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Application of Multimodal Transcranial Ultrasound in SD Rats of Cerebral Ischemic Model at Super Early Stage
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[ Abstract] Objective To determine the value of applying multimodal ultrasound (mUS) in SD rats of cerebral
ischemic model at super early stage (5-15 min after modeling). Methods Fifteen focal cerebral ischemic models were
established in SD rats with thinning skulls using the suture method. Gray-scale ultrasound, contrast-enhanced ultrasound,
and enhanced color Doppler (CECDUS) were performed before and immediately after the modeling to observe the
location of the in-cranial suture, perfusion of the right hemisphere, and color flow signal of the middle cerebral artery and
the anterior cerebral artery, respectively.A modified neurological deficit score (mNSS) and 2, 3, 5-triphenyltetrazolium
chloride (TTC) stains were obtained three hours later to confirm the successful modeling as the gold standard. The
positive rate detected by mUS was compared with the gold standard using McNemar tests. Results One
rat died and 14 rats completed the experiment.mUS imaging detected 71% (10/14) positive signals, no significant
difference compared with the gold standard (64%, 9/14) (P>0.05). A hyperechoic double-line at the bottom of the right
brain and focal hypoperfused areas in the right hemisphere were observed by gray scale ultrasound and contrast-enhanced
ultrasound in the successfully modeled rats, respectively. The CECDUS found no blood flow in the anterior and middle
cerebral arteries. Time intensity curve (TIC) analyses indicated significant changes in peak intensity (PI), area under the
curve (AUC), wash in slope (WIS), and time to peak (TTP) after successful modeling. Conclusion Multimodal
ultrasound can assess modeling success quickly and accurately immediately after the establishment of ischemic model of
SD rats.

[ Key words] Cerebral ischemic Multimodal ultrasound Super early diagnosis SD rat
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Fig 1 Transcranial ultrasound showed the line suture and intracranial arteries in rats with successful modeling (A-F) and rats with failed modeling (G-H) by

grayscale mode and CECDUS mode

The right sagittal section in a normal rat by grayscale mode(A) and the color mode (B) showed the blood flow of intracranial internal carotid artery.A hyperechoic
double-line could be seen at the bottom of the right brain by grayscale ultrasound in a successfully modeled rat (C), and the blood flow of intracranial internal carotid
artery disappeared (D). The transection of the brain shows a hyperechoic dot at the location of the right anterior cerebral artery (E) and the blood flow of middle cerebral
artery and anterior cerebral artery disappeared(F). Two rats with an abnormal position of the suture: one onthe top end of the filament passing through the right brain to

the left (G) andthe other one being inserted into the brain parenchyma (H), and bothwere confirmed to be hemorrhage subsequently.The blue arrows showed the filaments
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Fig 2 Transcranial ultrasound-enhanced color Doppler pattern of successfully
modeled rat (A) and failed model rat (B)
The blue arrow showed blood flow of the right anterior cerebral artery and

the white arrow showed blood flow of the right middle cerebral artery
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Fig 4 TTC stain and brain anatomy results in rats

A: The brain slices showing white stained areas indicated brain infarction; B: The brain slices showing no obvious abnormal staining areas by TTC; C: A hematoma

was shown in an unsuccessfully modeled rat
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Table Comparison of quantitative parameters of transcranial ultrasound cerebral blood flow perfusion imaging before and after modeling

[median ( min, max ) ]

Parameter n T1 T2 AT
PI/dB 9 9.34(7.38, 12.48) 5.22(3.33,7.28) —46%*
AUC/(dBs) 9 132.65(78.02, 179.77) 83.55(62.57, 114.28) -37%*
WIS/(dB/s) 9 7.90(2.49, 11.43) 2.62(1.45, 5.43) -64%*
TTP/s 9 3.77(3.58, 5.46) 5.46(4.62, 6.41) +32%*
RT/s 9 0.99(0.85, 2.73) 1.86(1.22,2.36) +42%
TPH/s 9 9.61(2.07, 23.27) 15.93(9.8, 24.78) +91%

A P<0.05; T1: Before modeling; T2: After modeling; AT: Percentageof changes before and after modeling, (T2—T1)/T1x100%; P1:Peak intensity; AUC: Area
under the curve; WIS:Washing in slope; TTP: Time to peak; RT: Rise time; TPH: Time from peak to half
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