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[ Abstract]  Objective To examine the efficacy and safety ( blood-brain barrier permeability) of right hemisphere
cerebral perfusion imaging using transcranial ultrasound following skull thinning in the rat. Methods Forty-eight Sprague
Dawley rats received local skull-thinning surgery for transcranial ultrasound perfusion imaging ( with injection of 0. 15 mL

™

SonoVue " ). Perfusion findings were compared before and after the skull surgery in six rats, and the brains were examined

by magnetic resonance imaging (n =2) or Evans blue staining (n =4). The skulls of the rats were also removed for
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pathological examination to measure the thickness of the remaining skull. Perfusion in the right hemisphere of the brain was

analyzed in 48 rats with a time-intensity curve to obtain quantitative transcranial ultrasound perfusion imaging parameters.

Results  After the surgery, the ultrasound perfusion imaging of the right hemisphere was improved, with typical perfusion

patterns including a rapid wash-in and wash-out, and slow clearance of the contrast enhancement. The average peak

intensity ( PI) value after skull thinning was almost three times higher than that before surgery [ (9.98 £2.35) dB vs (3.24
+1.49) dB, respectively; P < 0.01], while the time to peak (TTP) was unchanged [ (4.66 £0.45) s vs (3.86 =
1.43) s, respectively; P> 0.01]. The thickness of the thinned skull after grinding was approximately (66.1 £11.4)

pm. Evans blue staining and magnetic resonance imaging showed no observable blood brain barrier damagses. Conclusions

Skull-thinning surgery is safe and can be applied to small animals for quantitative ultrasound imaging without a craniotomy.

This minimally invasive and real-time imaging technique may be useful for dynamic studies of cerebral blood flow changes in

various animal disease models.
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Note. (A) The peak intensity of the right hemisphere was 3. 67 dB before thinning of the right skull.

(B) The peak intensity of the right hemisphere increased to 12. 01 dB after thinning of the skull.

Figure 1 Comparison of ultrasound perfusion imaging before and after skull

grinding in the same rat (L: left. R right)
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Figure 2 Transcranial ultrasound perfusion imaging at different times

after contrast agent injection (s, seconds)
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Figure 3 Time-intensity curve of enhanced ultrasound in the

right hemisphere of the brain in normal rats
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Figure 4 Comparison of parameters of the time-intensity curve before and after skull thinning in normal rats
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Note. (A) No obvious Evans blue staining on the brain surface. (B) No obvious Evans blue staining in the cerebral cortex or

parenchyma (C) No obvious cerebral edema on T2-weighted magnetic resonance imaging (MRI). (D) No local concentration of contrast

agent was observed by enhanced MRI.

Figure 5 Assessment of the safety of skull thinning and transcranial contrast-enhanced ultrasound
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Note. (A) Rat cranium after grinding of the skull. (B) The thinned skull. (C) Histology of the unthinned skull at the equivalent position on

the left hemisphere. ( HE stainning) (D) Histology of the thinned skull on the right side.

Figure 6 The skull after skull-thinning surgery

AR ICEL T A 416 HOR B W RS 4
PR P T IR S, A5 R e B AT 5 7 AT S A
SR HIR AT 3 25 S, (ELIN 8] 2 B Ay B I 22
5o L LT IAR R AU AT L] A R 5 AL
AR AEAN S 0 LA IR T

WAL 5 B2 (PT) S S I 2 2R i 3 98 R 2 B9
TR, S R W AE AL A AR P 3 50 R
R SCHR H DIIRORE 75 3 R PR 8 2 (B T2

I Fi BBy R R KRS T B A TR 3R S ), 45 S 4K
ZESEK, BN PLZEIEH AR BRI ik 3 ~ 6
5, ARMEE NS N Z B AT b i e R AT
RYSEgh, B 2H 48 FUE S IR KB PL R BE
TR — B, BB T 256 T i AR KRR U
PG R 5T P B AT AT ) A I B 8 1 7
T RUAGAE % PR R BRI 8 1 i W R vh T e LA AR
LN FHAR A



rp [ S B M 2018 4E 10 A 54526 %5 5 1 Acta Lab Anim Sci Sin, October 2018, Vol. 26 No. 5 547

ARWFFEWAFAE—E R R PRV, b 1R )
Xof A BRAA5L05 JF 40 2 T AR I AT 5 50 X R B
Ao iR HEA T 4R A DR R B AT TR 000 i 2 21
HETE XS LE o3 S A, FRATTAE T Y 75 3 5% 51
SonoVue J2 H #f [E P ME—BE RN H T A B9 & 52 57 s
WANVELF ABRRE T R AR, 7 RSk A U
RORATBR B  a T PR st AN H) 7 J5 3000 12 X
MAFAIILES . AR ANAE A AT BIFGIHC A6 PR 52 70, 1
IXREW] B R AIOCR

4 INGS

ARSI 30 ok S YR R T R A R L ) JE R A
TTE—EREE Z N, 35 s T SD KB 1y
28 P 7 T U AOR IR EB L8 e MRI K
BHIPUESE TR n 2 4 e (] o il B s
%) 22 T 75 T JAG A B A oA SR i R 1t i S
SR BB v — e PR | S TR 4 DF Al Il i R
HE RG22 7 1 TR B 8 R 7 W 3 A5 oM I
TSN 15 ARG I (AN b TS og | IfL 4 1 Ak
) SR TR IR AR A T B

£ % X Bk (References)

[ 1] Kaspar M, Partovi S, Aschwanden M, et al. Assessment of

contrast-enhanced ultrasound: a new

Swiss Med Wkly, 2015,

microcirculation by
approach in vascular medicine [ ] ].
145 . w14047.

[2] LiuD, Qian L, Wang J, et al. Hepatic perfusion parameters of
contrast-enhanced ultrasonography correlate with the severity of
chronic liver disease[ J]. Ultrasound Med Biol, 2014, 40(11) ;
2556 —2563.

[ 3] Lamby P, Jung F, Graf S, et al. Effect of iodinated contrast
media on renal perfusion: A randomized comparison study in pigs
using quantitative contrast-enhanced ultrasound ( CEUS) [J].
Sci Rep, 2017, 7(1) : 13125.

[ 4] Meairs S, Kern R. Intracranial perfusion imaging with ultrasound
[J]. Front Neurol Neurosci, 2015, 36: 57 —70.

[ 5] Reitmeir R, Eyding J, Oertel MF, et al. Is ultrasound perfusion
imaging capable of detecting mismatch? A proof-of-concept study
in acute stroke patients[ J]. J Cereb Blood Flow Metab, 2017,
37(4) . 1517 - 1526.

(6] Jaicxfb, B, gk, & @itk XS B 57 R
[7]. hESEShY A, 2010, 18(04) : 360 -363.

Qu HH, Zhao Y, Lu JQ, et al. Current status of research on
animal models of experimental ischemic stroke [ J]. Acta Lab

Anim Sci Sin, 2010, 18(04) : 360 —363.

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

B, KT, TATE, AF. SRR A ke i A8 A A 3
HALI]. T E SIS Py aE R, 2009, 17 (06) : 432 - 436
+396.

Zhao H, Li YN, Wang RZ, et al. Comparison of three
procedures in the establishment of rat models of focal cerebral
ischemial[ J ]. Acta Lab Anim Sci Sin, 2009, 17 (06) ;: 432 —
436 +396.

FERRAR, X5, kAR, 55, R BUR kR il sl 1t A5 285 4 J
HERSCHAE AT [T]. b E SR S YR, 2015, 23 (05)
506 -508 +512.

Cui XR, Liu Z, Zhang ZB, et al. Analysis of the correlation
between three evaluation methods of rat models of focal cerebral
ischemia/reperfusion[ J]. Acta Lab Anim Sci Sin, 2015, 23
(05): 506 —508 +512.
Errico C, Pierre J, Pezet S, et al. Ultrafast ultrasound
localization microscopy for deep super-resolution vascular imaging
[J]. Nature, 2015, 527(7579) : 499 -502.

Urban A, Mace E, Brunner C, et al. Chronic assessment of
cerebral hemodynamics during rat forepaw electrical stimulation
using functional ultrasound imaging [ J ].
101 138 - 149.

SER, IR, GroutAE. R AR I BN 5 i 1) 5 1
[J]. eIz, 2000, (9): 807 -810.

Jin GL, Dai RX, Yu XB, et al. Effect of craniotomy on blood-brain
barrier in rats[ J]. Chin J Trauma, 2009, (9): 807 -810.

Brayman AA, Lizotte LM, Miller MW. Erosion of artificial

Neuroimage, 2014,

endothelia in vitro by pulsed ultrasound: acoustic pressure,
frequency, membrane orientation and microbubble contrast agent
dependence[ J ]. Ultrasound Med Biol, 1999, 25 (8): 1305
-1320.

Wu J, Cubberley F, GormLey G, et al. Temperature rise
generated by diagnostic ultrasound in a transcranial phantom[]J].
Ultrasound Med Biol, 1995, 21(4): 561 —568.

Federlein J, Postert T, Meves S, et al. Ultrasonic evaluation of
pathological brain perfusion in acute stroke using second
harmonic imaging[ J]. J Neurol Neurosurg Psychiatry, 2000, 69
(5): 616 -622.

Zlokovic BV. The blood-brain barrier in health and chronic
neurodegenerative disorders[ J]. Neuron, 2008, 57 (2): 178
-201.

Zeynalov E, Jones SM, Seo JW, et al. Arginine-vasopressin
receptor blocker Conivaptan reduces brain edema and blood-brain
barrier disruption after experimental stroke in mice [ J]. PLoS
One, 2015, 10(8): €0136121.

Bing KF, Howles GP, Qi Y, et al. Blood-brain barrier ( BBB)
disruption using a diagnostic ultrasound scanner and definity in

mice[ J]. Ultrasound Med Biol, 2009, 35(8) : 1298 —1308.
[WKFBE] 2018 -05-09



