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Abstract: Objective To establish a neonatal Tibet minipig model of hypoxic-ischemic encephalopathy and evaluate the
magnetic resonance imaging (MRI) manifestations and pathological findings. Methods Six neonatal (1-3 days old) Tibet
minipigs were randomized into model group (n=4) and control group (7=2). In model group, hypoxic-ischemic
encephalopathy was induced by surgical ligation of the bilateral carotid artery followedimmediately by hypoxic exposure in a
hypoxia chamber for 1 h. ESWAN was performed at 2 h, 24 h, 3 days and 5 days after induction of HIE or at 2 h after sham
surgery in the control animals to evaluate the brain damage. Conventional MRI scans (T.FLAIR, T.WI, and DWI) were also
performed at 24 h after the modeling. Results In the neostriatum, values of T,*-weighted MRI increased and reached the peak
level at 3 days post-injury (P<0.05). Subcortical white matter T,* values reached the peak level at 24 h (P<0.05). Neostriatum R,*
values were at the lowest level at 3 days (P<0.05). Magnitude values were significantly increased after the model establishment
(P<0.05). DWI showed multiple mild focal high signals in the bifrontal subcortical white matter and bilateral neostriatum;
T.FLAIR showed slightly increased signal; T2WI showed no obvious abnormalities. SWI showed dilated medulla veins
adjacent to the bilateral lateral ventricles and basal ganglia. In the early stage of HIE, brain pathologies were characterized
mainly by edema and venous congestion with occasional focal necrosis and hemosiderin deposition. Conclusion ESWAN
sequence is capable of detecting bleeding and brain edema, and T>*, R,*, and magnitude values can be used to estimate the
changes of brain damage following HIE.
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*1 AKX phasef&, magnitude &, T,*H,R.*&

Tab.1 Phase value, magnitude value, T.* value, and R;* value in the white matter (Mean+SD)

Model group (n=4)

Value Control group (n=2)

2 h after HIE 24 h after HIE 3 days after HIE 5 days after HIE
Phase value -0.09+0.09 0.08+0.14 -0.02+0.19 0.03+0.50 0.24+0.25
Magnitude value 183.11+62.66 562.68+103.39* 1797.00+373.92*  1047.73+155.67°  1542.81+182.45"
T,* value 40.84+7.69 25.89+2.19 46.84+15.23" 34.23+4.88 33.72+6.23
R.* value 28.65+5.62 39.41+2.92 21.13+9.69° 31.48+5.56 32.15+7.92

#P<0.05 vs Control group.

2 FEUREIX phase &, magnitude (&, T,*(&, R &

Tab.2 Phase value, magnitude value, T,* value, R;* value in neostriatum (Mean+SD)

Model group (n=4)

Value Control group (n=2)

2 h after HIE 24 h after HIE 3 days after HIE 5 days after HIE
Phase value 0.05+0.08 0.02+0.08 0.26+0.52 0.26+0.09 0.31+0.63
Magnitude value 200.21+10.16 1223.98+51.13* 2096.09+87.31* 349.24+45.36" 2128.86+70.74*
T,* value 29.52+2.86 39.61+3.16° 64.58+4.28" 147.19+65.50* 62.79+5.09*
R.* value 36.70+3.50 25.23+1.43* 15.79+0.99* 11.7244.19% 16.65+1.16

“P<0.05 »s Control group.

E1 HIERBEF24 h B T.*,R*E

Fig.1 T,* map and R,* map at 24 h after HIE injury. A, B: Large areas of increased signals in the white matter on T,* map and

decreased signals on R,* map; C, D: T,* map and R.* map of the control group.
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B2 SWI.DWIREMMRIFFHEFFIRIR, SWIKHIH FEENE A THERFS!
Fig.2 Conventional MRI and SWI, DWI imaging findings. SWI shows better performance in

detecting in microbleeding lesions than other sequences. A: DWI showed multiple focal abnormal
high signals in the bifrontal subcortical white matter and bilateral neostriatum (“x); B: T2FLAIR
showed slightly increased signals; C: T2WI showed no obvious abnormalities; D: SWI showed

dilated medulla veins next to the bilateral lateral ventricles ({ ). Focal point-like signal loss was

found in the right basal ganglia and thalamus. Arrow indicates microbleeding focus.

P AT Y

&3 HEHfE

Fig.3 HE staining of the brain tissue (Original magnification: x 400). A:

Subcortical white matter showing focal necrosis of glial cells with ruptured
nuclei and obvious expansion of the intercellular spaces; B: Neostriatum

neurons and neurogliocyte cytoplasmic swelling and vacuolization with

rupture of some cell nuclei.
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