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Research progresses of ultrasound super-resolution

microcirculation imaging
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[Abstract] Microvascular network composed of capillaries less than 10 um in diameter is the basis of tissue homeostasis.,
maintaining the normal operation of human physiological function, and relative architectural or functional alterations
compromise organ function or lead to diseases. Ultrasound super-resolution microcirculation imaging ( USRmi) can
noninvasively identify microvasculature, produce vascular and velocity maps at the scale of the micrometer through
localizing individual single microbubble and tracking of its displacement with a subwavelength resolution with unprecedented
spatial resolution beyond the acoustic diffraction limit, hence being a promising approach for diagnosing and monitoring the
development of diseases. The origin of USRmi. the general technical aspects of ultrasound localization microscopy and
preclinical applications were reviewed in this article.

[Keywords] ultrasonography; microbubbles; super-resolution; microvascular imaging; ultrasound localization microscopy

DOI:10. 13929/j. issn. 1003-3289. 2021. 12. 009
BEETHEMORREHARER

AP AEARD FR T
(. LG s8iE RFESE, LI 20002552, I sC@ K2EMEH S NREREHES E¥FL, L 200233)

[ ZE] MER/NT 10 pm B 40005 A S R X 2% 2 41 ZUR 3 09 LRl 2 38 AR A B BB IE % 48 47 45 iy s o
RE BB 0 I H 2 B DR B B R A . R A R AU T B T T PR B AL A 38 e A B B0 O LA IR 38
43 90 4% BR U LA 8 T A= A A R RUJBE 19 L 38 R S BT X W R U e kR LA L KU . AR SO B ) R A
LA GRS A L 8 7 2 o7 b B0 L A 458 VR 20 R e JFC i PR T 1o FH 0 R A7 25348

[kim] WARA; oM, MO g &P, B AW

[HESES] R445.1 [XBFRIREG] A [XEHS] 1003-3289(2021)12-1799-07

MR B HA/NF 10 pm™ AR I JORSCRIEI Ok T A . A SCHE USRmi 2 R L R 2
R A il A5 528 T A A 32 W o AN T T 09 A R 7 S U EL AR A 20 R K FL I R T 1 FH 4 e AT 250
b o A8 H HT AR T U/ F 100 pem I35 T T 1G04 £ 1 USRmi #&iF
MEFR . MRILCT A% % SAGRUE 75 1) 43 BER AN 2 R 7R S HER AR AR T 20 HiE2D 80 AR, A4y
Ku g K G, M R A R O T B AR Cultrasound IR A B 28 BT S R B R A VR O [0 . R RS AR 1
super-resolution microcirculation imaging, USRmi) 7 fi# A3 HERA PR 5 U KA I, TR IS )RS 7 I g A I

[(E£ T B ] NSFC & A4 H br (Hb XD A& fEBF 58 30 B (81720108023) , H &K A 4k Bl 2 % & & A1 3 H (82030050) , B # & & 1 #F & i %
(2018YFC0115200) , I i i R 5 K& T (2018SHZDZX05) ,

[E—1EE] B EEE(1998—) .2, DA FESARL, WF5ET7 1) 8 7 8 o B R UM R . E-mail: 1004692994 @qq. com

[EBEEE] oo X, LEag KA RS N R ERBEHE A E22FF, 200233, E-mail: zhengyuanyi@163. com

[W7E HH#I] 2021-06-02 [fem B#I] 2021-06-11



e 1800 - o E B 2R R B R 2021 AR5 37 #5258 12 8] Chin ] Med Imaging Technol, 2021, Vol 37,No 12

I 9B AR o 6T 2 o A R R vy ol R o1 i R P AR
Iy HER B BR N A HOKS . 2006 4F L 98GO 2 A7
%% (fluorescence photoactivated localization microscopy s
FPALM) G340 R A7 ./ 5% ( photoactivated localization
microscopy, PALM) FlFifi #1124 H 7 1 5% (stochastic
optical reconstruction microscopy, STORM) %5 #r+% A& iY
TR T A AT A B s 32 HLR L P A PR
WG R AR BAE R BT 2G5 P B R E (point spread
function, PSF) 5 v % 4™ Bl L IA K () 2 ' U5 ¢ 520,
A7 B A S HE B T PR AR AL 2R 100 58 B PRI £ s 48 1
T L LA 3 K 3 248 S5 L 5 [0 43 9 38 1 IR o el ot S B
B gk iy 28 el 43 s, ZHENG %517 F 2009 4R 42 i)
LIAB 15 5 (contrast enhanced ultrasound, CEUS) il &
ZIN L AE PR UG 3 SR P T8 DM 75 AR 5 AR B B e 75 0 A
R MU (432 31y 4 S5 2 AN W el T I8 75 E AL S B
(ultrasound localization microscopys ULM) & A , 18 3 il
J BN [R) A T sl A B0 22 ) 79 388 T 4 ot P 1R
PR S PICST B P58 5 8 R SR AR T8 84 B RO B R Y
PSE i, AR o A7 (ol 42 0KG 32 7, O i i A1 2R
WA R L T AR JUHE 73 B A il A8 1

2012 4F, ROY 45 22 30 5 X 8 7 St B B2 K LA
2530 W) 9 A ST D R /)N I P I O R ) P I
FE SR B R 0B Bl T T SR AE AR e b0 3l K COF
WiH . SIEPMANN 587 SR I b i 7 ik 46 0 A5 1 o
Oy DUCE B I R e Ko R HOR . 2 2013 4,
ULM €& Al X 43 44 &b 15 32 B/ T2 A 3K 5y i
FHU L ZIEWMBLT 15D FEFNY ORI BR [ 500 R
YR ST PR AT ) O3 PR AR T T B
NP R R DN N R
2 ULM #ART R

K1 s AR ULM B g 2w 3em
2.1 ARG H AT > B E LA RO B
WA T AR SR R BRI e R
5 DU 7E b B 5 0 9 5 ) T BTS2 Ge A0 5 1 A7 FR
PSF 52303 43 ] 43 B9 5 56 1 i 1 7 0 R0 8 R
JZ2£2) (deep learning, DL) J5 g % Al 3l 2 - ik 2
KOV EEE .

2.2 SRR AF BRIk
W B AT B A TR P L L ' % e

Acquistion Detectior

"L DA 3 3R R IR i
8 FF WS i T A 3 T S A A
(14 4 I D0 SR B ) PRV SR

2.3 BRIE A E E X RN

I SRR SRR . B B R R oh 2B o ) 3 A8 Ak i
A= A 2 B 2 2 52 e L AT A A L B IR DX Yz 3 R
BER R R MGE R IE BT,

2.4 RRioe X 5 A B2 S IR
— N S A AR A B X I, DA e 2 R RS A
DA JE R R 2 R O RED . B IR MG 5 it 2 40 e L I Ik
SRR SRR, A AR R 7 R R . — M AR B T A
e 1 4 BBl A o R T A R D0 B e T R AR R
B AR R S R v 22 RSB B L O T i
BHa IR R TE AT I, DL # AR 78 7T 43 55
WHAHLOT ARk R A R T2 L3R, 0T R FH Bk
P 2 Y R A 0 S R R BRORLAE S

2.5 MOMAYES uE A IR AT T U0 A i R
PSZ ™ . R P ok B AS [ it A9 el 7 A 3
AT 0 A R 7 240 B o R B B T HE SR L
B ot UGN BB A 0 AT PR e, A &, IR
FR BRI VA R R X A v B RT3 PR A A R v R
WIS 5408, DESAILLY 265 DLy s i s 5
AR PR A A5 M R 30 e Al P ek 3 s = 4R
AL 119 322 282 7 (] 3 2 ] ) 2 G 1T B S i . A IR T
A BR i fale o6 R B R S ) T Bt 4 R 9 3
TRV Y RTAAk S SN T, AR AT R Rl 9 e R 2 S R
IRSLAT 5 19 e L 5 1% 5 3 3 i 3 T (R e Aot e 2
S LUSATREREARAS 5 S . KA 49 25 B0 R 78 11 4
B ARG, LAY /D g it AT DL B i

2.6 BN ENIRSLAE SR ULM BR A 55 — ek,
R A A B PR R B A A T — B R R S
(9 PSF 5 SC AN DICST (9 05t 550500 4% 0 iy 7 o A 96 AT S
3 FR B R E T 20— B I Ak T A, R
A AT SRR . SRR TR R, ARG B e R A
PR B BR . 2 A7 I A B B AR 3 s PR ) A it T
HR 0 U ) B T 3k A G e R A BT AR AR R R T
F G S A B o HE R RS B TR W ER R R
L BRI, Fie 2 A B 0 R 0 A 4 P R . 4R R
153 25 41 40 rp RS SO B L BT A 5 B0 1 R L X T o
P RVERE B E T, R RO A B T2

Isolation Localization Tracking

Mapping 0

B 11 USRmi A FH 38 (Acquisition: 38 HX; Detection: 46l ; Isolation: 43 &5 Localization: 5E {if ;
Tracking : 8 5% ; Mapping ; B 5



[ BE A AR AR 2021 AR5 37 %5 12 8] Chin ] Med Imaging Technol, 2021, Vol 37,No 12 . 1801 -

T BRSO B £ MR BT SONG 25020 RIS B S 1
U AR fifk R N AR 53 9% 30 AR 00 5 A W 7 ) L
(8 B[] s (R S A R T or B o5 5 57 sels
2.7  BREE 38 I O AE PR R 2 1) 60 F% AT A
R, T A 0% R R NT S R Je  IM AE  E ARRAE
P B iy S T M A v T 1 B AR R B R
P e PG ORIAE B BTt L A8 sl L i e s ) 4y FR 3 1
ZE s B, AR KRR 5 W sh 608 Jr W o
K HEZAR Rz — R HEBR T AN TR0 AR B 2 A A
T AR B TR T e P IR A 5 . BT ULM £
A A A B 22 B 2 fRT 5 R SR R0t 04 I 38 4K A
ATV BT A R 7 HL A T S A (i, — e
32k DA N7 B R0 A IOK R BE b Y D ) R R BE
FEFRIR 2 (Kalman) JE I #5 I
B M B R R R
2.8 T4k BIKIEE T 4mm
A O A b TR RE TR AR S A
R BB R 8 s I A I 2%
YA, A A R R B 4 BE R
1 RUBE B4R 3R /N B8 48 10 s v
R 1 Al v B g U 5 4 T R
R 35T 43 A T S B, L R B A
(AT 2 Pk
3 USRmi A TEZMIE
3.1 RAE RS UG RAR B
S AR R B B AR A
AR, AR AN & L Ad31
9 SE®, GHOSH 2§29 )
USRmi A [ 155300 /)y B = BT 7 ZL AR
AU INEA T (A IR
S e A 2P0 i A 2 2 L A
W, 22 B USRmi H A 76 7K W5 I 7
91T X 25 A ST 0 SRR T
(LW ER T I VR ZN
ME DL AT R AL 5 30 b R G 5 45
P T R 4 9 SR 6 HE R S R R
WM 2 B A P b
2012 4F , GESSNER %1250 # 1y —
Tl s 4 B 2408 18 I AR B R BD
GESIN=S RN IR R A LR e
DAL A8 S, I A 00 g 5 1
(A A4 Y I 45 AR BRAH G TR S
H 53 632 BR T AR & 5240

4mm

Detected positions

Velocity map

Direction map

%, ULM A USRmi 50 ¥ 76 1958 K T 5, ATl
o A AR AR e U B . LIN 400 L USRmi
WLEE R BRUET 248 DA R B = 4 ol 4 A X IR 2) L I 5 i
JE 2H 2R X B 5 7 e R I A AR R R e EE S
S5 PRIR 23 18] 53 PR AH AL G2 75 2 1 A8 3 5 R IR $2 71

ULM HF il 10 8 B 5 56 3 o i 487 98 25 o
VPR IBUH G A= W b3 ik . 2018 4R, OPACIC %57 §2
thiz 2h B A&/ & & L B % (motion model
ultrasound localization microscopys mULM) Yk Jy 4
HEBR R BRI PR SR FH A o T 5 LR 75 i A
TR 1200 N 4 OB 23 B 3 R RRT 1 2 50 T
Al U AN [] 1 7 2R 28 ik g (&l 3) 538 38 USRmi A 14
FC I RE 2550 AL 45 AR XS 1025 5 L 038 J7 19 | i it 38 B il

4 mm

4 mm

2C, oD\

[ 20261 7 R 43 S5 R % = 2 ot A A 2R A A A BT 2 TR G e AR R R R R L S e
R AR I A 45 4 CALB) A8 A DG M A (C D) 3D &5 4

(%]

mms'

0

“Q"

3070 BEF mULM MR ) L6 R B 280 60 g B b 1] Sl /s oo 78 26 R W0 057 8 7% A
X i A CAD L B Rl vl 2 (B ARG I 3 7 1) (C)



+ 1802 - i E R R R 2021 AR5 37 %45 12 ] Chin ] Med Imaging Technol, 2021, Vol 37,No 12

IR B R B O T X3 O [ 2
U, A7 A 12 W Ik g R
TS B g7 ST N A S R = A
USRmi 3 @ i 1fiL & W) 25 45 20 25
Fa AT 5 Blyis Wil e sl X AN
[vi] 2 750 g

3.2 MW CT I &
(CT angiography, CTA) 1 MR
Il % W % (MR angiography,
MRAD Ay il AR i il 48 1A% 07
s, o A A ) AR o B Rl 2
K2, HOXF I3 2l 71 2% AN U
SRR EIES S RT3 FES
LB R L SR TR
Az LR TR R AR
PRUER 7 AR K b 2 T % i
LU L 3 TR R U 1 B T
Al BRCAG LG 0 G 1 A % et AR bR
AR 2, H e A i 2 R B
2B U A Mg R 4 K.
ERRICO %" F 2015 4 LA 15
MHz #8753 R 5 20 KRGk B
kO P A E BB
( ultrafast ultrasound
microscopy,
wULM) A7 K i i &7 B 45 (&
O, HAaAPREATHT 9 pm(1/
1000 MY I 4%, 1 LL 150 s 4 4 B
RS T T A I R . 2018
4£ COUTURE %™ 3 1 2 i 9K
SEH/NT 20 pm UG BREE IR
B RS Bh 0 T A R A R
FIG, 5i iR T 23 (8] 43 R 19 17 45

localization

Velocity(mm-s™)

B 4050 SR A S0 A Sk B R R AL AT TR BRI I R 43 B R R (15 MH2)

A, F R A EMA TR AL WULML A3 3] 10 pm X 8 pm (VR BE FIRS M 20 F8 %5 BORH A (9364

e R .

S N | il W & IR R NN |5
[CINE R ETNLE FTIN T2 N
SYHERE LT R M I RERFAE . AH L Z T, 8% USRmi
SRR Y A R 1) I R s Ak T O A Y B S )
2021 4 DEMENE 2559 # Jik i A fof, KLt ULM
TIOR3 3R 28 15 1% 2 AR 3R A M 1t % B A i
AL ML Bh 1 S8 U T 4 /5 ULM (transcranial
ULM, t-ULM) %S [b] 53 B A% 5 W 72 F iz 3l th 5%
25 T B [ T, O 3k (R 7 A R T K £ R L )

L 79 SF- T PR B s C. 58 S5 AT oULML KR8 12,5 pm X1 e (9T B FRE 7] 43 3 %, A
o s fe /N LS 58 BE R 20 pm; DL E C Y ER 43 10048 A4 T T PN B IR R I3 T 1))

AR FEAEAE 32 3 15 B0 T N K . B34y
HEH AR 25 pm, I T R A RZ AT 1 mm
Gy T 5 B 0 il ) S5 40 =22 A1 L 3 T RAE Sl bR B4 Il 3
s 12 (| 5) . USRmi £ #f 289 2% 4 sk B A B R
S AT A R T R A G G B A B T 2 S 1 e
e )],
3.3 BERSE 2017 4F FOIRET Z9 ¥ USRmi



[ BE A AR AR 2021 AR5 37 %5 12 8] Chin ] Med Imaging Technol, 2021, Vol 37,No 12 + 1803 -

110
mm

5001 - ULM RGBSk AL A7 K 3 kg a8 0 & il i I 00 - ULM(BRAS 24 )5
B.C. 2R 6 mm(B) .7 mm JZ2JE(C)CTA e Kok FERSE K (SRS A K 3l ko . 15

5 Sk 7R LA 5 R 7R 200 DX

B 6033 it )EE ok BB i 4 RO R A R IEMR AL BUE 22 (CO) RUMLAS -5 4186 5T (OMD R 9 B
J (IMD A9 B /NI AE 22 R0 A 0 S8 A9 X500, L 1) R 4 = 7L sk (PA)Y 5 B, S35 A Wik 0 21 117 A
HIEZ ;s C.F ARk 2] 70 DMRGR AR s D. MR T1 3% K%

T BE GO A DL iR R BB 8 E K R E
PAERAN B e et {3 M P i gl RS 0 e ) B B 0%
B2 B I I AR IE  [R] 8RR SO LA Al /0 a4 1 O
BB 5 2R R W0 R B B I A SR AR B T T
SONG %55 #E USRmi B 75 5 Th7 A 5 5, 4 PR S0 14
R A AE SR B RO R S 5 SR R AR R
F-BeE MR IE DA T T RO B w23 38, LURAF Rtz )
B T BE AL SR . CHEN %953 A USRmi

AR LIREZE 32 pm 43 3 J1 10 %
A58 Xk T AR ) U A i, T
S 1B T A5 40 UL ) 1
HeAl I BB E RN L B R R
FAERE I 25 12 34 5 1 A % B G
R G, R X TUE AR AR
Shy W AT VR s A R IR 12
Wr T. H., ANDERSEN 20550 D) pie
PRI AR 68 P SR A5 K B AU ft
FRE L A5 %) v T 400 £ 6 7 R A
REUZ(E 6), B A K U
Bt A b, 25 2 WoRz kT
Z T8 B R

A USRmi £ F 058 2 #4
B /1N B LB 0 | H ik
EL 5 o A5 % e IR 0 o ot
F ARG T A RE, i
JER T AR, ANA R ULM
23— RS W 2, PR IR R 21
LUNHOZ rAEYE R .
4 R

2% 10 4Fh, USRmi £ %
i ULM £AR 5 il 188 5 g
AT SR A B O T 98 L i S
JUE 45 45 Bl BIF 5, A LI IR 5% Ak AT
FAAETE 22 B Ag L 32 B0k B 7E I
(ERh N T N U S A § e
Bl 45 5 1 Y BRI DL B = 4 b
HE IRE JLAT I AR | 5 Ab 3 55 3%
M P2 K > =A@, o
75 ML A5 235 4 5 S 5 I ) Sy H 32
BLERRE 2 — o FLK i R 4 A AT
it 23 PR AR B sl AR S B 5 BUA
Q5T 5 3T R TR A RO R
S — RN, R G2 A
255 24 (I PRAR ME L 0F 428 1 98 X RUE W B2 . DL 80k A7
BT 5 il R PR AR H 3 R E— 2 PP Al . ARAE R KT
R 75 A ASCKE T G 3 A 28 B R = 4 R A, (2
W BT AITORS A , O 0 A A A

[ £ % 3Tk ]

[1] CHRISTENSEN-JEFFRIES K, COUTURE O, DAYTON P A,



[2]

(3]

[4]

(5]

(6]

[7]

(8]

(9]

(10]

(11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

1804 -

o E B 2R R B R 2021 AR5 37 #5258 12 8] Chin ] Med Imaging Technol, 2021, Vol 37,No 12

et al. Super-resolution ultrasound imaging [J]. Ultrasound Med
Biol, 2020,46(4):865-891.

IKEDA O, SATO T, SUZUKI K. Super-resolution imaging
system using waves with a limited frequency bandwidth[J]. ]
Acoust Soc Am, 1979,65(1):75-81.
ERRICO C, PIERRE ], PEZET S,
localization microscopy for deep super-resolution vascular imaging [J].
Nature, 2015,527(7579):499-502.

BETZIG E, PATTERSON G H, SOUGRAT R, et al. Imaging
intracellular fluorescent proteins at nanometer resolution [J].
Science, 2006,313(5793):1642-1645.

HESS S T, GIRIRAJAN T P, MASON M D. Ultra-high
resolution imaging by fluorescence photoactivation localization
microscopy[J]. Biophys J, 2006,91(11):4258-4272.

RUST M J, BATES M, ZHUANG X. Sub-diffraction-limit
imaging by stochastic
(STORM) [J]. Nat Methods, 2006,3(10):793-795.

ZHENG Y, KRUPKA T, WU H, et al. Direct measurement of
blood flow velocity in small diameter vessels using contrast-
enhanced ultrasound[J]. Ultrasound Med Biol, 2009, 35(8S):16.
ROY H S, ZUO G, LUO Z, et al. Direct and Doppler angle-

independent measurement of blood flow velocity in small-diameter

et al. Ultrafast ultrasound

optical  reconstruction microscopy

vessels using ultrasound microbubbles[]]. Clin Imaging, 2012, 36
(5):577-583.
SIEPMANN M, SCHMITZ G, BZYL ], et al. Imaging tumor
vascularity by tracing single microbubbles[ C/OL]. (2012-09-05)
[2021-05-31] . https://ieeexplore. ieee. org/stamp/stamp. jsp? tp
= &.arnumber=6293297. pdf.

VIESSMANN O M, ECKERSLEY R J, CHRISTENSEN-
JEFFRIES K, et al. Acoustic super-resolution with ultrasound
and microbubbles[J]. Phys Med Biol, 2013,58(18):6447-6458.
DESAILLY Y, COUTURE O, FINK M, et al. Sono-activated
ultrasound localization microscopy [J]. Appl Phys Lett, 2013,
103(17):174107.

OREILLY M A, HYNYNEN K. A super-resolution ultrasound
method for brain vascular mapping [J]. Med Phys, 2013, 40
(11):110701.

CHRISTENSEN-JEFFRIES K, BROWNING R J, TANG M X,
et al. In vivo acoustic super-resolution and super-resolved
velocity mapping using microbubbles [J]. IEEE Trans Med
Imaging, 2014,34(2):433-440.
BAR-ZION A, SOLOMON O, TREMBLAY-DARVEAU C, et
al. SUSHI:
hemodynamic imaging [J]. IEEE Trans Ultrason Ferroelectr
Freq Control, 2018,65(12):2365-2380.
van SLOUN R | G, SOLOMON O, BRUCE M, et al. Super-

Sparsity-based  super-resolution  ultrasound

resolution ultrasound localization microscopy through deep
learning[J]. IEEE Trans Med Imaging, 2021,40(3):829-839.
van SLOUN R J G, DEMI L, SCHALK S G, et al. Contrast-
enhanced ultrasound tractography for 3D vascular imaging of the
prostate[J]. Sci Rep, 2018,8(1):14640.

COHEN R, ZHANG Y, SOLOMON O, et al. Deep convolutional
robust PCA with application to ultrasound imaging [[C/OL]. (2019-
04-16) [2021-05-31]. https://iecexplore. ieee. org/stamp/stamp.
jsp?tp= &.arnumber=_8683030. pdf.

GHOSH D, XIONG F, SIRSI S R, et al. Toward optimization

[19]

[20]

[21]

[22]

(23]

[24]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

of in vivo super-resolution ultrasound imaging using size-selected
microbubble contrast agents[J]. Med Phys, 2017,44(12):6304-
6313.

LIN F, TSURUTA ] K, ROJAS J D, et al.

sensitivity of ultrasound

Optimizing
contrast-enhanced super-resolution
imaging by tailoring size distribution of microbubble contrast
agent[J]. Ultrasound Med Biol, 2017,43(10):2488-2493.
SONG P, TRZASKO J D, MANDUCA A, et al. Improved
super-resolution  ultrasound  microvessel  imaging  with
spatiotemporal nonlocal means filtering and bipartite graph-based
microbubble tracking[J]. IEEE Trans Ultrason Ferroelectr Freq
Control, 2018,65(2):149-167.

TANG S, SONG P, TRZASKO ] D, et al. Kalman filter-based
microbubble tracking for robust super-resolution ultrasound
microvessel imaging[J]. IEEE Trans Ultrason Ferroelectr Freq
Control, 2020,67(9):1738-1751.

KIESSLING F, FOKONG S, BZYL J, et al. Recent advances in
molecular, multimodal and theranostic ultrasound imaging[J].
Adv Drug Deliv Rev, 2014,72:15-27.

SIEGEL R, MILLER K, FUCHS H, et al. Cancer statistics,
2021[J]. CA Cancer ] Clin, 2021,71(1):7-33.

GHOSH D, XIONG F, SIRSI S R, et al. Monitoring early
tumor response to vascular targeted therapy using super-
resolution ultrasound imaging [C/OL]. (2017-09-02) [2021-05-
317.
& arnumber=_8092246. pdf.

GESSNER R, AYLWARD S, DAYTON P.

microvasculature with acoustic angiography yields quantifiable

https://iecexplore. iece. org/stamp/stamp. jsp? tp =
Mapping

differences between healthy and tumor-bearing tissue volumes in

a rodent model[J]. Radiology, 2012,264(3):733-740.
LIN F, SHELTON S E, ESPI’ND()L/\ D, et al. 3-D Ultrasound

localization microscopy for identifying microvascular morphology
features of tumor angiogenesis at a resolution beyond the
diffraction limit of conventional ultrasound [J]. Theranostics,
2017,7(1):196-204.

OPACIC T, DENCKS S, THEEK B,

ultrasound localization microscopy for preclinical and clinical

et al. Motion model
multiparametric tumor characterization[J]. Nat Commun, 2018,
9(1):1527.

SOLOUKEY S, VINCENT A J P E, SATOER D D, et al.
Functional ultrasound (fUS) during awake brain surgery: The
clinical potential of intra-operative functional and vascular brain
mapping[J]. Front Neurosci, 2020,13:1384.
COUTURE O, HINGOT V, HEILES B,

localization microscopy and super-resolution: A state of the art[]].
2018, 65 (8):

et al. Ultrasound

1304-1320.
DEMENE C, ROBIN J, DIZEUX A, et al.
ultrafast ultrasound localization microscopy of brain vasculature
in patients[]]. Nat Biomed Eng, 2021,5(3):219-228.

FOIRET J, ZHANG H, ILOVITSH T,
localization microscopy to image and assess microvasculature in a
rat kidney[J]. Sci Rep, 2017,7(1):13662.
CHEN Q, YU J, RUSH B M, et al.

Transcranial

et al. Ultrasound

Ultrasound super-
resolution imaging provides a noninvasive assessment of renal

microvasculature changes during mouse acute kidney injury[J].



o [ R 2 ARG R 2021 4E5 37 45 12 8] Chin J Med Imaging Technol, 2021, Vol 37,No 12

+ 1805 -

Kidney Int, 2020,98(2):355-365.
[33] ANDERSEN S B, TAGHAVI 1, HOYOS C A V, et al. Super-
resolution imaging with ultrasound for visualization of the renal
microvasculature in rats before and after renal ischemia: A pilot
study[J]. Diagnostics (Basel), 2020,10(11):862.
[34] GHOSH D, PENG J, BROWN K,

ultrasound imaging of skeletal muscle microvascular dysfunction

et al. Super-resolution

in an animal model of type 2 diabetes[J]. ] Ultrasound Med,

2019,38(10):2589-2599.
[35] ZHU J, ROWLAND E M, HARPUT S, et al. 3D super-
resolution US Imaging of rabbit lymph node vasculature in vivo
by using microbubbles[]J]. Radiology, 2019,291(3) :642-650.
[36] QIAN X, KANG H, LI R, et al. In vivo visualization of eye
vasculature

ultrasound microvessel

2020, 67 (10):

using  super-resolution

imaging [ J]. IEEE Trans Biomed Eng,

2870-2880.

Adult clavicle chondromesenchymal hamartoma: Case report

B A 8B R (8 AT SR A T 1 B

Aberi ™ B, FHRLLK

(L. ST RO R 27 P48 DLJR I PR B2 22 B » A 3¢ty P48 DLJR
2. WEAR LR T NI BE B s A8 BE . 52 AR LR

[Keywords |
[RgER] B BE RS KEEEAR X LI
DOI: 10. 13929/j. issn. 1003-3289. 2021. 12. 010

[HE4S%ES] R738.3; R814.42 [X#kFRiRF] B

[XEHS]

Re R % %, Kk’
021000
021000

clavicle; chondromesenchymal hamartoma; tomography, X-ray computed

1003-3289(2021)12-1805-01

1D,

B 1 BUEEE R AL CT S B A se CT KR ; C. 4L CT # & BHMR (Fias gkl 5 D BLE (HE, X 200)

BEF 62 % M0 1 A0S EINE, LU B0 I i
YR B W A D BR R G 3 4. A iR . 22 BE I i
AL fil e BH W, B R O BE B 21 M s A7 I LA 30 em L7 RIFAR
TR, G R, LRERARNAR R, W CT. £8id
P s BT IR, B R B A R T 6.1 em X
4.3 emX 3.8 e BRAL % 5, B R AW CT fH 42 HU (K]
TA) 3R 3 b o L BH 3R AK (B 1B 51 7 n) 9 &k 9 L /N B
FARE AL (B 10, #ARFF BN 9 RYE &AM, 17
CTHI S N ABUE MW 2 BTG R A . i 30 AT IR U 1 € 28 ) 41
#1345, A2 0.05~0. 10 em, 1 0. 2~0. 6 cm, B HIAR; GE T I
TR ek 200 A i B/ ek S DR /N g DL P T JB P
A3 B AT WL A K £ 4E R LR 1D) . SR Uk Vim(+)
S100(—) ,ERG(—),D2-40 #(—), i H 2 Wi . CBE) 5| )t
PEEE A4 98 (chondromesenchymal hamartoma, CMH) ,

Wit CMH J& 5 WL B B AR AR L 30 o5 B 2 1k & b
0. 0326+ 22 LT B Ml B A0 22 4 LB i e A T RN Bl & D
JLARIE . CMH i R 26 BU-5 22 0 3 07 55 VI AH 5% . /8 20 DRV
JR R B ik R 2 . BlE CMH CT 2 3L % 8B i
R B BB RE AOLEE I 1T L B AN AL SR Wy
B 5 23 R B 23 B4 K N T DL T TR A A B R R
RN A R L 0 B8R A1 A 0 S e A iR A S T L B Ry
Tasde. SR W . OFCE AR & TRE JEE . CT 7] UL
JHE B TR R X B ] Bl A AL 0 g 9 DL ke B R S AL L 3 i
Ja BRI S)IRAL s QFCH B MR L 4 S TRE i, 2 8 D
i O R B0 R L N PR AL, AT L RE A i 5 © 3 kR A
BRI R TRAERE 2 B B IR, B B AR
PR UL 53 5 AR T8 e 2 40 U 08 909 A P9 LR - T T, A
LIS A B A A

[E—1EH] LI (1995—) , B Uz 8 , M B LN TR+, BE i . E-mail: fhj1261995@126. com

[ BEH] 2021-07-26 [(EEBH] 2021-10-18



