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Research progress of multimodal imaging technology in prostate biopsy
WANG Dongwei; GU Yingying, TANG Lijun’
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[Abstract] Prostate cancer is one of the most common malignant tumors in men. Prostate biopsy can directly obtain prostate tissue
samples for pathological analysis to preoperatively diagnose or exclude prostate cancer. However, as an invasive examination method,
it inevitably causes complications such as bleeding, infection, vagal reflex, and acute urinary retention. Therefore, reducing
unnecessary biopsies and improving biopsy techniques are crucial. Currently, with the development of various imaging technologies
and artificial intelligence, the techniques for guiding prostate biopsies are gradually improving. This article aims to elucidate the
advantages and disadvantages of prostate biopsy techniques under different guidance methods and the research progress of new
technologies.
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A 51 98 (prostate cancer, PCa) /& 4= Bk 55 4 &P AR TR IR RER KR T
B WEAE 2 —, FORR R AR BN AL 2WBAMER, 2SR AR BN KB St
JE 5 2, AR 2022 4 [H K AE L G ih, PCafi ¥ T HEZHUTBL WD T AL ER)ER &RZ, F
A EBERW 6 A, FET-RAL BT, 2 W WED T G RE M S S PR R
PR bR vh i B 2N 2016 TR 3.5% BB SRR RIER KA
2022 1 5.3%" . WEZHBFEYCH O TP e s
W1, S 8 U 025 T 7y ik 5, L 1 BERARERFIRFRIER P IS
Xt fa N AT Lt Rz 2 R B AR A &K 1.1 %2 A A8 # (transrectal ultrasound, TRUS) 5] §
FB. FRNERZEARATHIZ PCa bRk, H AT T AT 7 B A& S F R| % # (TRUS guided systematic
- biopsy, TRUS-SB)
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12, TRUS 8 3 B A\ B P 4k, M FH v 4078 g 2
FSCHT 21 i S ) B2 2 SR 5248, S i 8 o )
[e1), 9320 ox Jel B2 242497, AN T 5 A 9o A DA EAT
FRNER . — M TRUS K H R G EIRE, 8 W7 %
9125 BUREE GRS L BORI AR - B 2~3 1),
A EE T A CAnAEC Bl 75 X)) w] &AM [) BORE o {H0 T
/N e IR RE S R R AE S W G A R N RN
TRUS H) REZA L, A REFR TRUS 515 F F H)E
A PR B P RS H 2608y 30%~50% - PR I B TRUS
WA AR 55 T #AE B A B, 72 Im R B R H T
12 ABATSAEAE S W RLREAS A2 11 I R

1.2 A8 & 7% M A% R (ultrasonic elastography, UE)

UE & — P i I 5 20 2348 32 D R3 T B ALk
R SR VP Ay FL A R M Y R AR R, PCa it LE
R PR 2H 23 5 SR IR A, K] b J s VP Al 2 2E 2R ) A
B, AT LA B IX o R RS AR e AT LA
1 I OR R PR Sk 5 A1) R P 3 2 B ke S 2 FH L
k77 O 48 BB U3 ) B 2 23 i, S8 I AN R 4 21
SRV Y AN [0 10 € s 50 RS A SR A 7 A, 90 1 4R
T TE B0 P S J A IX 3, LK S 1) 5 ) B A, AT
17 RNEAS o HRAE I R R AR R SR N 1 s
R SE , 8 G R4 AR AN 2 51 kS 1) RGOy S A s P 2 0
i 22 . UE G35 BT U1 3 1 iR (shear wave elastog-
raphy, SWE) FlSZ ] 3514 i £ (veal time elastography,
RTE)",

SWE 38 it Wl & 8 171 9% 75 26 23 r 1 A% 15 3l ok
PEALT 2 2R PR A P, S 2H SBR A , 5 7 T R e R
Anbarasan %" R4 [A] B3 BT T 16 WU 50 45040, 285 2R
7R SWE 1E PCa for ll v 1) £5 & R B FIRR 7 2 1)
H85%(1936/2277).

RTE W 2 38 i Jii o 41 77 5 iz i i & 26 23 1 |2
AR AR A K S Wl 2H 2R A S iR T L 2 R 2
Fe) 0 5 52 M B 32 A v, £E RTE o 38 I 9 IR 38
X', Emara 55" K HLIE ok RTE I & 5514 L &, ]
DL 2 X0 1 91 i R M A, DASRPELE 2R 1.9
R E , R B 100% 1) R B0 | 93.8% ) %5 5
79.3% 1) BH M TR A 100% (1) BA 14 T{E «  Basnet
SN SR, RTE ) PCa £y H 264 82.6%, i %
FH—HHIER (50%) F1 TRUS(47%) . [F I UE 1
N—FA PG TR, 325 7 PCa ki Hi ) R BUE
HVRE 57 5, Be A RICHR 3 Al 510 Jl 2 A o
1.3 A8 & & % # K (contrast - enhanced ultrasound,
CEUS)

CEUS 3 e VE 5 & A TN Ui B 75 a8 5 71

TEHE S I AR R IR A R S S 5 5, SER AL %%
T I 7 P R R A, B a2 AU R RE, DAIX 43 IE R
AURAR A, T PCa W A8 4 8 4 I8 4 K
CEUS RE % 15 BT 2. 715 Jifog DX 3l () i i e 11E , 5 R
RO BIRIG A X 73t W&, B 1E 3 75 2l
SR I 5D 3 S0 RN e I 0 BEG EE  ORT Y
55 S (L PR R AL | SR AR SR Ak ER B af (X
X L REAE T B85 MR AR AR O . R B 7R B DI
SRR H RS ARG BB, H IR PR A R 2
ST HOREIR IS, 75 37 B b3 56 R AT R kb .

ik BT 207 51 BE AL PCa F 38 AT R AL, K
PLCEUS 51 5 % il R % 2 899%(93/104) , 5 57 /%
9 78%(81/104), T TRUS 51 5 N B R EAN N 65%
(67/103), 45 5 FF 4 60%(62/103) »  LiuZE""%} 137 451
AJ %% PCa B 3E4T CEUS A% J5 FE47 TRUS 75 4%,
FH 1% 28 9 73.1%, T EL#E33E 47 TRUS [ BHAE AL A
42.8% . SRM, CEUS HI12 W R AE 5T 51 BRAS [H] [X 35
EAEZE S, JUH R AT FI IR A0 A2, A H 2R UK
Xie ZE R I CEUS Xt 5 471 i 1 A5 i 0 72 i X 3 A7
B R 2 WAk RE AT A IR R A A 2R R
T 0.833, (AFERF N 0.772. % T CEUSHERE
SR 1Z2 R0 A IR AL, TRk, FH ey 4 5 T A1 R
oF FTE RGN A ANE R

2 EEHARSEAERITIRZ RGP AIZA

2.1  Z5FE Ik (multiparametric magnetic resonance
imaging, mpMRI) B4 3] F F F &l & 42

mpMRI £ T2 SIBLSAZ 5 HOIm B G A sl 2
X B 5 B AR SR VR 3 A E AL AT B8 i, 24 PCa Y
AW VELHAS B, S8 )5 £ mpMRI SE B BT 52 1 4%
N, H mpMRI e K 7 R B2 B TIE R AR 2218 40\
FUAR DI, 48 T 7 for RS VR 1 35 DU 83 4 SURE AR
TR 5 kAT EAB S 0 o R K, B v i R v
Mo H51S N BTE R BRI N2 12 W R 2 2
% PCa (clinical significant PCa, csPCa) [P R 7 12,
I AER A 7 2 T Fe ik e

mpMRI 5] 3 T A 51 i 5 R A A B TRUS 51 5
R RA R ENH, TTHE R esPCa KR F . £ —
T J 626 141U A 6 1) 2 oD AT I OB
mpMRI X esPCa HIAG i %804 25%, T TRUS N 23%
5] B mpMRI ¥ 2> T 89% I ¥7% 6 %t %, I 7 5124
U B 849 AN AL, 55— IUE TG 275 1 AT B
PCa f & BEAT VAL, &I mpMRI 5] 5 A #E [ 3 Aax LE
RGN Z A H 20%01) esPCa Ji 7]
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5 4k, #1 B TRUS, mpMRI 5] 5 8 2 fill 76 $2 &
PCa o7 H 28 (1) [R] I, FEARCRETE /D o Ty S0 0f b T
WA 28 ) 7 =UIR IR RORE R AE S, R I mpMRI 5] 5
TN B 1 R O RORE R AE R ON 10.29%, L E AR T
TRUS(23.28%) . #R1fj, mpMRI 5| 5 F % ] t 17 7F
— R, 2 W AR MR AR TR E R A SR
RS T B S A R A O 92 W — 301 T R AR AR 22
S [ B AR B SR AIE TG B PR, IR 2 MRI %
AR, B IEAE A & 8@ R AR A X

2.2 MRI-TRUSE#& T H#RiEH#

MRI-TRUS filt & 432 A8 26 MR A 2000 7] %€
PCa 5 TRUS 520 5| 3454, RELR B MRIXS SEALL AL
R v 2 A2 (AR A, SCE & TRUS #4F Hh 1 siz i i 45
e, X FpE B B 15 45 & Re A is ik A2
ARAG 5 B R A 1993 A8 7 AL 35040, T S B AT
55 PCa IR i € AL ANTE RS . H BT mpMRI 5 TRUS
2 P L ) 2 o R 32 S DA R 2 ) R
G E 2l

RN Rl BOR A T E# &5, i
XT EE MRI A TRUS B4, 34 MRI AR 71 AT
5E 3 4% r B AE TRUS IR g A7 brid o IXFh 5 2%
AT B IR Rl A v A (RO T A 2 R
) B fiAE R0 6 BB S A . A — T 32 49 ER T
FUHR, R R AT DL O RS OB R
RN 86.1%, I AFAE 7N 69.4% , 9 K (1) 5 K A%
1 PI-RADS V¥ 7355 72 A i fff A I 35 52

G Fil & B AU Bh B Rl & 2 % MRT A
TRUS EI& S8 200, T4 mpMRI R %8 J5 kb 7 8
IR RS N S ek VA | P S (R DS el
) A 26 2 AT BB C HE L B % MRT 55 TRUS §21%
FE 75 (8] E B RO 55, SR G AR AR fil & 52 AR T s A 1
A7 5 JE R ), BRI 2 A R 2R T B AR . TTAR
P 75 B B ) R 5 RGBS A, BRARAS
TRIZRRER L

Rl B R B8 S 3 el D VR T SRR D AN
B0 2 ) R A DT PR AR 2 SR A OQ IR R IE o AE — Tl
W 58w, 72 4091 U 3 A BB R A MRI-TRUS fil &
AR B3R BT Bk > T 63% , MSF- 18 12 s b B
4.4 %, 1 PCa IS H 2R 5 RGUIEVERLAR 42 7 —
Tkt 376 4156 i RGu v IV R it T R, 5
TRUS At EF MRI-TRUS &3 A, csPCa 14 H1
R FE N (28.7% , 52/181 vs. 24.6% , 48/195) %,
AN, MRI-TRUS it 43 A 72 Ao I 717 1) Ji 750 FH 2

0 ) e AR T TH 2R LG O HY R T B [X 35k TRUS ¥ s
PEAEME DAHERA DAL o« 75— IR 423 AT AL &R
AR I B T, 549% (228/423) 1) #2318 1 41 i
I R LA 5 3K 895 4 7E 2 BT 10~12 &5 TRUS 5]
TR AR BER Y, I 66% (150/228) 1) #38 MK
DA T2 g v g XU PCa™ . PR MRI-TRUS il &
FEREE S T csPCa ks H 28, H sk 1 %8 I 9 RO,
A #E MR E SCREHNME -

3 B3I BR 45 5 BE 1 IR (prostate specific membrane
antigen, PSMA)PET/TRUS gt & BT 5 BREE (5 ZF R 7EHE

PSMA Hij #1) i ¢ 7 i 5t Ji (prostate specific
membrane antigen, PSMA) J& —Fi £ PCa 4 fl 2 1f] =1
JE R IE 5 2 1, R AE W R 2B A R 1
PCa . [Fth, PSMA #\ 4 & PCa 1297 1) B AR HT
AT PSMA B[] (1 JEU P 7R B 71 1 Ga-PSMA
8¢ "F-PSMA, 1] LA 2 PCa i &t , HH “Ga-PS-
MA-11 PET/CT H 8 & NG, B BN 12

“Ga-PSMA-11 7 5 7] 75 2 368 o i o 49 1) 7 =X
TN B R P AR H 715 B 700 PR AR A o5, o 7
S 45~90 min DA SE B 55 A (100995 A 0T BE S 0 AR .
AR T % VISR 8 A o g Xk B A AN &
S, A H IS O, T S B SREUR B ) SR
Jith o [ B 45 4 Tk R R P A A BT R R AR
(as low as reasonably achievable, ALARA) Ji£ U1, #4F

AR (Ea SRS/ GRS)I'E IR eviN =l 0
LR fl B 1]

454 PSMA PET/CT 5 TRUS 51 % F HIEL &6 16
i A, PSMA PET/CT fg & 7~ PCa 41 2 (1945 5 7 70 1
RIK, R RME G AL 5 KDL N B 0
kb, TRUS &L siim #:4E 5] 5, ZHEEHBE A
T B A T b DA 1 0 I AL R AR, RS
B i) 25 ) FRORS B B2, AF EE TRUS (2 25 42 75 7 PCa )
ot e

FE— TGH N 120 151) 5 25 1 5 mpoCo 17 S 12 1F
e, 4 120 4 1037 PSA>4 ng/mlL 1) £ & B KL 2 12
F] PSMA-PET 8¢ TRUS 41, PSMA-PET 4 f#] PCa Al
csPCa 6 Y % (43.3% . 40.0% ) & 2% = T TRUS 4
(31.6%+25.0%)"" s 1F 53— Tk i , 88 ] 1=y 4 5
Ll PCa H. mpMRI 25 5 ] ¥4 80 24% = 1) f8 il i 47
%Ga-PSMA PET/CT 5 TRUS Rt & 5 A 7% 46 46 W
3345l PCa, .1 14 1l #% B AR 17 73 (Gleason score, GS)
64, 19161 GS 745, 2491 GS 10 47, i 45 R K I AE
15 B R BE PCa B, U S0 HIT IS AH/EE mpMRT £ [
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P, {H *Ga-PSMA PET/CT B85 #5031 51 esPCa™
A, BTN, B A mpMRI AT PSMA PET/CT Hf%
FERE I PCa T Ji5 J53 08 52 R 040 BH 1 T A vy A
97.6%", [K| It 4 mpMRI F1 PSMA PET/CT Bt A 46 7
(1 5 A% B, PCa WY J5 ST 82 R 1) f8 3 T
L2z A i As 5 R o A S 78 A R AR A 1) 2 ) A A
o, PSS A TS s A T

4 SZFEHHT BT E$33E (optical coherence tomography s
OCT)5| R EFRIE

H 71 PCa [ 4% 4 AR @1 mpMRI Al TRUS #f &
1822 W2 T3R5 B, (B ARO0L 2 T ) v B R 45 5
T PCa ) % FVG Kt 2 S H E . OCT [ David
1991 A2 1 KR Y, B A T 40 4 28 3B 4 445 il
SR F R, PAIX 3 A R 4 SR B o 2 5
IR H, B A AH S S 40 R AR % 1)
RO A B . TR 2 30 AEH, 8 BE AT
KEPBOCEAR 1 5 73 HE 2 OCT T SEIL 3 wm A
[F1] 3 R 2, SX P iRy 23 R 1K U R 7048 OCT A 75 22
I A ) 5 R R A1) D T A R 2 R A R B ECOR
(I8 SR 3A

AT 20 BIAR 76 P 1 51 BR V)R A S5 1 A
IRBR A AT B R AR, 3R15 17 106 > =4E OCT #4f
B, S ELRAT TR MRUCHD, 45 R EOR, 1ALV
H 1 RE PCa for il A4 R B5RE FHRR 37 B2 43 0 O 79%
F188%, 7 — 1 vPAiti N 88% N 819%™ H4b, — i
TEARTIAT VERIE AU XS 14 BB 1228 PCa (1 B H AT T
JER RO BN BB R OCT Bt , #2448 7 SEiT .
17 FE A I R, IF Re 0% R ) PCa ZH 23K HF
fIE o ZAFUUESE T 75 I PR FR55 Hh A X 6ol 2%
GHEAR AT AT MR 22 A P

IR, OCTHARSLIL T 1 pm B4 HE R UL, B
FEN G A B (0387 65 1515 51 B A A 34T OCT
i, KRBT RN o R T 2 AR 41 4R 0 40 e &5
F, X Tz 4 OCT 7§ #1 i i 4003 A o 103 /-7
{5 A RS o Wk 74Ty B R AR AP SELG , B = K
TR IR I PR 2504 S FF o X U PRI 75 Zhd@ i it — 25
(IR Y IE 5 R IG PR IS8 SR 4T 8, LG IE OCT $ A AR
I 370 i 2 o) 75 TR P S P P R T S

5 BB T HIZIARE RIIE

B B P AR BOR R, PCa 27 31 35 A6 R BH
P AW AR v, (EL R AR A b R AR T ah AT,
MR N R BB LS, 5R HORS M AN g

R EVCRAE T AL 28 N 5 B AT 2 B o ) A 45

sk R G 3 R A S B Er e iR, nT LA
SRS HETE RS . B 2 A AR R, 40 MRI I
TRUS &, % RS TAERAE F ZARE AR BB
KA B R A SRR 2 L B R AL 5] 5
RSk o7 I 5500 B, B B R e PR S B AE
AR,

5, B AR5 2 mpMRI 4, DLIREUAT
1) i 1) 25 A R S5 AU R DXk 1 s 0 R U K
5 PI-RADS A #E FH 750 B B2 U Am v iR 8 i o R
o, ML N & 4ol TRUS S 35 BT 4710 i ) — 4
B MR . B S, 38 W AR W P AR v S
2% MRI M8 5 TRUS B fl4 5 28 BCRT 51 ik — 4
BERL, S v B S 0 B S S, SEBLSE R R 1 5] F
TERI SN G, MLA8 N R S8 H BT B R LRI, &5
&K B AR R TR A S (PR R A
H, LASEI % A S A EUE . B S, ATUARE AR
IR 8 N 5 ) 5 1 2R 7 28 o Rk A, O
B 2 Rl O Sk RE 05 TR B el R R B AR N
Mo MR T N AR 22, i G i S
FSAR M A RS TR Sk I8, 32 v Vs A 9 R T 6 7

BT MRIFEE 75 Rl (T2 Nl B 3 [ 35
RGN = esPCa IS H %6 77 TH R LA 57, 5] B T
PLK Rk b FE RRE R B . A WF7E R B, HLas N4l
BJ (4 26 4 ) 3 1) Y A ) esPCa K H 26K 46%, 1E A%
Jei SR FE RORE K HE BN 13% , B0 LI A2 K U B
(109 ) FH 75 T2 155 R gk 1) 7™ B PR HIR IR (290 , AN
145126 PR B SRR ) o WL N B 1100 28 TRV AL R
IR i 76— TP Je 57 1) &3 (O 7T o, BLas A
B MRI 5] S35 K6 1 PCa K H 295 5 67% , B L
T #R 100%, BT 7 03 o i (8] {4 35~40 min,
10T 3l A 5 2 ) 28 3k 4T MRI 51 535 K6 10 i 18] A
45~50 min™,

JUE N N Bl B a0 51 i o s R R R TE K
Al 4 5 T B A B SR B (BT AR A — Se Bk
51 a1 75 T R e PSR Rl ) A i e R S ek e
[ B B8 N 3R Gt 1) v AR R AR 5 2 P PR ) T
HAENGPR A i) 2 B o 3 2 o) JH 5 A
Pl KKK FRIIHT S A =5 .

6 AN L& g (artificial intelligence, AI) = 2 ST ik
&5 S4B EFTFIBR 5 R B

AR, ALBOR IS | 2 2 k8, Rl R 7E 2
AU XS ALK TR W RE RS 1 35 1 5 25
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PR I7 AT 55, Gn s Al 3 28 R0 TS T, sk
8 2 (PR 48 SRR ALBEAE (2 1 PCa (1)K #E 12 Wi I )
AT vk

T L H A% A 1 — TR R AT EE R S
MRI-TRUS ()45 4 . MRI-TRUS A %0l & H AR AEIR
KRR A T #4048 56 R0 6 MR 20 115
Lo I I T AR KN AT B 5 P A5 A X
MRI BEUE AT B P VPAl 75 2R = 1 2 AR, Rk
AN FAE R 2 [MAAAE 2 R e, B ALVPAl T R
S — e S WL iR S 5 Y MRT S RRAE DL &
— LU RFE N AR . TSR AR LG, AT R
% VR AR R T 4S5 3 TR ) A IR TG V2 A I 34 1)
TROULAURET T, DT A58 2 T B ke v o

ATFTMRI-TRUS £ i 28 MRT EUZ A% 2|
ALEA R, SR G AL R BB 5 H 8l 5 E A1 5 AR
FR DX 3R esPCa X3 J5 88 AT R A 22 56 117 471
AR G895 A2 HEAT VR AL R, SR JE 18 i TRUS
AT F ARG . 75— TGN 419 1] g it 7
MRI-TRUS-AI SZI @il A2 csPCa K H R A 35 7K
(58.64% vs. 46.56% ) F 5k A 55 22 7K 1 (61.47% vs.
47.79%) 1Y) 5. 2% & T MRI-TRUS A %0l & 419,
T I X5 N R R esPCa IR HI 26

{H—ANF () AV B 5 ER B REAR TN SR, A ]
DA By S0 385 AR 5 DR B WL AA AR 22 2 L5 A 6 7
PRS2 h T R AT SEM AL R B e B, FEEIF
JE£ 2 SRR AR A AN I PR A B FR 2R, AT = 4E St
Rl 52 AR A B AE 141 i 2 SR A R TR AR
F HESREHER 2R JE

7 BESRE

H i, B8 PCa K 2 B AN BT B FHFIIG PR .12
BRI i, & P2 AR R AE 28 50 TR A Hh (1 B P R
FPRTE T AL ) A AR RS R AU . M B
G ME BB IR R BUR — 7 5| RiE R, AR
B HAR (o UE At 52 4 R - mpMRI. PSMA PET) fig
B YR A b VR 3 I 0 SR A TS S 23 ORI AR, AT B
IR 12 28 AR/ AN 06 21 2 0, IR o I L R e 5
I IRE AU o

ZEAr R UL, AH L TRUS-SB I BH A4 4G HE %, UE
5 CEUS "I g mfar th %, 15 51 80% /¢ 44, T mpMRI A
L5 TRUS & B4 1) 15 A 7E esPCa K HY U7 THI 23 B8
., PSMA PET/TRUS filt & £ A 7 1 UK 5 mpMR1
FF 4 58w R T e, LA AT B RN AT = 4 SR i
B R AR MLEZ 3495 5] b RIS HE . w3/ X

JE R BRI 5 TRUS-SB 5 58 18 15 0% 225K

&+ % £, CEUS W 75 23t 5257 ) 8 I, mpMRI %

Rl G B AR R 3 42 06 TG T PR R 1 SR A

1, PSMA PET/TRUS Bl & HR i % 5 7308, HLa A

AATF- 6 IR e &3 FRERRE A $5e AR 22 2R [T B,
H b, 5 J= BCH RO A n] 90 56 3% #% TRUS-SB,

UE Al CEUS RIAE 8 75 1 4h 78 T B mpMRI EL 425

TR S SR TR i B A 75, T

& T IR EE S T2 G A A S PR A

PSMA PET/TRUS filt & i AR 8 1& & i 16 U AR 22 A

W, T OCT AL a4 A4 B A AL = 2 i 5 WU 72

A JEE e PAS 75 SRR A 58 o o K vl 70, il R

REFRAL T RIEZ T BRI
SARTE 5 2 B T AR BORAE /T 21 i 28 R A

HH RN P I AR T PR K e B B, AR R IR R T T

e A TR M R AR BB R T L BRI ER AR AR R L S

H 3 1R A R LA S E R 22 2 RO R HE S A AR

BT WA WAL BRI, 15 R 5 R A

A R BRI TT ACRE I 1R IR, 2 3 42 TH I PR A2 Wi (1 14

Tt ,  PCa FLIR Y R Wi ARG VR T SR L S 7

RIS HE
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Imaging research advances in carotid artery perivascular adipose tissue
LI Wenyi, LI Cheng, ZHOU Dan’
Department of Radiology , the Affiliated Ben() Hospital of Nanjing Medical University s Nanjing 210019, China

[Abstract] Perivascular adipose tissue (PVAT) of the carotid artery is a specialized type of adipose tissue closely adjacent to the
arterial adventitia, possessing unique anatomical and functional characteristics. Unlike ordinary adipose tissue, PVAT releases a
variety of bioactive molecules through endocrine and paracrine mechanisms, interacting with adjacent vascular wall cells and
participating in the regulation of local inflammatory responses and vascular homeostasis. The inflammatory status of PVAT is closely
associated with the formation, progression, and vulnerability of carotid atherosclerotic plaques, while also playing a critical role in the
development and progression of cerebrovascular diseases. In recent years, with the rapid advancement of imaging technologies, non-
invasive assessment of PVAT inflammation has become feasible. These techniques provide new tools for early identification of high-risk
patients with cerebrovascular diseases and hold promise for optimizing preventive strategies and personalized treatment. This article
systematically reviews the pathophysiological mechanisms of carotid PVAT, the latest advances in imaging assessment techniques, and
their clinical application value.

[Key words] perivascular adipose tissue; carotid CT angiography; atherosclerosis; cerebrovascular disease
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P EYDAS ], X PVAT B VEAl 7] 4 28 4 5 47 218 1fn.
. AR, T PVAT HIBIF 080T 52 310k, 2 156
RBNEK PVAT FIAH AT 78 CAUESE PVAT 1 CT 38 H
BN SRS FIBEHR 5 v 2 DIAE Y. 303 ik
PVAT ISR 22 RRAIE , 4505 30 T 30 5 20 5 Fik 3 ke
Gy AR AEAE DA, 5 M 202 ik o RE AR AL 1 R AR R
J& , R 28 3 BB Bk PVAT (1) 5 SCRTA W 2448 F
GINAN-Z =55 % A Y& PS4 = aib] 17 N YA
T AT 2508

1 EzNBk PVAT B9 E X FN4E YA€ FHLH

PVAT /2 5 L8 HME K AER IR T A, 5
M8 A B I8 ] 1) 52, 5 &0 3 S ) ik UL/ B 2 ()
T B — AN AFDOS JST. () 5 460 B0 , A7 AE T o I AL 557 41
0 R0 43 1L 8 ™. Antonopoulos 55" ik — A4
PVAT & S5 I8 i AR AH 45 FE 19 P8 (9 s i 21
g, X — % E M T E R EAR<2 em BAEATS) K, i
XTI EAE>2 em BIAK, PR PVAT #2815 451
SO IESMEEJE B 2 em YE R N I RR T AHLZA . 35i5)
ik I ELAR — <8 mm, FH KT R B Z) ik PVAT W] &
Sy B EN ik FE R 5 A R AR A A EE RS P 1 T 7 4H.
ZUE D,

The luminal diameter of the carotid artery is defined as d (indicated
by the blue line in the figure). PVAT is characterized as the adipose
tissue surrounding the vessel wall, confined within a region extending to
a maximum distance of d from the vessel wall (depicted by the yellow
annular area in the figure).

1 FHEKPVATSERE R EE
Figure 1  Schematic illustration of the PVAT region

surrounding the carotid artery

R R T L 2R 1 €8l 1 R G R AR
R, T KB PVAT /RN —FRE R I IR 7 4124,
FHeE 8 BRI AR G R T 0 U R, R
MR (%) 48 R 2H SR T BRAREAE . PVAT B IR 197 4
MOAR AR TE /N, 3 AR B TEA, Re 8 2 WA B 22 1 40 il
Rl Rk, PVAT /£ Dh g b B 5 5 B0 i 41 23
AN, PVAT AN B8 8 S 21| & A% 1 52 £ 2 Jik i B 25

R 5 3 B & p R B N 23 e 55 70 W Th e, AT
R — R AW L 1, 5 B 9 M DhRe , £E
RAE SR A FE A4 EZAE ™. PVATHY
73 U Dy B ML AR A H I T B P (B 2D .
FEAEBRETS, PVAT L il — R L E R 1%
PRt — SR A 2R I BB 3R 5%, A LML WAL L A
RBUEAHIORIPPERT . BR ORI R e R IE
(] f# 1% BX &% 11 - 1 Cuncoupled protein-1, UCP-1) 7£
PVAT ol ] LA 3, UCP-1 7= # I FE IR 107 41 g , 2
P B AEREALAE T, I H UCP-11E £ /b i 1k
% (veactive oxygen species, ROS) [f] 7= 4= , 2 2| 1 %
A REBR ORISR B AR AR L e I
R« e MR S5 2 B0 PV AT, {2 43I ThRE 2R 4T, N AR
O R SO Y T A AL R E 8,
TN R 980 5 I 5 55 3¢ 1) ko Ao el A A A K e
PVAT [ 1 385 3 e & A A i A 23 748 1 1
BECLh &b 1) N 7 i 2 e I A D g DA, 2 TR 9T L 4
tH PVAT 5 &3 1M BE 2 [R) 38 A7 AE“ H1 Y 13 0 B A5
AL, RIPVATH 2K B T I8 155 0 W5, 28
Ja PVAT 2080738 [ 5 BT A5 FUIR 07 B -5 F) 2k DA
[ Nz, DT RS 55 70 A A P B8 Jt n 81 1f 7 B L
BN AE R BURZS R 5 ML BE 2 WA i B A =
A & [ B PVAT, 8005 1o S0 A0 1 W 4 338 5 0 s
S ARAS 5 Tl B, BETT 51 ROR KR KT L
P RAEPLR HUEMAE ™ o B2, PVAT 5 3L4%
A I A BE 22 T S DA 2% B R ) A 5 A4S 7 ) 5 3K
FHELFZI Y o

RAE AT BB K T B8 5 H R A R TR 0
2 I RRE LR AR A BB PVAT i,
S IR N LR 00 A A0 g 107 5 B 189 A . A
I, 5] L S FE KM, B2 S BPVAT 1R
Y RRORN 2 B R AR AR SBNK PVAT AR EA
Al AR A A o B AN A B, AT AR D9 350 ik
MV SRR FYMILAE SR RS, SEIRT AE ) 58 LA AL o

2 IENBKPVAT G ZEHARLE

2.1 #Fhk CT o8 nx 4% (CT angiography, CTA)
HB K CTA Tz B T 3080 Bk B9 B 6 B oF
fili o CTA BEIE & 20030 ik J& [l g W7 % ¥ (pericarotid
adipose tissue, PFD)F & D UIESE 5 48RE A ¢, F2 %
BU g 20 LA 55 73 W 1) T Q9K 51 4R 30 18 Jo LI
U7 223 9 F I o7 4 2R B 92D, PVAT | Sl PR AR
NIEARIES . N T EERRIX AR, Anto-
nopoulos SR H T — I QI KR AR —
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PVAT: perivascular adipose tissue; UCP-1: uncoupled protein-1; LPO: Lipid peroxidation; SMV : smooth muscle cell; RBC: red blood cell;

NO: nitric oxide; IF: inflammation factor.

2 PVAT 5 IhRERY A 1%
Figure 2 The dual role of PVAT secretory function

JVi % 9% 2 2L (fat attenuation index, FAD , 1% 8 Frifi it
EACHE T AL 2R R o S B /N AR AL, R
J R R S5 A 5 AR 22 8] B B 25 P BTIR S » SEBLN f
B IIE M E AL e . FATI & 0] BBl 563 ik 611
B S 2, FALSE 2 1 TS 1 O R X A
RE W A3 ~F- 35 CT 32 ) E » 2T Baradaran %51
D& 5 i, W T A A R AR AR S R
4% (picture archiving and communication system,
PACS) X} 35BN ik CTA Y5 R BEAT 70 B, ¥ S ohs 1 58
[l 72 B & 500 HU, A2 & % E v 100 HU, JFAE
T AR FITAE J2 T FRCE 22 AN IO R IX, RN IO [X 2
SR AR A AE , HL6E T 4 4T if A7 B e L Ath B 20 2 45
Fe), R J UF B SR [X BT H CT S AL F) - 2201
TE NI AEE R B3 DABB ik Bt ¢ il , BoAk
J&7R T PFD IINET . H AT E A AT K8 PFD
(B s A&, EEARFEW 7T PR AL T 5 i 2144
CT % P AR Vi Bl L% 5 SR 73 i PVAT J [ 3R 47 A
T, 32 EMVERE RO, L, R RN HEE 2
AT 2 UGN RO E{E DL E B 2% PFD £0{H
FEH BN CTA AR RE T vl B X
EERIIAFAE , B 5 7 AR BRI X AR D, &

The axial slice with the largest carotid artery plaque area and the
most severe luminal stenosis was selected. After setting a fixed window
width and window level (500 HU and 100 HU, respectively) , regions of
interest (ROIs) were placed on the plaque side (left side) as ROI1 and
ROI2. The PFD on the plaque side was calculated as the average of
ROI1 and ROI2, expressed as PFD . .=(ROI1+ROI2)/2. Similarly,
ROIs were placed on the non-plaque side (right side)as ROI3 and RO14,
and the PFD on the non-plaque side was calculated as the average of
ROI3 and ROI4, expressed as PFD, e a=(ROI3+RO14)/2.

3 PFDHIME T3 LASIENBKBEER AT 53 20 51
Figure 3 Measurement methodology of PFD: a case study
on carotid artery plaque

SRS PN s B I P BB 2L 2 1) S 52 AT 52
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BN B RAFPY . WRE e i Xt oy
Hr s Bk CTA % F B K S S8 IR 918 T R A
AR BBk PVAT 7P 434 h 2 0 L
ToHEIR 2 B R AR . AL B AT AR IR 5K
PVAT [ 5t 5 5 PR Ak A B AH G

2.2 MAEECT

XL EE CT(dual-energy CT, DECT) /& —Fid i 11X
AP RAT 2 A AN A RE N BB I CT R HOR .
FHECAE RIS ik CTA, XLAE CT BA MR i 4074
I ¢ (virtural non-contrast, VNC) , 7] 38 i &k 2H 2 fifl
TR L FE , e Bl ik mT R4k , SE I 2 O if
WS JE A 2R AE . BLRE CT W] AR A —FloE i)
Jlg W7 & & Z % 3 ok 1 g A A 10T o
(perivascular fat fraction, PVFF)™", F 5 & 5 XL B
CT & & Z BRI, IR B2 A 2805 7 8. me 1
LR I TR T VR AREL WA B R PVAT
o e F A o T AR AEPS R F XURE CTA 2
AR, X HBN K PVAT FRAEBEAT R N 20 #7, MU € 2
Hh g 7 PSR, AR BE AT TR S i 2
TS AR XTI T DA i A R R BT XURS: At 3L
Feft 7 — A T A .

2.3 ®pwms

SARAH e — Flod il B A E R R AR
P rb $ RS B X A B8, IR e s
e AR )RR T R M ROR . e R UL
IR 2B A H 1 58 B O BB 0%V 4 A 5 AR )RR
Jo 7 () B e, R BE 12 W AT SR A 03
R, AMFE T FALTC 4575 PVAT N 35 40 5 445 4 B
I AN R T A THDRS AE A5 S5 I PR S B AR A1
RFCHF . FAHRE NI K PVAT EE X
T REFBAFRAL, BT Z LA S FEX X
SERFIE EAT TR B2 3 AT, R IR BB ik PVAT SEAR 4127
E P 2P SR I 4 i 25 Cacute ischemic stroke,
AIS) J7 THI R 1 W o (2 25 1 N A8, A B Tl
PRI A 57 3015 30 ATS 8 7 AU, B I R B o4 i
B G .

2.4 52&—,”2—3)?\(magnetic resonance, MR)

5 CTAMLE, MR B A S i A R He 5, 1X
AR R T PVAT HRAE, [ B R85 8 4 CTA A%
R S B R, OF HL =0 PSR MR IS BE AR R
T X Bk ok Ao S A TR R A S D g0 B S R BEAT
SEINZRA - B RS, i MR E VA PVAT R
R TT I HA IR KNG T o Yu DR 2008 e
MR I8 BE BAR 45 A I BE FEAT T & 0 Rk

1%, tE B ki 5 TOF-MRA BEE EI & 2 A 2
#NENK PVAT FI1E M LE (signal-to-noise ratio, SNR) Al
Xt LE & 1 75 LY (contrast-to-noiseratio, CNRD , [7] B 4
5 TIWI.T2WI. TOF-MRA K 34 58 FUG UF Al 35 3 Jik
SRR RE AL IR B 1) 22 350 2 F0URFAE , 23T 45 SRR I TOF -
MRA P50 & 1 2550 ik PVAT [¥) SNR 5 B8y tH
1. Gintraplaque hemorrhage, IPH) & 3 #H 5¢, CNR 5
W & MR B 3R BB A% O (lipid - rich necrotic core,
LRNC) 5L HYFEAE 2 5 ARG, SRR B ik PVAT
55O T A T B R B PR AT SRR AR . AR
TOF-MRA UG MR A RN BN W I, AT RE 20840
UL ) PVAT A 5 7 A 50, 5 fi 177 20 23 i) 3 [ Rl 20
A REANIE HER , R R U AESEEL MR BR B X PVAT #
JE 2 BUZ 40 A A Dixon £ R , A BE A8 6 58 4 M 1 €
PVAT [ SRS -

3 FBIBKPVAT # & F YRR

3.1 FFHRPVAT 5 55 bk 345 A4 ARAL B2 3R

PVAT 55 3y Jiik o8 FE B Ak R A2 R R A OGP,
FENE PR S B r, 25050 ik B P i UL A 72 R — EL
o2 VAL 2503 Jok 585 B 58 A4 DA R TN ke I A28 < XU
RIRBETR IR . BFHESE R B R S5 kg 7
(9 PFD & T 0, HB 7 0 PFD Bifi 4% 7 7 5 4% B n
EIMI. JFH, PR R BRI, A
R PFD W LE B IR A i o X AT REZ KA
BB AR AR AL Ry A AL BN ) 5 R A AR S 1 4R
L PVAT AR AT JREIRZS o Liu 25745 & PFD Al
B R T RS, R AT DUA 2K
I e B2 e DL b7 R R AR o (R A XU

X 25 30 ik ok 5 A8 A T e i BF 98 B 2 A
PEYL SO s B e #e B Gy i pa g B0, B 1
Py LR RIE B4R : (D IPH; (2 LRNC F£f 4k
I A% 78 5 At 24 (thinning or rupture of the fibrous cap,
TRFC) 5 (DBELR SR AN BELR A K7 A 8 T Bl s DB B
At @F I BT E D,

RNE S Gy A5 BE PR & RZ O BLEST, W PR VP AS
RAEKF T BAREE T M35 RAEAREY), Fl T 2 Fhoi
Jod B4 M W AR T, s C SR R H Chypersensitive
C-reactive protein, hs-CRP) /& /C» IflL B 5 [ 5 1
W bR A, HaKF T i S 3 I e A A T Bl Py A7
FERFETE BN F B, — TUE S 2o itk &8 2 1wk 7t
7 hs-CRP 7KF Tk iy, 26 v S () R AR A 0
i, EKIE 30 4 B T 9 BAT KU T g 00
H 2, A S8 ) LTS RAEAR SV S W I) J2 45 5 RO
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BEARAE DL, To ik B S 1 b S BURE o8 1L R
B RAEAIRAS 5 30 ik o8 A6 A58 A4 Xt e 5 453 e A0 1) A
KYEWRTG. Mao ZE“ K I PFD 5 4 FEIE M br £
I, IBNIK PVAT % 5E 7T\ A =2 4 B 16 28 2 5E 1)
—#R4y, H 530050 Mk 2 45 5 e J F Pt i) Jm
fE B oG, IEUFIRAN T EIRAN 2 o RIEA M
R R 1 IE A, 1K — i R A B R P 38
(37 2B A8 R AR k2R, a3k 51 TPHMY . TPH #3A
e A R AR R DG M B SR M R S S R
Z WU 5T CUESE PFD 5 3180 ik IPH RS2 AH G, AT 1E
RET R AR ) 2 B0 ik TPH AR 43 J2 B A B4, T
PVAT ®] BELE IPH F & AE g SGBEE FI'. LRNC
2 10 A T AR XU B T 48 A 2 —17, T TRFC 2
[ 0] A i A5 B ) Ak 3 T BR 7 LRNC A4 ARk
K, 2 YEME R A 5 i 2, BEH AR B . Yu
SEMHIESE PFD 5 TRFC S35 400G BR PFD PASh, 14
W SR B R BUE i Bk A8 E T B3 ) 1 H 35
#B 52 T B W7 % BE (cervical subcutaneous fat density,
CSFD), i % K I LRNC J& TRFC 21 1) PFD/CSFD {8
BAK, 5B G A . fERRERA,
BN ok BB s A I R IR R E . B
Buni A AT A3 3 BH B He P S AE A8 B BRI 280 R
7, SRR BRI 2 B 1, I B 5 i 2R b R A2 ST AR
KRN, FEXT 100 418050 ik PVAT 1) CT {H S BEHURHE
BEAT 3BT 5 » Saba S0 R BT YR AL AR FE 5 313 ik
PVAT [ CT ZE )R AEHE I 2 IEAH ¢, X — 8 70 45 F it
B 3912 ik PVAT /) CT 32 98U 1T F 4 2 5 5 B 1) 7%
TEAR AR EY) . 1E M M A 35 75 30 Ik o A A AL
P A8 i3k e i AR, B G BEHRAR R 3G 0, 1A 1 4b
5. 73 I P e O T T AR AT, DASE G BB P B
A s e A8 AR PR I R o S Ik 1) 1 2 E A ]
e S TP L T FEFRT, Kashiwazaki 55 A
FLFR I PFD 558 i IEVE A A7 AEAH OC, HAERR
B (PPRER PR BE R h , B A FR AR ST, PFD R 5
3.2 HHIKPVAT 5w 5

ER1 3 Jik Jm s ke I 5 350 AR R 82 B[R] >24 h i 42
Ly e B RS 5 A R A g 0 2 v, 85 DU R DAy 966 22 i ik L
& AF (transient ischemic attack, TIA) ¥, Baradaran
SR IR TORE R (30 P9 B kAR B, AR i AR R R
TIA B[R0 35 A 3 Jik (6 PED B 56 B8 v, HL IS S IR B
BB U PED 0 i T AR B A2, iX — i e 45 SR N
A KA B Zh [k PV AT R5AE T30 o6 26 A (1) 15 e
R T HEIR KR

i 2 A 7 28 e g i L R A ALS, 3950 Jik s A Al

et HE B FE R . REECIE R ALS &
& H) PFD e 4g et I A Tt v, HLAE A A8 A 0 )
PED BUH M AEREZE M T 15y, 1% 356 1 2 2 Ha I PFD ]
BE 2 79 T I I S B PR i — e W . A
ATS ) 5L HIBY B, FRRETE VR o7 AT DABRIE 52 0 A2 X
I G LA T B R M A D e, R AR
T DI R ML A o Dk S 2 2 R 20 9 il I
P35 771 CGintravenous tissue plasminogen activator, IV -
tPA)BEAT I B R I6 9T ALS 1A U715, HEF 25 2
R 5 L g, (H X — T AR R A R IR A &, &
R PR AH 0 ™ B IR YT S I AOE RS R JE
I ThRETK 5 Gencer 55 7E 525G A 48 A A
IV-tPA AT VA RR V69T B ALS B, 7599 22 [F] O] J2 XF
N 0 32 5 PRD [~ SME A f OR AR, KL &2
CTA & 1955 2% [F 1 PED f) fe KA BR =5, IV-tPA ¥R
I7 J5 B D Re TS Bk 22, B AR A PED F) f R AE
Fe VR YT Ja B N ) RE R A S TN A . R
PFD 7E IV-tPA J&77 1) ALS £ 3 1) 905 T o B A i
A . FUBEURE B R AF R TT RO, JeHdE
FH - TG 2 K I 78 P 2 R 35 iR 3 ik P 2, St R0
S [ 7E 24 b PY{ELER S f P A4 I 1] 2 1) 26, AT
BB AT UMD o Jin S8 57EE X DR A 476 36 K
158 P ZE T H S2 ATUCBUR IR 9T 1 8 R IT AT AL, VF
i 7 AR HIT PED X A J5 o 0L I8 -7 T o e Pk 52 K
TSR MR, R B AR BT PFD 3 i A2 AIS
AR S5 K BN L s B 22 i T e 2 1
TR, HERAGET: B I PFD & TR 0E 8 .

ZhRUERT A 7 iEATY o2 A B IR, BV TOAST 43
TR AT KBk RERE AL /N Eh Tk s e Ak S
O Y5 s 2 1) i 2 HP PR 2 g AN W Ji TR s 2 AP 2 v
(embolic strokes of undetermined source, ESUS) *,
ESUS H #i Jc W BA %00 — empre i, 532 W
JCHE . Hu S5 R BLAE ESUS (A7 7E RE S ] 1]
PFD & THEREZEM, HoAa 6 5 2 5 K8 Bk i A4k
R A5 AR
3.3 3 Bk PVAT 5 Jis /)~ f2 & 5% (cerebral small -
vessel disease, CSVD)

FBNK PVAT B SR A 5 B0 bk i e A 4k 25 1)
FHIC, TSN AR AL S CSVD WY B 2 G [ R 3K,
PFD 5 CSVD 2 [ th 7] BE A7 7EAH KM o Zhang 55
UESE PED T 55 CSVD A I A P01 B (0 4715 - 1
F5 = 15 5 12 8 B A M, BRI AT e 5 LA
FHOGRI B A O, (B LR A 1 s Il S 55
G RZEU5, PFD 5 CSVD SR B B34 ARG .
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3.4 FARPVAT 5 &/

e I A2 i A R 5 i I 9 AR A e BRI
S [ e PR 2%, 98 0 A vy I 2 () O R AL, 480
A B I ) R AR AR TG i IR AR A T 5
T AU AR £ F0 S A S 08— 0 B0 20 E IR B . Liu
SR IR IR AP E NS K B B I T4 T 5 oy I
A1 FBEBRAN PFD Eb AR & 1 K 41 /6 PFD 58 %7, H 30k
18 55 A AR 4 3 SR B =, B PVAT 2O5E 5 & I JE
BN

B2, FEN K PVAT 2 55 2 F o 1L 95 248 1 K
A R R 5 DR i L A 9 7% )98 BEATL AR A SR B AL TR I
PRAR  FE T Sy FE IR L7 975 A8 140 RIS B ) % T s 7
TFRAL E LG RNE . SNBIHK PVAT 5 2 T i 1fiL 557
I A% 2 1] 1) A ol o 46 B AT DA 32 L A 9 s (1) B
WRMRE . | Iz I8 5 0 A0 468 /N IfL L
B T K DA B IR R PR R 92 1 L 0 LA
Ok 5 R 5 A S S RV R AIE o 3 ik B R IR A 2 — Fh R
G, XA B 2 AN L IR ER = A fe ), (H 2
DRI AT &5 0 1) 22 53¢, FEAS TR PR 9 B AN TR 1
R BT R IAS [F]50Ar ML PR 0 i & A7
15, HLAE 302N k5l 15 3l ke s 2 v I 22 i
P MR B =, O HL, 2 R IREE N, KA
AN B0 L5 4 1 XUt 389 e Rk, kT 3 ik
o FEAE Ak B, B T O B R 2 T 119995 7% L R DA
A, AR DV 1) H A I AR AR I 5 e DR 3% A
21N R

4 NEERZE

25 EPTIR, SEh Ik PVAT d it FRR (¥ 7 43 94
AN 55 53 Wb TN RE » 6 T 17 =) 15 8 E S A f LA A
SR REEEEER] . SBhkPVAT 5483 I & B
WA EAE A S5 1 3050 bk ot A 4L 5 16 D Bk
0% BT 5 B 5 0 L6879 738 P A A R Jee i )
FHOR o 3K R B0 T A M L6 9 £ s B A= AL
PR AL ORI .

i S BE SR A BOR T RIVE AL S Bk PVAT
(0 S SRS , A7 B2 5 Bl s T S SR 0 i 4 v v IR
B R AT RN R IR YT 7 S 5E 1R fit 2K
Yo XAEET PVAT SUEIRZES WIS 5547 BN
AIC A 0 11077 995 2 FBTS R T SRS 8 B A P s 3
Y, R R AR B J150FF . BAR PVAT AR %
BF FEAE o L7 JRURS: VAl o B A ORI R (H LTS T
[TEE S SIS ERORNEE A &2 ohicks & Nl Ll
MEE R ER . f£CTIRET, BNk PVAT 1 23T

CTHAT BT, i RS R PR E A S
B BB EEEESERW . IFH, L3Ik
BURASA R o7 I, B B B 4 D8 52 th 22 52 I PVAT
(1 CTEM & . HhAk, 24 PVAT AR R /NI, i i
BROGER X 2 BRI M, SE e 45 R PR A . T
MRI A5 & 528 EAR KB GRS L, (HR 5 %
iz 3 b 521 9, MRI IR 95 15 5 B8t gk = 3%
Wo BTLL, AN [FBIE 700 PVAT 1A | % FE /15 5 AR
(0 TTRE A — 8, T8O 7T 45 L 2 IRl HE DL B
o @PVAT FRAELAT A 7L B Z . PVAT 54
L At T 007 4L 23 Con 2 I ) B4 At 51 320 57 Xk DAKS
oy, I AR LT A BRI« H AT
ZNAK PVAT H 3467y F100 & T B AE R AT B2 5
PE 1 R A 256 E , AR T 0T 70 H 1 F3h &, AN
i Z2 8K AR TR E I 2 o ME e EER L
BE5 G HT  HEBARAEAL PPAL T S AL AE , R TR IX L
SR 0] R, A REAE BB K PVAT J o ] SRR )32 B
M IER AT SRR R

AR R WE TR 24 8 B SGVE LU LA T 1)
o, VRN I B 3030 bk PV AT 7 il 11693 4% Hp i) B A
73T HUH, R 3L 5 L BEAN M Can A B A i L
T8 LA D R AR AR R BLARL s LK, R PVAT RE
RS 5 A (7] o i A5 755 22 S A Can i v 26 b | I
PR e L0 3 kAL I P R R S5 ) 2 T R S
KUK s e a8 5 2 B 5 B4l A ST RS A A AL Y
PVAT ZAE VA 78 &, -1 FL B & 2B /i 1M
T3 DRI PP AR 2R e, A BRI 4R e M LA )
WA RE I3, TF BT X PVAT 98RE 18 42 18 BLIR IT
RO, A BGE BTG . 75 FHRETT KA RN
TR REE AT SN PED I H LI &, # K K &
235 SR B E TR M A T B A, DT R B 22 KR i S
PERASIWT ST B TT I BOAR S -

K2, BBk PVAT FIAFF 72 Mo 1fn 5 2 995 1) B
IRTTRE T8 384, BB X o BEAE BB IR
PR AVE A BOR B AWt L, BT Hsh ik PVAT 1
A Y I 2 SRS A A R ORI I R 1) T 12 W
AE T A B AR

i 2 170 58 A B

P e W E R 3R R

Conflict of Interests:

The authers have declared that no competing interests exist.

{E& STk AR :

2 S 4 BT SRR L BB T IR SO S g &
L AFHATHE T R S RSB .



£1048 - Mow E OB K ¥

5545 557 )
7ok 202547

Author’ s Contributions:

LI Wenyi was responsible for literature collection, data
analysis, and manuscript writing and revision; LI Cheng and
ZHOU Dan were responsible for research direction guidance

and manuscript revision.
(&% k]
[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, 2020,396(10243): 26

(2] b E 25 e iy v A 7 ) 2 55 2L o [ i 2 R Bl VR A 75
202 IMBEEELT]. A BRI 24 5, 2023, 2001 12 783-793
Report on Stroke Prevention and Treatment in China Writ-
ing Group. Brief report on stroke prevention and treat-
ment in China, 2021[J]. Chinese Journal of Cerebrovas-
cular Diseases,2023,20(11):783-793

[3] SABA L,SAAM T, JAGER H R, et al. Imaging biomark-
ers of vulnerable carotid plaques for stroke risk prediction
and their potential clinical implications [J]. Lancet Neu-
rol, 2019, 18(6):559-572

[4] MA Q, LI R, WANG L, et al. Temporal trend and attribut-
able risk factors of stroke burden in China, 1990-2019: an
analysis for the Global Burden of Disease Study 2019[7J1.
Lancet Public Health,2021,6(12): e897-e906

[5] MAC GRORY B, YAGHI S, CORDONNIER C; et al. Ad-
vances in recurrent stroke prevention: focus on antithrom-
botic therapies[J]. Circ Res,2022, 130(8): 1075-1094

[6] KOENEN M, HILL M A, COHEN P, et al. Obesity,
adipose tissue and vascular dysfunction [J]. Circ Res,
2021, 128(7):951-968

[7] GOELLER M, ACHENBACH S, CADET S, et al. Pericor-
onary adipose tissue computed tomography attenuation
and high-risk plaque characteristics in acute coronary syn-
drome compared with stable coronary artery disease [J].
JAMA Cardiol, 2018,3(9): 858-863

[8] OIKONOMOU E K, ANTONOPOULOS A S, SCHOTTL.-
ANDER D, et al. Standardized measurement of coronary
inflammation using cardiovascular computed tomography:
integration in clinical care as a prognostic medical device
[J]. Cardiovasc Res, 2021, 117(13):2677-2690

[9] ADACHI Y, UEDA K, NOMURA S, et al. Beiging of peri-
vascular adipose tissue regulates its inflammation and vas-
cular remodeling[ J ]. Nat Commun, 2022, 13(1):5117

[10] ANTONOPOULOS A S, SANNA F, SABHARWAL N, et
al. Detecting human coronary inflammation by imaging
perivascular fat [J]. Sci Transl Med, 2017, 9 (398) :
eaal2658

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

ANTONIADES C, TOUSOULIS D, VAVLUKIS M, et al.
Perivascular adipose tissue as a source of therapeutic
targets and clinical biomarkers[J]. Eur Heart J, 2023, 44
(38):3827-3844

MAZITOVA A M, MARQUEZ-SANCHEZ A C, KOLTSO-
VA E K. Fat and inflammation: adipocyte - myeloid cell
crosstalk in atherosclerosis[J 1. Front Immunol, 2023, 14:
1238664

[ACOBELLIS G. Epicardial adipose tissue in contempo-
rary cardiology[J]. Nat Rev Cardiol,2022,19(9):593-606
NAPPI F, FIORE A, MASIGLAT ], et al. Endothelium-de-
rived relaxing factors and endothelial function: a systematic
review[ ] ]. Biomedicines, 2022, 10(11):2884

CHENG C K, DING H, JIANG M, et al. Perivascular adi-
pose tissue: fine-tuner of vascular redox status and inflam-
mation[J]. Redox Biol,2023,62: 102683
CHENJY,WUY P,LICY, et al. PPARy activation im-
proves the microenvironment of perivascular adipose tis-
sue and attenuates aortic stiffening in obesity [J].]J
Biomed Sci, 2021,28(1):22

ZHOU Y, LI H, XIA N. The interplay between adipose tis-
sue and vasculature: role of oxidative stress in obesity[J].
Front Cardiovasc Med, 2021, 8: 650214

LIU L, SHI Z, JI X, et al. Adipokines, adiposity, and ath-
erosclerosis[J]. Cell Mol Life Sci,2022,79(5):272
SAXTON S N, WITHERS S B, HEAGERTY A M. Perivas-
cular adipose tissue anticontractile function is mediated
by both endothelial and neuronal nitric oxide synthase iso-
forms[J]. J Vasc Res, 2022, 59(5):288-302

KONG P, CUI Z Y, HUANG X F, et al. Inflammation and
atherosclerosis: signaling pathways and therapeutic inter-
vention[J]. Signal Transduct Target Ther,2022,7(1): 131
SR SCHR, R i, EWEAR. U JE FEHE B S 0 T
(RO 7 LT ). i A R RF K 2 A4l CH R BE RO
2023,43(5):725-731

ZHANG W N, ZHU H, WANG X D. Research progress of
perivascular adipose tissue and cardiovascular disease[]J ].
Journal of Nanjing Medical University (Natural Scienc-
es),2023,43(5):725-731

LIU X, WU F, JIA X, et al. Pericarotid adipose tissue
computed tomography attenuation distinguishes different
stages of carotid atherosclerotic disease: a cross-sectional
study [J]. Quant Imaging Med Surg, 2023, 13 (12) :
8247-8258

BARADARAN H, MYNENI P K, PATEL P, et al. Associ-
ation between carotid artery perivascular fat density and

cerebrovascular ischemic events[J]. J Am Heart Assoc,

2018,7(24):e010383



54555 7 ) WA WA ST SBhK I IR DT A S AR R T R L
20254F7 1 SRR AR (R AR E RO 5 2025, 45(7): 1042-1050 1049
[24] YUAN D, LI L, ZHANG Y, et al. Image quality improve- Quant Imaging Med Surg, 2023, 13(12): 7695-7705

[25]

[26]

[27]

[28]

[29]

[30]

[31]

ment in head and neck CT angiography: individualized
post - trigger delay versus fixed delay [J]. Eur J Radiol,
2023,168: 111142

WRede, Bk 58, B, 45 LT SENLIT 2 1L i 5
PR A0 Ik 47 J) 6L I s 2 2 A S TR e 2 Rr AL 2
(6] (925 R LT 1. Coi e B 763 5 2024, 24(4): 10-14
CHEN X H, CHEN Y, FAN S F, et al. Relationship be-
tween enhancement of perivascular adipose tissue and
vulnerable plaquecharacteristics in carotid arteries ex-
plored by computed tomographic angiography[J]. Cardio-
Cerebrovascular Disease Prevention Treatment, 2024, 24
(4):10-14

XU Y K, CHAI T T, WANG J W, et al. Optimal virtual
monochromatic images for assessing metastatic lateral cer-
vical lymph nodes in patients with papillary thyroid carci-
noma using duallayer spectral detector computed tomogra-
phy[J]. Eur J Radiol, 2024, 178: 111623

WU Z J, HIPPE D S, ZAMORA D A, et al. Accuracy of
dual - energy computed tomography techniques for fat
quantification in comparison with magnetic resonance pro-
ton density fat fraction and single-energy computed tomog-
raphy in an anthropomorphic phantom environment[J]. J
Comput Assist Tomogr,2021,45(6): 877-887

sk e BE, BRSNS T F R A
F1 XL RE SN K LA J) PR 17 AL R S RS R [ . e PR
T8 2%, 2025, 44(1): 53-58

ZHANG H, LONG J, WANG C Z, et al. Development of a
dual-energy carotid artery perivascular adiposetissue pre-
diction model for acute stroke events[J]. Journal of Clini-
cal Radiology,2025,44(1):53-58

KOLOSSVARY M, KELLERMAYER M, MERKELY B,
et al. Cardiac computed tomography radiomics: a compre-
hensive review on radiomic techniques[J]. J Thorac Imag-
ing,2018,33(1):26-34

FARE, Brktibk, X BE, 45, K T HSh kA B R DT 4141
AR AL T S g i A i 4 e LJ/OL . M B2 K
25, 202502025-01-21]. http: //kns.cenki.net/kems/de-
tail/33.1386.R.20241231.1541.012.html

WANG W K, CHEN W Y, ZHAOT, et al. Prediction of
acute ischemic stroke based on radiomics of carotid adi-
pose tissue: amulticenter and multi classifier study[J/OL].
Journal of Wenzhou Medical University, 2025[2025-01-
211 http: //kns.cnki.net/kcms/detail/33.1386.R.20241231.
1541.012.html

YU S, HUO R, QIAO H, et al. Carotid artery perivascular
adipose tissue on magnetic resonance imaging: a potential

indicator for carotid vulnerable atherosclerotic plaque [rl.

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

LIN A, DEY D, WONG D T L, et al. Perivascular adipose
tissue and coronary atherosclerosis: from biology to imag-
ing phenotyping [J]. Curr Atheroscler Rep, 2019, 21
(12):47

CAI M, ZHAO D, HAN X, et al. The role of perivascular
adipose tissue-secreted adipocytokines in cardiovascular
disease[J]. Front Immunol, 2023, 14: 1271051

BIRE, (IR, B 2, 5. S bk I s -5 30
Bk AR DL TS 5k A& LY DL o [ Bl ko A6 2% 5
2024,32(3):211-216

MAO L Q, HE X W, QU M, et al. Association between ca-
rotid artery perivascular fat density and carotid artery ste-
no-sis, prognosis[J 1. Chinese Journal of Arteriosclerosis,
2024,32(3):211-216

LIU Y,ZHAO Y, GUO Z, et al. A novel predictive model
based on pericarotid adipose tissue and lumen stenosis for
stroke risk in patients with asymptomatic carotid steno-
sis[J]. J Tnvestig Med, 2024, 72(3):270-278
BARADARAN H, EISENMENGER L B, HINCKLEY P J,
et al. Optimal carotid plaque features on computed tomog-
raphy angiography associated with ischemic stroke [J]. J
Am Heart Assoc,2021,10(5):e019462

LIBBY P. The changing landscape of atherosclerosis [J].
Nature, 2021, 592(7855): 524-533

CEDERSTROM S, LUNDMAN P, ALFREDSSON J, et al.
Association between high - sensitivity C - reactive protein
and coronary atherosclerosis in a general middle - aged
population[J]. Sci Rep,2023,13(1): 12171

RIDKER P M, MOORTHY M V, COOK N R, et al.Inflam-
mation, cholesterol, lipoprotein (a) , and 30-year cardio-
vascular outcomes in women[J]. N Engl J Med, 2024, 391
(22):2087-2097

MAO L, CHEN L, QU M, et al. Pericarotid adipose tissue
is associated with circulatory markers of inflammation
and carotid atherosclerosis [J]. Angiology, 2024, doi:
10.1177/00033197241248776

MICHEL J B, VIRMANI R, ARBUSTINI E, et al. Intra-
plaque haemorrhages as the trigger of plaque vulnerabil-
ity[J]. Eur Heart J,2011,32(16): 19771985
SAKAMOTO A, SUWA K, KAWAKAMI R, et al. Signifi-
cance of intra-plaque hemorrhage for the development of
high -risk vulnerable plaque: current understanding from
basic to clinical points of view[]]. Int J Mol Sci, 2023, 24
(17):13298

ZHANG S, GU H, YU X, et al. Association between carot-
id artery perivascular fat density and intraplaque hemor-

rhage[J]. Front Cardiovasc Med, 2021, 8: 735794



+ 1050+ [T

VS PN

455571
20257 H

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

YU M, MENG Y, ZHANG H, et al. Associations between
pericarotid fat density and image-based risk characteris-
tics of carotid plaque [J]. Eur J Radiol, 2022, 153:
110364

WEW, & HL EEYL . CTAVREME E3ish kA
JiE s R B 5 PR MRI 5 535 ik (AR S PERIE 2L ). v [
BEoA i ARG 2% &, 2024, 30(1): 27-32

XU H B, YU M, MENG Y K, et al. Associations between
pericarotid fat quantification on CTA source image and
MRI-Based characteristics of vulnerable plaque[J]. Chi-
nese Computed Medical Imaging, 2024,30(1):27-32
ARG, REHR T, AR S S bk A R I I R
B H g AR SR S L) ). o CT A MRI % &
2024,22(7):43-46

ZHU H T, XIONG R F, LI C Y, et al. Associations be-
tween pericarotid fat density evaluated by CTA and intra-
plaque hemorrhage[J]. Chinese Journal of CT and MRI,
2024,22(7):43-46

TANG Y, ZHANG J, LIU W, et al. Analysis of carotid vul-
nerable plaque MRI high - risk features and clinical risk
factors associated with concomitant acute cerebral infarc-
tion[J]. BMC Cardiovasc Disord,2023,23(1): 173
ZHOU D, LI J, LIU D, et al. Irregular surface of carotid
atherosclerotic plaque is associated with ischemic stroke:
a magnetic resonance imaging study [J]. J Geriatr Cardi-
01,2019, 16(12): 872-879

CUI B, YANG D, ZHENG W, et al. Plaque enhancement
in multi-cerebrovascular beds associates with acute cere-
bral infarction[ J]. Acta Radiol, 2021, 62(1):102-112
SABA L, ZUCCA S, GUPTA A, et al. Perivascular fat den-
sity and contrast plaque enhancement: does a correlation
exist?[J]. AJNR Am J Neuroradiol, 2020, 41 (8) : 1460-
1465

YOSHIDA K, YANG T, YAMAMOTO Y, et al. Expansive
carotid artery remodeling: possible marker of vulnerable
plaquelJ]. J Neurosurg, 2019, 133(5): 1435-1440
KASHIWAZAKI D, YAMAMOTO S, AKIOKA N, et al.
Association between pericarotid fat density and positive
remodeling in patients with carotid artery stenosis [J]. J
Clin Med, 2024, 13(13): 3892

SABA L, CHEN H, CAU R, et al. Impact analysis of dif-
ferent CT configurations of carotid artery plaque calcifica-
tions on cerebrovascular events[J]. AJNR Am J Neurora-
diol,2022,43(2):272-279

o AR rh g gy o E A 2 e SR M A o R R T
F i 202400 ].rh E A, 2024, 1912): 1460-1478

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

Chinese Stroke Association. Chinese stroke association
guidelines on reperfusion therapy for acute ischemic
stroke 2024[J].Chinese Journal of Stroke, 2024, 19(12):
1460-1478
GENCER E S, YILMAZ E, ARSAVA E M, et al. Carotid
artery perivascular adipose tissue density and response to
intravenous tissue plasminogen activator in acute isch-
emic stroke[J . Angiology,2024,75(5):472-479
JIN J, HUANG R, CHEN Q; et al. Carotid artery perivas-
cular adipose tissue density relates to recanalization and
clinical outcome after mechanical thrombectomy [J].
Front Aging Neurosci, 2021, 13: 761248
& FEL IR E B A SR R S S
PR A A b A AR VERT FT LD ). e PRIBUN 5 2%
£,2023,42(6):910-914
YU M, MENG Y K, XU H B, et al. Associations between
perivascular fat density evaluated by CTA and acute cere-
bral infarction[J]. Journal of Clinical Radiology, 2023, 42
(6):910-914
HART R G, DIENER H C, COUTTS S B, et al. Embolic
strokes of undetermined source: the case for a new clini-
cal construct[J]. Lancet Neurol, 2014, 13(4): 429-438
HU X, CHEN J, FU H, et al. Association between carotid
artery perivascular fat density and embolic stroke of unde-
termined source[ J . Front Neurol, 2022, 12: 765962
ZHANG D H, JIN J L, ZHU C F, et al. Association be-
tween carotid artery perivascular fat density and cerebral
small vessel disease [J]. Aging (Albany NY) , 2021, 13
(14):18839-18851
LIU Y, XU L, GU Y, et al. Impact of H-type hypertension
on pericarotid adipose tissue and plaque characteristics
based on computed tomography (CT) angiography: a pro-
pensity score matching study [J]. Med Sci Monit, 2021,
27:€933351
r ] T P L7 PO RH R 0 2. 32 L R P AR
697 E L IR 2024 O LT ). HhéRER 290, 2024,
104(12):906-923
Chinese College of Cardiovascular Physicians. Chinese ex-
pert consensus on antithrombotic therapy of panvascular
diseases (2024 edition)[J]. National Medical Journal of
China, 2024, 104(12):906-923
ZHOU X, YU L, ZHAO Y, et al. Panvascular medicine:
an emerging discipline focusing onatherosclerotic diseases
[J]. Eur Heart J,2022,43(43):4528-4531

(isAH]  2025-02-28

(KRB B



A5 EH T B R ERER 2 2R CHARBHERO
202547 H Journal of Nanjing Medical University (Natural Sciences) <1051

Ra)LEFRRIMREEFER ZMRER

BER,WE, FRE
P BRI R LR BE e L AR B VT F9AT 210008

[ E] B4h)L R A KK T 1SRN B, X — I S R A s AL KR E , A — R I R T s gk
Tille SR, 2240 ) LA BB P AR KR B FIRRA I 2 R G REAS B LA B PR AT R (R0 1L, AT T T W A v 1) 9%
A . SCEARIE T E P AMEICIEF, IR T B4l LE 7 KU BT IR, DAL 578 7% KU AH DG IR 500 DR 25 ARG PR B AT 08 L 2 [
Fmfa LS. AR AT 10 B 4 ) L 5% U 0 2 B3R 1 o F 9 92 3 VS BRI R BR M, DLREAE B 1112 R k37 i
FERRELL)) ) LS 77 AR T 2 (I R R o SCH B TE S S ) LRHIR PR PR T BE 4 )L 3% il REUKD v JoE B A, AR o 8 3 XU 0 7 T
B 5 LAE B IR 0E 75 R, S 2 SR AL  BHA S TR

[R$EiR]  BR4)L; B i TR
[(hESZES] R153.1

doi: 10.7655/NYDXBNSN250076

[XCEktRERL] A [XEHS] 1007-4368(2025)07-1051-08

Research progress on the current status of nutritional risk and its screening methods for

infants and young children
SHI Xinyue, SHA Lijun, LI Xiaonan’
Department of Child Health Care, Children’s Hospital of Nanjing Medical University, Nanjing 210008, China

[Abstract] Early childhood is a critical stage of growth and development, and the nutritional status of this period not only affects
physical growth and development, but also lays a solid foundation for lifelong health. However, due to the rapid growth and metabolic
characteristics of infants and young children, coupled with the immaturity of multiple physiological systems and the high incidence of
infectious diseases, they face nutritional risks. This review synthesizes relevant domestic and international studies to elucidate the
current landscape of infant nutrition risk, as well as the associated influencing factors such as environment, age, disease, and high-risk
conditions. The paper also shows the design, application, scope, and limitations of existing infant nutrition risk screening tools, along
with the clinical significance of nutritional risk screening for infants and young children in inpatient, outpatient clinics, and specialized
settings. The primary objective of this paper is to raise awareness among pediatric clinicians regarding infant nutrition issues and to
promote proactive nutritional risk screening, thereby facilitating early identification of nutritional risks and ultimately achieving
standardized and scientific nutrition management.

[Key words] infant; nutritional risk; screening tool
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CT and MRI revealed a neoplasm in the right maxillary sinus (red arrows). A: Bone window axial. B: Soft tissue window axial. C: T2W1I coronal position.
1 EH2019% 8 AR CT R MR#1&
Figure 1 Preoperative CT and MRI images of the patient in August 2019

CT and MRI showing neoplasm in the posterior wall of the right maxillary sinus near the pterygopalatine fossa (red arrows). A: Bone window coro-

nal. B: Soft tissue window axial. C: T2WT coronal.

2 BE2023F7AELHIECT RMR#F&
Figure 2 CT and MRI images during the follow-up examination of the patient in July 2023

Tumor cells showed solid nested infiltrative growth, consisting of
basal - like cells (red arrow) and epithelioid cells (green arrow) , with
rounded nuclei of medium size, cytoplasmic translucency of some cells
in the non-glandular luminal surfaces, a few nuclear divisions were seen
(black arrow) , foci accompanied by the formation of ductal-like struc-
tures, and vitreous degeneration in some areas of the extra-tumoral mes-
enchyme, and mucinous degeneration in some areas (yellow arrow, X
200).

El3 2F2023F7AREFRERELRHEX200)
Figure 3 Postoperative pathology result of the patient in

July 2023(HE x200)

7 5%, W SEANESE () IR IO L. B S S ACC
2 5 G S SR R ) 4% ~5%" . s S

MYB breakage probe FISH assay, MYB gene breakage (white ar-
rows) was visible in tumor cells, with a breakage rate of approximately
60%.

4 MYB #i iR $t FISHAGT
Figure 4 FISH detection images of MYB break probe
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