT AR A5 40l 4 9 1 9%, Bk
DA S BRE B 11 356 S 34 A DL 75 i 5 R 38 0 52 5 2 0, B
T 1) BEEC R B 3l DRCRE 038 55 048, oI DL S i R R 2
SR 5 3 G, BEHR Y JE F A I R B B ik BE 19 92 57
B I RT UL P 3 R R SR 5 4 O, BEH PN 45 2
AT LR 75 1 5 G 5 o

=B IR I TP 20 A R 45 Y A E0ORT NLR 7Y
ey

TR PR B ST, A2 S RS T R AE ik il
£45.0 ml, ¥ JH§ Sysmex—1000i 4 [ 3 ML 28 BT 1L #8531
B 40 M (white blood cell, WBC) | H ¥ ki 21 fitg
(neutrophil, NE) Fl i [ 4f ffd (lymphocytes, LY ) , 31
B NLR.

MU Geiter b B

I SPSS 22.0 G 34K, Tt BERL D w5 TR, 2
ZH 1] L 384T Kruskal - Wallis £ %6, P9 PR L #04T Mann—
Whitney U Fi %5 . #H & 73 B 2K H Spearman AH G 434t
%o Logistic [543 47 5% Wi 55 20y Jlk BE B A3 A= 145 1Y
MALFER N ZR . P<0.05 MEFA SR X,

# R

R 7 4 R DAl B BT A LA Y 0 L IR 1

— TR A

A B CATEERI L AR i B 5K e i
A FIOME DR A4 B EL 25 L 3, 22 R TG X,
U328 15 C AL I BEFEAS B b i e, 5 A (B AL L 22 7 8
AHE it (¥ P<0.05) .

. Ift WBC \NE LY &% NLR F45%

5 AR, CAPEIR M WBC T B, 2
SASIEE X (P<0.01), NETTHETE A B.CAHMKIK
B LY PR, 2 R A S B (P
<0.01), AZHNLR#/),C4H NLR ek, 4% 21 1] Ho g 22
SR G E L () P<0.01), W32,

= HME ST

BEH P A 1A o S PEF I WBC  NE  NLR
PR TFE A6 (7=0.30.,0.59.0.77, ) P<0.01) , 5 LY £ 11



It AR B 2 ki 2020 4F 2 A 58 22 455 2 ] J Clin Ultrasound in Med, February 2020, Vol.22,No.2 .« 123 -

#H 56 (r=-0.50, P<0.01) , WLIE 2. Logistic [ 4 5 #1 &

P, NLR 2 BE 3T A= 14 B Sr S e R 2R o A ]

D450, BEB N H R BRI S2 0 Y 5t (7 3k R )

Ac 1 G, BEBRPA S R CHE 52700 1 5 B - 2 ¢, BEBRAEL IR V03 % A BE i

IH R B0 R, BB P 000 NLR 4336 0 1.08 , BEBR 37 4
M EIEIN—S . W3,

—— - A

SERNIG  (H3K %) 5 C 2 390, BEBRJREF T K 1044 DL 525 0 i (A 2k %) 5

BT BEHCPHT AL A SR 1A
R A BBOR LR

21 531 e (/%) () Wi 45 (mm Hg) #73K & (mm Hg) WE IR (f5]) R I (1)) JATE BT, (f51])
A 11/49 63.5+10.0 131.0£21.5 82.2+10.8 16 22 18
B4 8/36 66.7£10.8 139.7+17.9 85.4+12.3 19 25 15
C4 4/24 64.9+9.5 141.6+19.0 80.2+12.8 11 16 16
E 0.24 3.70 0.00 1.70 3.40 5.40 6.30
P 0.89 0.15 0.99 0.41 0.19 0.07 0.04
1 mm Hg=0.133 kPa
K2 HATEFIMA WBC NE LY \NLR HH (xs)
A \A
TiH  WBC(x10%L) NE(X10%L)  LY(x10%L) NLR i e
A 6.3+1.9 34215 2.2+1.0 1.7+1.0 TN o . e o
O S0 K RE B AL B e 19 55 351 BEHLIZ 0 i 1 4
et 9.0 392 343 75.1 B P R A SN ANBE SR PR AR 5 TR R L T T Y
P <001 <001 <001 <001 TP AE L BEHR P e VI I T R M4 B 4

5 A4 ,#P<0.01; 5 B4 AR, 2 P<0.01, WBC: FA4IAEITEL;

NE : FPHR7 I 140 LY < 0k CU AN 45 NLR - op s 41 i 5 bk PR 41
J3 AR AR

20.01

15.0-
= 10,0
Z o
5.0 g i
. g i
§
off |

i

2 3 4
BEHAY
B2 BERHE Y 400 5 NLR AR S R e

R3  JEFRIMWBC NE.LY X NLR B¢ B8 75 15 5 4 2% 1 52 1)

AAs . ARERIERBB bRAER Wald 2 H 95% nlf5IX ] P4

WBC -0.27 0.38 0.59 -0.97~0.43 0.44
NE 0.62 0.41 2.24 -0.19~1.42 0.14
LY 0.27 0.48 0.32 -0.67~1.21 0.57
NLR 1.08 0.28 14.76 0.53~1.63  <0.01

WBC: AT NE : PR i 85 LY - kB 4 3145 NLR
PR 4T /K L AT

RASET PR R B e 4 B S SE RS 48 A5 NLR 5
BEH ) P 1 0 5 2, O 0RO ik il A SRR R CE R
AWSE B TR 7 1 51 8 PP Al 3030 ik B B iy
B AR I S G R I AR NLR A9 AR S

A 1 A SR T A ARG I BE e P B A i A ) T
FBZ —, ol 2R Ak B B i & #5114 . Schmidt
SN 20 80 KB R 7 1 5 5 S8 Jhk P9 R AR T
S O P X e B 2 A AL e £ R AT 6 U9, 25 2K Rk B
He Py A s B R R A B e A A e (0 R 1
B A BRI A G . AR L, C 4128 4]
ZARH A 16 6 A A B, LA AT L v T
AL B AL, B BEH P AR IS o G, BEER S 6
PR, U A 1 A5 S e A Bl ey . 3 AT RE R PR R B
P B A A8 e 8 AN U, Y HLIARAL T 2 PR BT,
PG I AP 1 AR E | Hou 928 200 i 25 W 38 Ao 330 A= i A 1) 3 B
YER, 2E B BEH I8, 7= A RAE L T 92 RN, o 177 42
o BRE e AT A ST L 1 i H B 4

IR ML WBC  NE LY }& NLR S $8 bR ff —
PR b 0] Sz e 4 B K B )R A E R A . NLR FE



< 124 - i AER A B2 2 ki 2020 4F 2 A 55224855 2] J Clin Ulirasound in Med, February 2020, Vol.22,No.2

Shy— o SR A 1 1) SR AEFR B L ZE R O I A DKL
TSR IS W Tz BT ARG A SRR,
4500 ) Jok R R P T R 1 AR LA A R, LA A
ML WBC NE FINLR 8 , 1 LY A, #2732 10
MU SRS 5 BE T B 2 VA G o A0 BT JR R —
5 T AT BB S NE 768006 Ja T ARSI an 3 5t 4 Jg 25 1
it A 3k AR Ab ) il R S R A K L il T A B
LR HENE , (B Z i 25 53— J5 1T, NE B AT
B IR E 2 ARRLRE , 52 A D ) 58 R 22 A T R
Tfe™ LY EAT 008 A8 52 R R RE , 22 AH R 1) il 32 J&
Pz 1 G S DRES . PR, NLR v] R B ) 3=
2 RGOV HRRAS A A B RE R G A n] ik gl ok
RERE AL B HE R ARRFE 4 8 K I, NLR Al 5%
M) 5 2y Jik B Bk 7 i 5% B A4 104 43 2 1 e ST s % P
RN B 5 Bk, X5 Li 55 R g5 R —
o (HA RS AHFIT A & B NLR 341 1.08,
BEH BT Az 10 S G in— 4, 4R g R R 1 R
SE A E DA BEER BT A I A S R 45 A NLR X Bk
PRI A LA A SR T Y R

AT AN - O A G IR A G B, 7T g
X T 5 45 R 3 i — 5 1 52 1) 5 (20501 ) JUk B e 1) 8 75 3
P AL S PAEAE — 8 I WP, AT R A I ST 4
TAT — 8 B 22 s OWF T AR IR A 5387 321805 19 i 45 4K
O3 I B R, LA SR R | R 45 2 ) A o)
BEHLHE P 1 52 3 sk NLR 5200

Z5 BT NLR 25 i 551 5 ok B e 75 3 52 7 4
(R ST A I R 2R o g FH R 75 5 B R X 5 8 Jok B B
PRI A I ) R AT B BT, A BE SR A )
B, 45 G i NLR 28 467K S, o] LS 6 37 1251 5
PRBEH , AT F 2 A I RV M A

5% 3k

[1] Zhou M, Wang H, Zeng X, et al. Mortality, morbidity, and risk
factors in China and its provinces, 1990-2017: a systematic analysis
for the Global Burden of Disease Study 2017[J].Lancet, 2019,
394(10204):1145-1158.

[2]  Ammirati E, Moroni F, Norata GD, et al. Markers of inflammation
associated with plaque progression and instability in patients with

carotid atherosclerosis [ J]. Mediators Inflamm, 2015: 718329. doi:

(3]

(4]

[5]

(6]

[7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

10.1155/2015/718329.

Schmidt C, Fischer T, Riickert RI, et al. Identification of
neovascularization by contrast—enhanced ultrasound to detect
unstable carotid stenosis[ J |.PLoS One,2017,12(4) :e0175331.
Hoogi A, Adam D, Hoffman A, et al. Carotid plaque vulnerability:
quantification of neovascularization on contrast—enhanced ultrasound
with histopathologic correlation[J].Am J Roentgenol,2011,196(2) :
431-436.

Corriere T, Di Marca S, Cataudella E, et al. Neutrophil-to—
Lymphocyte Ratio is a strong predictor of atherosclerotic carotid
plaques in older adults[J ].Nutr Metab Cardiovasc Dis,2018,28(1):
23-27.
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.

Th LA PEAR 29 Sl fok ofs R A 1 D i R BRI A P ) SR
ARFRLTT. o 55 1 P L SRR, 2016, 2(4) - 284-285.
Herrington W, Lacey B, Sherliker P, et al. Epidemiology of
atherosclerosis and the potential to reduce the global burden of
atherothrombotic disease[ J].Circ Res,2016,118(4):535-546.
Stenmark KR, Yeager ME, El Kasmi KC, et al. The adventitia:
essential regulator of vascular wall structure and function [J]. Annu
Rev Physiol ,2013,75(11) :23-47.

Chandrashekara S, Mukhtar Ahmad M, Renuka P, et al
Characterization of neutrophil-to-lymphocyte ratio as a measure of
inflammation in rheumatoid arthritis[J].Int J Rheum Dis, 2017,
20(10) : 1457-1467.

Carbone F, Mach F, Montecucco F.Update on the role of neutrophils
in atherosclerotic plaque vulnerability [J]. Curr Drug Targets, 2015,
16(4):321-333.

Douglas GR, Brown AJ, Gillard JH, et al.Impact of fiber structure on
the material stability and rupture mechanisms of coronary
atherosclerotic plaques [J]. Ann Biomed Eng, 2017, 45 (6) : 1462
1474.

Abo T, Kawamura T.Immunomodulation by the autonomic nervous
system: therapeutic approach for cancer, collagen diseases, and
inflammatory bowel diseases[J ].Ther Apher,2002,6(5):348-357.
Kadoya M, Koyama H, Kurajoh M, et al.Sleep, cardiac autonomic
function, and carotid atherosclerosis in patients with cardiovascular
risks: HSCAA study[ J ]. Atherosclerosis, 2015,238(2) : 409-414.

Li Z,Bai Y, Li W, et al.Carotid vulnerable plaques are associated
with circulating leukocytes in acute ischemic stroke patients: an
clinical study based on contrast-enhanced ultrasound [J].Sci Rep,

2018,8(1):8849.
(e H 189:2019-07-20)



