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Magnetic resonance angiography for head and neck arteries of Bama minipig
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[Abstract] Objective To display the normal vascular structures of head and neck of Bama minipig by three-
dimensional time-of-flight (3D TOF) and time-resolved imaging of contrast kinetics (TRICKS) magnetic resonance
angiography (MRA), and to compare and analyze the imaging indicators of arteries, so as to provide references for large
animal models of cerebrovascular disease. Methods 3D TOF and TRICKS MRA of head and neck vessels in 3 healthy
Bama minipigs were performed using a 3.0 T magnetic resonance system. The artery definition scores of the two MRA
methods were compared, and the contrast ratio (CR), signal-to-noise ratio (SNR) and contrast-to-noise ratio (CNR) of the main
arteries were calculated for quantitative analysis. Results In terms of artery definition, 3D TOF MRA and TRICKS MRA
both achieved high scores for the common carotid arteries and external carotid arterial system, but low scores for posterior
circulation. 3D TOF MRA was significantly better than TRICKS MRA in displaying the intracranial artery system (1.60%0.50
vs 1.3720.49, P=0.019 8). Quantitative analysis showed that TRICKS MRA improved CR of arteries to different
extents; however, there were no significant differences in SNR or CNR between 3D TOF and TRICKS MRA (P>0.05).
Conclusion Both 3D TOF and TRICKS MRA have good and comparable diagnostic performance for common carotid
arteries and their main branch structures of Bama minipig, and each method has its advantages and limitations.
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Fig 1 Diagram of neck and cranial artery of Bama minipig

Arteries could be divided into five groups as follows:
(1) common carotid artery (CCA); (2) posterior circulation,
including vertebral artery (VA), and basilar artery (BA);
(3) arteries prior at internal carotid artery (ICA), including
ascending pharyngeal artery (APA), occipital artery (OA),
muscular branch of APA (M-APA), and rete mirabile (RMB);
(4) intracranial arterial system, including ICA, circle of Willis
(CW), anterior cerebral artery (ACA), middle cerebral artery
(MCA), and posterior cerebral artery (PCA); (5) external
carotid system, including external carotid artery (ECA),
lingual artery (LA), facial artery (FA), internal maxillary
artery (IMA), middle meningeal artery (MMA), ciliary artery
(CA), and external ethmoidal artery (EEA). Potential vascular
communication branches are shown by dotted lines, including
ramus anastomoticus (RA) originated from MMA, and arteria
anastomotica (AA) stems from external ophthalmic artery
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Fig2 Head and neck arteries of Bama minipig by 3D TOF MRA, TRICKS MRA and DSA
A-F: 3D TOF MRA; G-J: TRICKS MRA; K, L: DSA. A-D: Main instracranial and extracranial arteries by thick layer
MPR-+MIP. A: CCAs and their main branches are shown, but basilar artery may be seen indistinctly (short arrows); B: Arteries
prior at ICA and ICA system can be seen; C: APA and its intracranial branches, and ECA and its main branches are shown; D:
APA and its extracranial branches. E: RMBs by axial thin layer MIP of 3D TOF MRA. The bilateral RMBs (dashed box) are
interconnected by extensions that hug the posterior wall of the sella turcica (long arrows). F: Spindly winding basilar artery
(short arrows) by oblique coronary thin layer MPR. G, H: Lateral view (G) and frontal view (H) of arteries originated from neck
aortic arch by three-dimensional VR reconstruction. I, J: Main neck arteries by thick layer MPR+MIP. I: Bilateral CCA system;
J: Bilateral vertebral arteries (short arrows). K: Arteries originated from AA; L: Main intracranial and extracranial arteries.
3D TOF: Three-dimentional time-of-flight; MRA: Magnetic resonance angiography; TRICKS: Time-resolved imaging
of contrast kinetics; DSA: Digital subtraction angiography; MPR: Multi-planar reconstruction; MIP: Maximum intensity
projection; CCA: Common carotid artery; ECA: External carotid artery; APA: Ascending pharyngeal artery; IMA: Internal
maxillary artery; CA: Ciliary artery; EEA: External ethmoidal artery; RMB: Rete mirabile; ICA: Internal carotid artery;
CW: Circle of Willis; ACA: Anterior cerebral artery; LA: Lingual artery; FA: Facial artery; MMA: Middle meningeal artery;
OA: Occipital artery; M-APA: Muscular branch of ascending pharyngeal artery; VR: Volume rendering; AA: Aortic arch;
BT: Brachiocephalic trunk; L-SUBA: Left subclavian artery; R-SUBA: Right subclavian artery; CCT: Common carotid trunk;

R-CCA: Right common carotid artery; L-CCA: Left common carotid artery
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Tab 1 MRA definition of head and neck arteries of Bama minipigs by 3D TOF and TRICKS

n=3,xts
Artery 3D TOF TRICKS P value
Common carotid artery 4.00%0.00 4.00£0.00 Not available
Posterior circulation 1.000.00 1.67£0.49 0.0572
Vertebral artery 1.0040.00 2.0040.00 <<0.000 1
Basilar artery 1.00£0.00 1.33£0.52 04226
Arteries prior at internal carotid artery 2.50+0.78 1.96+0.69 0.069 1
Ascending pharyngeal artery 3.671+0.52 2.831+0.41 0.199 4
Occipital artery 2.00%0.00 2.0040.00 Not available
Muscular branch of ascending pharyngeal artery 2.33£0.52 1.0020.00 0.057 2
Rete mirabile 2.00+0.00 2.00£0.00 Not available
Intracranial arterial system 1.60£0.50 1.37£0.49 0.0198
Internal carotid artery 2.00+0.00 1.5040.55 02254
Circle of Willis 2.00+0.00 2.00£0.00 Not available
Anterior cerebral artery 2.00£0.00 1.33£0.52 0.1835
Middle cerebral artery 1.00£0.00 1.00£0.00 Not available
Posterior cerebral artery 1.0040.00 1.0040.00 Not available
External carotid system 2.90+0.76 3.14+0.47 0.463 9
External carotid artery 4.00+0.00 4.00£0.00 Not available
Lingual artery 3.00+0.00 3.00+0.00 Not available
Facial artery 3.3340.52 3.00+0.00 0.422 6
Internal maxillary artery 3.33+0.52 3.334+0.52 1.000 0
Middle meningeal artery 2.00+0.00 2.67x0.52 0.183 5
Ciliary artery 2.331+0.52 3.00+0.00 0.183 5
Ethmoidal artery 2.331+0.52 3.00+0.00 0.183 5

3D TOF: Three-dimensional time-of-flight; TRICKS: Time-resolved imaging of contrast kinetics; MRA: Magnetic resonance angiography

3% 2 3D TOF MRA #1 TRICKS MRA X B B/NEE L H M EE MEM G ERLILER
Tab2 Quantitative comparison of main head and neck arteries of Bama minipigs between 3D TOF MRA and TRICKS MRA

n=3,x=xs

Attery CR SNR, CNR

3D TOF TRICKS P value 3D TOF TRICKS P value 3D TOF TRICKS P value

Left
CCA 0.524+0.10 0.76+0.02 0.0452 61.00+20.12 63.78+19.00 0.9077  42.44+17.72 55.05+17.14 0.558 3
APA 0.51£0.11 0.584+0.04 02702 52.36%+20.43 31.95+525 02993  36.584+19.40 23.274+2.95 0.4086
RMB 0.294+0.06 0.594+0.14 0.0229  29.11%+8.55 33.46+10.24 0.054 1 1341+6.12 2530%11.32 0.0594
ICA 0.214+0.09 0.35+0.13 0.1186  23.27+3.87 16.34+0.64 0.0736 8.141+3.95 843+2.60 0.8389
CW 0.23+0.17 0.40%0.14 0.1098 28.57+9.42 19.60+2.60 0.1786  11.324+9.98 11.17+4.04 0.9697
ACA 0.26+0.05 0.34+0.10 0.1849 23.53+4.66 1592+1.65 0.0597 9.72+334  8.13+2.52 0.284 1
ECA 0.56+0.09 0.74£0.04 0.0985 66.08+32.44 71.64+15.52 0.8554  48.85+29.21 61.13£13.92 0.6597
IMA 0.594+0.04 0.79+0.04 0.0341 54.62+1.89 72.83+2541 03385 40.58+1.47 64.31+23.24 0.2381
MMA  0.32%0.10 0.59+0.11 0.0895 27.85+3.69 32.78*t11.07 0.6051 13.63+4.76 24.88+10.56 0.274 3
Right

CCA 0.534+0.03 0.77+0.04 0.0083 58.05+16.31 57.91+14.84 09947  40.08+11.88 50.23+11.69 0.533 5
APA 0.49+0.15 0.61+0.06 04167 60.95+24.30 38.07+9.89 03661  41.11+24.57 28.96+8.57 0.590 3
RMB 0.204+0.05 0.55+0.19 0.0612 27.16+3.15 32.10413.55 0.500 1 9.04+299 23.74%14.97 0.1790
ICA 0.161+0.13 041+0.10 0.0434 21.64+537 16971420 0.4501 6.25+5.19  9.87+3.27 0.4045
CW 0.15+£0.16 0.38+0.09 0.0745 25734880 17.45+1.90 0.1926 7.45+8.83  9.61+2.38 0.6292
ACA 0.224+0.07 0.38+0.17 03790 22.40+3.48 16.96+554 0.2442 7.98+222  9.67+6.39 0.7572
ECA 0.54+0.04 0.75+0.01 0.0119  70.90+26.19 77.52+23.38 0.8334  50.24120.70 66.65+20.30 0.548 5
IMA 0.584+0.03 0.75+0.06 0.0143 59.16+£2.61 59.65+11.29 0.9558  43.37%£2.69 51.214+11.50 0.3929
MMA  0.33£0.06 0.50+0.21 0.3525 32.724+898 25701190 0.6106 1643+6.66 18.34+11.52 0.868 1

3D TOF: Three-dimentional time-of-flight; MRA: Magnetic resonance angiography; TRICKS: Time-resolved imaging of
contrast kinetics; CR: Contrast ratio; SNR,: Signal-to-noise ratio of artery; CNR: Contrast-to-noise ratio; CCA: Common carotid
artery; APA: Ascending pharyngeal artery; RMB: Rete mirabile; ICA: Internal carotid artery; CW: Circle of Willis; ACA: Anterior
cerebral artery; ECA: External carotid artery; IMA: Internal maxillary artery; MMA: Middle meningeal artery
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