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Abstract

Objective: To analyze the correlation between the characteristics of carotid atherosclerotic plaques
and the imaging features of perivascular fat with the occurrence of ischemic events, which aids in un-
derstanding the pathophysiological mechanisms underlying ischemic stroke, thereby assisting cli-
nicians in formulating more individualized treatment plans. Methods: A retrospective analysis was
conducted on 84 patients with atherosclerosis who visited our hospital. All patients underwent CTA
and plain brain MRI scans, and 60 cases were finally included in this study after exclusion criteria were
applied. Patients were divided into a symptomatic group (33 cases) and an asymptomatic group (27
cases) based on MRl results. The clinical data, plaque imaging characteristics, and perivascular fat den-
sity differences between the two groups were compared. Patients in the symptomatic group were fur-
ther divided into mild to moderate stenosis group (10%~69%) and severe stenosis group (70%~99%)
based on the degree of carotid stenosis. Differences in PFD of the plaque-side carotid artery, PFD of
the non-plaque-side carotid artery, and APFD(HU) between the two groups were compared. Results:
The degree of stenosis of the diseased vessels, plaque type, and APFD are risk factors for ischemic
events in patients with atherosclerosis (degree of vascular stenosis: 69.70% vs. 44.44%, P < 0.05;
plaque type: 51.52% vs. 22.22%, P < 0.05; APFD: 30.82 * 3.40 vs. 27.90 % 5.30, P < 0.05); APFD in pa-
tients with mild to moderate carotid stenosis is lower than in patients with severe carotid stenosis
(28.50 +3.25vs.31.97 £ 2,95, P < 0.05). Conclusion: The degree of stenosis in the diseased vessel, plaque
type, and APFD are influencing factors for the occurrence of ischemic events. PFD may be correlated
with plaque stability, suggesting that PFD can serve as an indicator for evaluating plaque inflammatory
activity.
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TG BNV ORE A T BB B BRI AR U8 HIAZ O R [7] [8]. BEHR PN ¥ 28 hE A RE 05 5 BOHTAE L i 2,
AR 51 5 SEE AT (R TS B G v I ) LR D AL 2 b e, 3 6 M SRR A i R S IR T R AR . R
Teb PR 2 Rk R RIF BT LA I Jk U 5% 16 A S 120 i 7 3 R B AR AR (R VPN BB R VE M, LA SR A
J 7 ZE Uk B HOT B I A A R R D AL UR A VR TR YE, 5 TelR S O S 73 AN 5 B B e I 2 A 29
VAR, —SeRF AR, BBNK SR P A B — RS B AR BEAR A, e i Ak 2505 ik R R 7 %% B2 (PFD)
SR PPAk LA SIE[10] [117

AHIETE ) B A2 43 BT 25050 ik S AR A A BXE SRR 0 A0 L ) BB T AR R A R L 5 ot e = 1)
KER, BRI AL KU 73 2 PSSR AT D BR R AR -

2. ENERE
2.1. —REEER

[P B SR AN N 2024 4 7 H 22 2025 45 2 H TR RN #7330k CT & AR (CTA). Filfii MRI -
AR A 1) B ORI 84 9, B HERRARAETRIE S, BZ% 60 5 N4, QAETIPE 44 9], FE4 35~83 %,
FH(65.68 £ 11.25)% &

PAINFRE: (1) P BT 2 AWK e ERE 2 33k CTA f i MRI 4K (2) CTA &
RIS KJESE > 1.5 mm; (3) SRR BT L RS W A vl bt

HeBrbritk: (1) BAIESBGRRERE R AR 1 B3, FlanshiikIe )z, ki, Kbk # 5% ) #2id
G 1ML P9 S 2R B B N BRI BR YA ST I R (3) A 2000 48 Ty s Bl ey s sk 1) R

M DT BN V2R G PR PORE, AR . MERI . AR ELBMI). R s . A sy e if &
L BRI L e R s, DAL AE AR % R B A IH [ BE(HDL-C) IR %5 52 I 2 1 H [ 5
(LDL-C). & JHEEE(TC) H il =BR(TG).

22. LFEWMCTA AR

BT B4 13838 GE Revolution 256 HEZ 28 e CT KA. kLA CTA 3 Bl 3 3h ik 5 2510
208 4 mL/s (VRS ER, 97 KON s RS, X EE AR B R SR AR #E 35 7K 30 mL. 45
WS EHIE 120 kV, EHIR 150 mA, 286 0.982, EES5ZEHEEY N 0.625 mm, 512 x 512,
P eGSR EG R B L 2 5 A3 TAE ST BHR E 5 .

2.3. Fillg MRI H$E AR

K Philips Ingenia 3.0T fi3E4RIHI . FZ DWI F5IZ%: TR 2500 ms, TE 90 ms, FOV 230 x
230 mm, b {4 0 F1 1000 s/mm?.

2.4. FFEBk CTA ElgNE 5iE4E

HT P A4 Bl e B DA AR RO AR DT AE Ja AR B T A i ERST 04 CTA MR, PIALER 50 22 1 i
IRFRE ARG . WEANBFUFEEER I 5 B2HE. AP HIRE RA — B, sl
R I BT B — R

2% Baradaran S5 (5 V5 15[ 12], 75050 ik A F AR 07 2 93 A 502 0 )% 88 [X (RO, BE T & PFD,
e 7 R CTA BRI & 58 M 500 HU, &AL ] 100 HU, 126485 24 57 28 sl ik i gk A2 Ak ix — 2 1
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530020 ik J& BRI I DX 3P, P B 2900 Mk I/ B 1 mm DAAR, T30/ i 5 N T AR 34 2.5 mm? ) ROL. ROI
(35 B, B %o T4 — N B R UL A R, A2 F S s ks e 2 R A0« BREp Ay B8 % It A ) R g 7 4 A X
WAL E . HEEERE, EF3AE RO B EET 580 ik i BEFIARUT AR 2451« R RIAE I
Jiid, AE[R] 2 O (TE SRR A DRSNS B ik PFD . H BESRMISZ) Bk PFD P9 0l S AR bR ic N
PFD1 #1 PFD2, XMW H3 FE AL BE BN 202l ik PED (1) P4 (I & {E A% id A PFD3 Al PFD4,

AR 1 BERUEZ K PFD (HU) = (PFD1 + PFD2)/2;

AR 2. AEPEHNFIS) ik PFD (HU) = (PFD3 + PFD4)/2;

230 3: APFD (HU) = BEHRAMZIIK PFD — AEBEHAM3) ik PFD.

WHE NASCET FrifE P AL SN kB A FERE o MR 200 8 20l R A2 (10%~49%) T BEBR A4S
(50%~69%) HLJEIRA(70%~99%). AHE—L oM, Kz, PR G I R KA A, A
WONEERAEH.

2.5. fif% MRI E{§IFME

HH P 40 BB IR R Pk Je CTA s 5¢ W B MR = S UL _EBRFR U BHE TS 08 MRI El& . 75
MRI B4 I, SR ZER 2 Bk IE A DWI BN X8 A S E S, ADC A ERNERES, X4
PE G RI T4 RAG —, TR R, B —8. Bi2WN SRR E O EIRE, k2
M A TERE IR
2.6. GAtE AT

TR TR DN 5 73 Lh(%) R, I EECRH R R . A& IES oA 2 el I £ i
WEZE(X +s)Rax, PR BRI M FEA ¢ 8556 . 1 SPSS 26.0 St 22337 8403, P < 0.05
FaRB G EE L.

Table 1. Comparison of general information, plaque characteristics, and carotid PFD between the symptomatic group and the
asymptomatic group

F 1 EREMITERAR —ARFER BEREHER FEIbk PFD BIELER

ZH SERA(n = 33) TRERLL(n = 27) 1 P{E

Fn (%)] 24 (72.73) 20 (74.07) 0.014 0.907

(R 65.45 +12.41 69.11 +7.67 1.398 0.168

BMI (kg/m?) 23.78 +3.87 23.82+2.77 0.051 0.960

W R 52 [n (%)] 12 (36.36) 7 (25.93) 0.748 0.387

R S [ (%)) 13 (39.39) 9 (33.33) 0.235 0.628

R IR 52 [ (%)] 19 (57.58) 18 (66.67) 0.519 0.471

BE IR 52 [ (%)] 6 (18.18) 8 (29.63) 1.088 0.297

6090 5 (1 (%)) 6 (18.18) 6(22.22) 0.152 0.697

HDL-C (mmol/L) 0.99 +0.24 1.04 +0.29 0.777 0.440

LDL-C (mmol/L) 2.53+0.84 2.34+0.63 0.996 0.323

TC (mmol/L) 4.52£1.00 436 +0.96 0.617 0.540

TG (mmol/L) 1.66 £ 0.51 1.52+0.82 0.760 0.450

MAERAETEE [0 (%)] 3.896 0.048
B A (10%~69%) 10 (30.30) 15 (55.56)
B (70%~99%) 23 (69.70) 12 (44.44)
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BEHLZE AL 1 (%)] 6.301 0.043
AR5 LB 17 (51.52) 6(22.22)
54k BE B 9 (27.27) 15 (55.56)
VRGBS 7 (21.21) 6(22.22)
FABTE [ (%)] 0.193 0.908
SRR 4 20 (60.61) 15 (55.56)
R 6 (18.18) 6 (22.22)
1B 7 (21.21) 6 (22.22)
BEYLNFZN K PFD (HU) -35.64 £ 10.61 -39.31+12.25 1.241 0.220
JEPEHLM S50k PFD (HU) —-66.57 + 8.15 -67.21 £7.59 0.313 0.756
APFD (HU) 30.82 +3.40 27.90 +5.30 2.670 0.010

Table 2. Comparison of PFD characteristics in symptomatic patients with different degrees of carotid artery stenosis

2. IEREBETEITEAIREIZE PFD $HEELE

BN KA AE R R (B BEHLU )k PFD (HU) JEBEMIFZ) K PFD (HU) APFD (HU)
B A (10%~69%) 10 -40.45 +10.71 —68.95 + 8.64 28.50 +3.25
A (70%~99%) 23 —-33.55+10.09 —65.52 +7.89 31.97 +£2.95
{8 1.774 1.116 3.010
P1E 0.086 0.273 0.005
3. 58

3.1. —RRBERIEE

DT AL R B b WO 15 VAL s < e IS o 2319 N1 SO/ i SN = 20111 ) B o A 9781 N O R
HDL-C. LDL-C. TC. TG. sy, BEHMzizhfk PFD. JEBEERMBIZN K PFD X} b G s 22
FH(P>0.05). WA B DM AETEE .. PR, APFD MHILZE T EEH P <0.05, % 1).

3.2. FERBEBEFETRIBKIREIZE PDF FHEELE

A2 v B SN Ik e A R RN E R S S Bk A B TR B e S 3 bk PED . JEBEHNE N Bk PED %t b &
TZER(P>0.05). Hh sk s 5% APFD 1K T 5 B Hah kB B P < 0.05, % 2).
AV WL 1. 2.

1A}

"

1A: FEWITH CTA, EoR/AMEshlkBER AR &, AP Hes KJZ H 2 | ROI & PFD; 1B:
SR CTA, SR 22 MERSNBRAC BT Ny B PR PE BT ; 1C: DWI BIE A 2 0 i = 5% 57 (s 5 k.

Figure 1. CTA and DWI images of carotid atherosclerotic plaque symptoms
Bl 1. FEhBORHERE BRI CTA & DWI Elf&
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2A: FEWTIH CTA, EonA Mzl kBt 85 b BTk, F7EBT i K JZ 11 %) | ROI Il & PFD;
2B: ZRT CTA, S MSRsh kb BELe o mRHEpEL; 2C: DWI BEHh ER 4 &E 5kt

Figure 2. CTA and DWI images of asymptomatic carotid atherosclerotic plaques

2. FEIHORRERELBERTAER CTA & DWI Bl

4. g

AW T MRIGR R 2K RERE (L BEHARAE % PFD 5Bk i ME A R A6 5o S BBk
FEREAL R R AR B M A B RS, XS0 AR b= A, T 2 S — 2R 0 p s B
FHLE], SEERIEER, RS BURE R A MERE. Ik, A CTA SREM A b & A I fakH %,
R A5 F 1 B R] A B B 5 o 5 AN KUK 53 2 T SR L

AR5 R B 2 LA T 00 7 PP 5 o ) 2 A D oA I T e 2 TR P A S M M D4
A R R R ALkt WU R, MR R, A R K 131-[16]. EIREAE
R R T A B R A B, Wt E R R H R R (17 [18].
7 E A B R R (Y A TSR AR I S T B TR s T A B A LA e A (i
B B RO B T R SRR E S . AR A TR S A g SR 3 2 (10 T R 22 5

TR, F 43 23 CAN IR B BEH S A AE T Sl i 44 252 XURS: A 1) BB IR RANEL[19], LiRBF R R T,
BB A7 (10 0T B K RE R AL B FE 24 VR AR o KRR MM B, 2T I BB T U A9 R 4 (Bt
Hoy. SFUEVE. BN VRAVE R BRI Y ISR AN RIS A (B H B RS IR I A AT R R
RIS : & & IR BEE 5 T 02, WAk L M BE AR A RS2 [20] [21]. 33— A JEE 253 5h 2 230 ko
o 5 HE M LA A s ) B BR AR E PR . CTA TR ASBIIKBE I — R 58 2 F B, sl i By CT
SEIRAELHEAT Y R PRI HT o X — B AR B 0 AT R I A S P K T B2 T 1 1 7T i

AT F0 45 B TR AL 26 % PED B9, FLEEHON PED 5 TR BEHM, 18R T 2L It 50 & 4 o 25
A L) S B0 AR 52 R PR TR A I B 9 R I AN 4 S it 5 ) L R 2EL S ) 43, A
%5 LT B O B % S M P S R s 0 o LK B O R P, e 2 2 St Bk o 5 L
FRAN [F R VR AR D A5 E[22]0 3043 WFFT[23) R, 2tk TR BN Ik - HF B85 11 54T B HL P B I 3% B v T
AR SAEBEH, U R B k7 LR 5 18 R LA A VP A BRI 5 AR M R BAR R A . BT [24]32 90, B
FEREAL S 205450 PFD 235 5 TR, X — RIS ABF I B — 50 #E— B T AW e ss 11
AT, T F T RS AT ST 2/ ST 2 B 0% S0 I Bl A 52 I8 1R 78 A AT A, (E iR R
DRI 0 5 5 X« AT 20 P 5 22 W A T R e S 2 B . AR SR CTA WL PFD, B85 iR Ml
it Bk o B A B I, 34T A PRI I S TR V7 3R T — B B8 5%, JF iR A
HHA . A2 R B IGRTT PR R . ST LRBFUSE R, SiBhk PED X R S Sl ik 4 BA Uk
(R Ve, XA AE S PFD Al e i & & FBLFR 7 L 90K A A S KBS L B8 A 5, T A PR 4
BT —Fh IO, ARG E AR, B TR CTA R h R s Bk AR A&, T ki
e A L ) R 42 5 LA T
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AW FAFAES T AT 2B SRR . Ho—, SeREWT R 78 Bt A BT BRI, B 50 BT A A2 e 3
R IE]— B TA) SRR, AN R s A0 Kk SR R A A R HRARRAIE I ] LT 0 % 5 e i 2 v e R A B i
RIRFHE, A REHERR S B R, IR VAL & Fabn 5 4 AR LRI T R R . B2 i R Wi fa 1)
MAEFIAEEAL, JRATRE S m FE M g T L 23528 73R 00, A IA) SRS RAFAE — IR % . HL =, AW
FNFEAR ARG, FEAMEE R 2R IRS T 2R, W REFBOH 2 95 BB AR AR B RIS 45 53K
FoEte. EEMAANBEIMERE IR, ML e B B R R SR T . B =, AT i
BHBRFEZH, S0 PEYAGE RS 8 H R DT R 1 R B AR Vi 8, kiR el &R R
PO RS A 2 R AN FEFRIFRRFEAR . 2900, KAV RTIEEAFIB 7T, P
AL LA LIS 7% . DEVRRAE T i 25 o A R U A 8, 5 3 I R KU VA 1 2R

ZE b, HBBKIAETERE . AR BEHCETL . SiEk APFD Skt R AR R, RRT
BNk PFD TEGR A FHAF R (AR AL, AH SR &6 FExt st k28 ip MRS 2 2R R — 2 S5 R
X
= B

AHIF FURR 2 R R 2 28 DU J8 = e A BE 23 R e (R Ik 5. KYXM-202605-011).
E&WMAE

I3 % 2 Bt A AL I 2 JE AU H (BYTM2019045); £ 15 27 15 3 2 {5 22 R0 00 e g B et S0 =5 (R 3
= 24 B8 )— B 15 H (AHCM2022W001)
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