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Morphological changes of blood vessel in the perilesion area and their effects on
cerebral blood flow recovery after traumatic brain injury in mice

LI Kunhang,ZHANG Junyue ,ZHANG Xudong, BAO Yijun
(Department of Neurosurgery , The Fourth Affiliated Hospital of China Medical University , Shenyang 110032, China)

Abstract Objective To explore dynamic changes in vascular morphology in the perilesional area after traumatic brain injury
(TBI) and their effects on cerebral blood flow (CBF) recovery. Methods A mouse model of moderate TBI was established. Cerebro-
vascular architecture was visualized using confocal microscopy. Quantitative morphometric analyses were performed within the peri-
lesional cortex using AngioTool. CBF was monitored using in vivo laser speckle imaging. The correlation between the dynamic changes
in cerebrovascular morphology and CBF recovery was analyzed. Results Compared to the sham group,both vascular density and total
length in the perilesional area of brain injury in the TBI group were significantly increased (P < 0.05). However, the increases in vascular
density and total length 3 days after TBI in the TBI group were reduced compared to those 1 day after TBI. On days 1 and 14 after TBI,
the vascular branching index was significantly higher in the TBI group than in the sham group (P < 0.05). The vascular diameter in the
TBI group decreased compared to that in the sham group 1 day after TBI but significantly increased 3 days after TBI (P < 0.05). During
the acute phase of TBI, CBF was significantly reduced. At 6 hours and on days 1 and 3 after TBI,the CBF in the injured hemisphere
decreased by 71.9%,63.9% ,and 67.8% ,respectively,compared with that in the contralateral hemisphere. CBF recovery commenced 3
days after TBI and returned to the level of the contralateral hemisphere 14 days after TBI. Spearman’s rank correlation analysis revealed
that both vascular density and total length were significantly positively correlated with CBF restoration (both r = 1,P < 0.01). Conclu-
sion Significant vascular morphological remodeling occurs in the perilesional area after TBI, and increases in vascular density and total
length are closely associated with CBF recovery,suggesting that early vascular structural repair is a key prerequisite for CBF recovery.
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A ,mouse brain structure (yellow dotted circle indicates craniotomy and injury site, blue solid line represents lambdoid suture,and green solid line shows

sagittal suture) 3B, procedure of controlled cortical impact; C, TBI mice exhibiting contusion (blue arrow) and hemorrhage (green arrow) ; D, coronal sec-

tion indicating a specific injury in the cerebral cortex, sparing the hippocampus. Scale bar = 0.5 mm.
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Fig.1 Establishment of a mice model of moderate TBI
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A, the area that underwent vascular analysis is delineated on the coronal brain section (blue square box) ; B, representative confocal micrographs of corti-

cal cerebral microvessels at different time points after TBI. Scale bar = 0.5 mm.
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Fig.2 Changes of vascular morphology at different time points during the repair phase after TBI
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Tab.1 Changes in vascular density, total vascular length, vascular diameter, and vascular branching index after TBI

Item n 1d 3d 7d 14d

Vascular density

Sham group 3 15.06 £ 1.37 14.94 £ 1.32 13.67 £ 1.54 14.77 £ 0.52

TBI group 3 24.45 £ 1.01 17.69 £ 0.51 2320+ 1.46 2551+ 141

P 0.001 0.028 0.001 <0.001
Total vascular length (mm)

Sham group 3 6.27 £0.59 5.41+0.54 6.07 £0.55 6.05 +0.42

TBI group 3 9.52 +1.05 7.08 £0.51 9.39 £ 0.81 10.70 £ 0.92

P 0.009 0.018 0.004 0.001
Vascular diameter ( x 107 mm)

Sham group 3 458 +0.12 4.38+0.17 4.37+0.07 4.26 +0.06

TBI group 3 4.12£0.16 5.15+0.05 4.63+£0.16 4.57+0.26

P 0.016 0.002 0.057 0.109
Vascular branching index

Sham group 3 3591.42 +253.03 3 608.79 + 449.94 3657.15 £263.32 3776.62 +376.72

TBI group 3 4.827.43 +402.55 3386.62 +248.69 4345.29 +365.22 5429.13 +487.92

P 0.011 0.496 0.057 0.009

6 h after TBI 1 d after TBI 3 d after TBI 7 d after TBI 14 d after TBI
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A, representative image of cerebral blood flow (CBF) detection. The regions of interest are marked with circles. The black circle denotes the site of injury,
whereas the blue circle indicates the contralateral region. B, five standard laser speckle images of cortical CBF after TBI. Colored bars indicate arbitrary
linear perfusion units. C, cortical CBF alterations after TBI were statistically analyzed. The results are presented as the ratio of the difference in CBF be-
tween the ipsilateral and contralateral sides to the contralateral CBF. n = 6 for each time point. Scale bar = 1 mm. * P < 0.001 vs. sham group.
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Fig.3. Dynamic evolution of cerebral blood flow after TBI
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