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[Abstract] Objective To explore the application value of high - resolution magnetic resonance
imaging vascular wall imaging (HR-VWI) in endovascular recanalization of chronic internal carotid artery
occlusion (CICAO). Methods A total of 11 patients with symptomatic CICAO were treated by
recanalization from March 2018 to September 2019. The original and ferminal part of occlusion, and
occlusion segment with or without residual lumen, intracavitary thrombosis and arterial dissection were
shown to classify according to preoperative HR-VWI. Type | occlusion (ocular segment occlusion), type Il
occlusion [occlusion of the internal carotid artery (ICA) bulb to the clinoid process and its proximal
intracranial segment] and type lll occlusion (occlusion of the ICA bulb to the ocular segment and beyond),
and type A occlusion (with residual lumen but without thrombosis or arterial dissection), type B occlusion
(residual lumen, thrombus and arterial dissection in residual lumen), type C occlusion (no residual lumen
and no thrombus and arterial dissection) and type D occlusion (no residual lumen but with intracavitary

thrombosis and arterial dissection) were recorded by with preoperative and intraoperative DSA. The
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recanalization rate, perioperative complications and prognosis were recorded. Results The preoperative
HR-VWI showed type | occlusion in 2 cases, type Il occlusion in 6 cases and type lll occlusion in 3 cases,
and type A occlusion in 4 cases, type B occlusion in 2 cases, type C occlusion in one case and type D
occlusion in 2 cases. Compared with intraoperative DSA, the positive detection rate of HR - VWI for
residual lumen, intracavitary thrombosis and arterial dissection was 10/11.  One case (1/11)
preoperative HR-VWI classification was type I occlusion which confirmed by intraoperative DSA really
was type Il occlusion. A total of 10 patients (10/11) for recanalization, one failure case was HR-VWI
classification type lll - C. Perioperative complications occurred in 2 patients (2/11). Six and 7 patients
improved in the first and third month after surgery, and 5 and 4 patients were stable, one patient developed
in-stent restenosis in the sixth month after the operation. Conclusions Preoperative HR - VWI showed
residual lumen in occlusion segment indicated higher success rate of recanalization and safety, and

thrombosis in the residual lumen increased the risk of perioperative complications, but did not reduce the
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success rate and prognosis of recanalization.
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Figure 1 Preoperative imaging findings of CICAO type | occlusion DSA showed right ICA terminated in the ocular segment (thick
arrow indicates), and stenosis was seen at the rock bone segment and cavernous sinus segment (thin arrow indicates, Panel la). Axial
enhanced 3D -T,-SPACE sequence showed the lumen of the ocular segment of right ICA disappeared and locally occluded (arrow
indicates, Panel 1b). MPR showed occlusion of the ocular segment of right ICA (thick arrow indicates), and severe stenosis of the rock
bone segment (thin arrow indicates, Panel 1c). Coronal enhanced MPR showed significant enhancement of the rock bone segment of
right ICA (arrow indicates, Panel 1d).
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Figure 2 Preoperative imaging findings of CICAO type Il occlusion DSA showed occlusion of right ICA bulb, and tapered stump
(thick arrow indicates), right ECA was compensated to the intracranial via ophthalmic artery and regurgitated to the cavernous sinus
segment (thin arrow indicates, Panel 2a). Axial enhanced 3D -T,-SPACE sequence showed that intramural thrombus of ICA with
intraluminal thrombus (arrow indicates, Panel 2b). Coronal MPR showed hyperintensity in the lumen and local vessel wall from the
beginning of ICA bulb to the ocular segment (arrow indicates, Panel 2¢). Coronal enhanced MPR showed no obvious enhancement in the
carotid segment, suggesting that the intermural hematoma in the occluded segment was associated with intravascular thrombus (Panel 2d).
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Figure 3  Preoperative imaging findings of CICAO type lll occlusion DSA showed occlusion of left ICA bulb, and no stumps (arrow
indicates), no collateral compensation of ECA posterior traffic branch (Panel 3a). DSA showed the occluded segment ended in ICA
traffic segment, which was only compensated by right anterior circulation through the anterior traffic artery, and there was no reflux
toward the proximal end (Panel 3b). Sagittal MPR showed left ICA was occluded from the bulb to the traffic segment (arrow indicates,
Panel 3c). Sagittal enhanced MPR showed local enhancement of the wall of left ICA (arrow indicates, Panel 3d).
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Figure 4 Preoperative imaging findings of CICAO type A occlusion DSA showed the original part of occlusion of right ICA (arrow
indicates, Panel 4a). Axial enhanced 3D-T,-SPACE sequence showed the lumen in the carotid segment of right ICA was stenosed, the
wall was enhanced without thickening (arrow indicates), and the signals in the lumen were uniform and consistent (Panel 4b). Axial 3D-
Ti-SPACE sequence showed the lumen in the carotid segment of right ICA was stenosed (arrow indicates, Panel 4c¢). Sagittal MPR
showed right ICA occlusion at the beginning with long segmental gaps but no intracavity thrombosis or arterial dissection (arrow
indicates), indicating residual lumen in the occluded segment (Panel 4d).
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Figure 5 Preoperative imaging findings of CICAO type B occlusion DSA showed occlusion of right ICA bulb (arrow indicates, Panel
5a). Axial enhanced 3D-T,-SPACE sequence showed residual lumen in the carotid segment or right ICA (thick arrow indicates),
hyperintensity in the lumen of the rock bone segment (thin arrow indicates), and left ICA was unobstructed (Panel 5b, 5c¢). Sagittal
enhanced MPR showed residual lumens in the carotid segment of right ICA (thick arrow indicates), hyperintensity in the lumen of the
rock-bone segment (thin arrow indicates), and no "valvular signs" or "double-lumen signs", indicating thrombosis in the vascular lumen

(Panel 5d).
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Figure 6 Preoperative imaging findings of CICAO type C occlusion DSA showed occlusion of left ICA bulb (arrow indicates, Panel
6a). Axial 3D-T,-SPACE sequence showed collapse of the carotid segment of left ICA (arrow indicates, Panel 6b). Axial
enhanced 3D-T,-SPACE sequence showed the cavernous sinus segment of left ICA flow-void disappeared, indicating occlusion (arrow
indicates), and right ICA was unobstructed (Pane 6¢). Sagittal enhanced MPR showed left ICA was occluded from the beginning to the
traffic segment (arrow indicates), with no true lumen and no thrombus in the lumen (Panel 6d).
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Figure 7 Preoperative imaging findings of CICAO type D occlusion DSA showed occlusion of right ICA bulb and tapered stump
(arrow indicates), right ECA was compensated to the intracranial via the ophthalmic artery, without regurgitation to the proximal end
(Panel 7a). Axial 3D-T,-SPACE sequence showed mixed signals in the carotid segment of right ICA (arrow indicates), left ICA displayed
flow-void (Panel 7b). Coronal MPR showed hyperintensity in the lumen of the occluded segment (arrow indicates, Panel 7¢). Coronal
enhanced MPR showed no obvious reinforcement of occluded segmental vessel wall, sugesting the presence of intraluminal thrombus but

no residual cavity was suggested (Panel 7d).
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Figure 8 Imaging findings before operation of Case 1 DSA showed right ICA bulb was occluded
without stump (arrow indicates, Panel 8a). DSA showed right ECA compensated the intracranial artery
through the ophthalmic artery, and regurgitation to the rock bone segment, and multiple plaques with
stenosis from the rock bone segment to the ophthalmic segment (arrow indicates, Panel 8b). Axial TTP
map showed TTP in right temporal parietal lobe and center of semicovale was slightly longer than that
in left side (yellow areas indicate, Panel 8c). Axial MTT map showed MTT in right temporal parietal
lobe and center of semicovale was slightly longer than that in left side (green areas indicate, Panel 8d).
Axial CBF map showed CBF in right temporal parietal lobe and center of semicovale was slightly lower
than that in left side (blue areas indicate, Panel 8e). Axial CBV map showed CBV of right temporal
parietal lobe and center of semicovale was slightly lower than that in left side (blue areas indicate,
Panel 8f). Axial 3D-T,-SPACE sequence showed the carotid segment of right ICA collapsed (arrow indicates, Panel 8g). Axial enhanced
3D-T\-SPACE sequence showed the carotid segment of right ICA collapsed, the wall of the blood vessel and part of the thrombus in the
lumen were enhanced (arrow indicates, Panel 8h). Coronal enhanced MPR showed the carotid segment of right ICA collapsed, and
multiple plaques with stenosis from the rock bone segment to the ophthalmic segment were seen (arrow indicates, Panel 8i).
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Figure 9 DSA findings during opration of Case 1 DSA showed residual cavity of occluded
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segment (arrow indicates), and no thrombosis or arterial dissection in the lumen (Panel 9a). After
right ICA was dilated from top to bottom with a balloon, a stent was implanted in the siphon
segment and right ICA bulb, and right ICA was successfully re-opened (TICI grade 3), the distal

operation of Case 1

artery was unobstructed (Panel 9b, 9c).
MRA showed patency of right ICA (Panel 10a). Coronal MPR showed
slight stenosis of the bulb of right ICA with patency of the distal end (arrow indicates, Panel 10b).

Figure 10 Imaging findings at 24 months after
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Figure 11 Imaging findings before operation of Case 6 DSA showed left ICA bulb was occluded, and
tapered stump (arrow indicates, Panel 1la). DSA showed the anterior and posterior communicating

HGE S SIAGHER

arteries and ophthalmic artery did not compensate the intracranial artery, which was only compensated
by the pia vessels of PCA (Panel 11b). Axial TTP map showed TTP in the left frontal temporal lobe and
centrum semiovale was significantly longer than that in right side (red areas indicate, Panel 11c). Axial
MTT map showed MTT in the left frontal temporal lobe and centrum semiovale was significantly longer
than that in right side (green areas indicate, Panel 11d). Axial CBF map showed CBF in the left frontal
temporal lobe and centrum semiovale was significantly lower than that in right side (green areas indicate,
Panel 11e). Axial CBV map showed no significant reduction areas (Panel 11f). Axial enhanced 3D-T,-
SPACE sequence showed thrombosis in the carotid occlusion segment of left ICA (arrow indicates, Panel
11g). Axial enhanced 3D-T,-SPACE sequence showed ophthalmic segment plaque of left ICA inducing
the disappearance of arterial lumen (arrow indicates, Panel 11h). Coronal enhanced MPR showed left

ICA occlusion with thrombosis (arrow indicates), and residual lumen at occluded segments (Panel 111).
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segment could be seen, the thrombus in the occluded segment was loose and free, moving to distal of the rock bone segment (arrow
indicates, Panel 12a). After opening the ophthalmic segment of left ICA, two stents were applied to cover the plaque in the ocular segment
and the thrombus that eventually moved to the cavernous sinus segment, the thrombus was completely attached to the vascular wall, and the
vascular recanalization was successful (TICI grade 3), and the distal end of the artery was unobstructed (Panel 12b, 12c).
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Figure 12  Imaging findings
during operation of Case 6
Loach guide wire and

multifunctional  catheter  were
used to enter the left internal
carotid artery bulb during the
operation,  the  presence  of

vascular lumen in the cervical
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