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Effectiveness of Retrograde Angiography 
via the Contralateral Carotid Artery in  
Mechanical Thrombectomy for Carotid 
Non-T Occlusion by Dual Puncture Technique

Atsushi Uyama, Kazuma Tsuto, Takashi Matsumoto, and Masataka Takeuchi

Objective: We report the effectiveness of retrograde angiography via the contralateral carotid angiography using a dual 
puncture technique in mechanical thrombectomy (MT) for non-T occlusion in patients with acute internal carotid artery 
(ICA) occlusion not involving the ICA terminus.
Case Presentation: In the dual puncture technique, arterial puncture is performed at two sites: a balloon guiding catheter 
(BGC) is navigated to the ICA on the affected side and another catheter is navigated to the unaffected side. Thrombus 
retrieval is performed by manual aspiration through the BGC and MT using a stent retriever and/or aspiration device. 
Reperfusion is confirmed by retrograde angiography via the carotid artery on the unaffected side, with manual aspiration 
through the BGC on the affected side. Throughout the procedure, the BGC blocks the blood flow in the ICA on the affected 
side until reperfusion is confirmed. No distal embolization was occurred in our three patients treated using this technique.
Conclusion: Application of the dual puncture technique on MT is recommended for non-T occlusion to prevent distal 
embolization.

Keywords▶ � mechanical thrombectomy, non-T occlusion, acute internal cerebral artery occlusion, retrograde angiography, 
contralateral carotid artery

Introduction

The outcome of acute internal carotid artery (ICA) occlu-
sion remains poor, even after employing various revascular-
ization procedures.1) Recently, favorable results of 
mechanical thrombectomy (MT) were reported.2,3) How-
ever, in patients with acute ICA occlusion, distal emboliza-
tion may occur during MT due to substantial thrombus in a 
large-caliber vessel.4–6) ICA occlusion may involve an 
extensive area (from the cervical portion to the terminus), 
but no study has examined occluded-site-related differences 

in treatment strategies or results. Treatment strategies 
depend on whether the site of occlusion involves the ICA 
terminus, that is, T occlusion (Fig. 1A) or non-T occluson7) 
(Fig. 1B). In particular, distal embolization to the ICA ter-
minus or middle cerebral artery (MCA) in patients with 
non-T occlusion may lead to marked deterioration of neuro-
logical symptoms. Here, we report the effectiveness of ret-
rograde angiography via the contralateral carotid artery 
using the dual puncture technique to prevent distal emboli-
zation in MT for non-T occlusion of the ICA.

Case Presentation

Dual puncture technique
In the dual puncture technique, arterial puncture is per-
formed at two sites. In general, the bilateral femoral arter-
ies are punctured. A balloon guiding catheter (BGC) is 
inserted into the affected-side ICA, and a diagnostic cathe-
ter is inserted into the unaffected side of the carotid artery. 
Contrast medium retention at the proximal ICA is con-
firmed using angiography through the BGC on the affected 
side (Fig. 2A). A collateral pathway to the affected side via 

This work is licensed under a Creative 
Commons Attribution-NonCommercial- 
NoDerivatives International License.

©2021 The Japanese Society for Neuroendovascular Therapy

Department of Neurosurgery, Seisho Hospital, Odawara, 
Kanagawa, Japan

Received: October 14, 2020; Accepted: January 20, 2021
Corresponding author: Atsushi Uyama. Department of Neuro-
surgery, Seisho Hospital, 1-16-35, Ogicho, Odawara, Kanagawa 
250-0001, Japan
Email: auyama811@yahoo.co.jp

Journal of  Neuroendovascular Therapy Vol. 15, No. 11 (2021)

Journal of  Neuroendovascular Therapy 2021; 15: 747–754

Online March 2, 2021



748

Uyama A, et al.

the anterior communicating artery (ACoA) is confirmed 
using angiography via the unaffected side (Fig. 2B). 
Anterograde ICA blood flow is blocked with the BGC on 
the affected side. Initially, thrombus retrieval is attempted 
via manual aspiration through the BGC (Fig. 2C). When it 
is not achieved, blockage with the BGC is continued and 
thrombectomy is performed using a stent retriever and/or 
aspiration device (Fig. 2D). Recanalization is confirmed 
using retrograde angiography via the contralateral carotid 
artery under blood flow blockage with the BGC on the 
affected side (Fig. 2E). At this point, aspiration is per-
formed through the BGC to promote contrast medium 
reflux to the affected side. After confirming complete reca-
nalization at the cervical portion to the terminus using ret-
rograde angiography, BGC blockage is removed. Lastly, 
recanalization is confirmed using anterograde angiography 
through the BGC on the affected side (Fig. 2F).

Fig. 1  (A) T occlusion (ICA terminus is involved as the occlusion 
site) and (B) non-T occlusion (ICA terminus is not involved as the 
occlusion site). ICA: internal carotid artery

Fig. 2  Schematic illustration of the “dual puncture technique”. (A) 
The BGC is navigated to the ICA at the affected side and another 
catheter is navigated to the unaffected side. Angiography via the 
BGC shows stagnation of the contrast media at the proximal ICA. 
(B) Angiography via the catheter at the unaffected side shows 
patency of the ACA and MCA at the affected side via the anterior 
communicating artery. (C) The ICA blood flow at the affected side is 
interrupted by the BGC. Initially, manual thrombus aspiration through 
the BGC is performed. (D) Subsequently, MT using a stent retriever 

and/or aspiration device is performed. (E) Reperfusion is confirmed 
by retrograde angiography via the carotid artery at the unaffected 
side with manual aspiration through the BGC. The blood flow of the 
ICA at the affected side is blocked by BGC until the confirmation of 
reperfusion. (F) Blockage of the ICA flow is removed. Lastly, reper-
fusion is confirmed by antegrade angiography via the BGC at the 
affected side. ACA: anterior cerebral artery; BGC: balloon guiding 
catheter; ICA: internal carotid artery; MCA: middle cerebral artery; 
MT: mechanical thrombectomy

Journal of  Neuroendovascular Therapy Vol. 15, No. 11 (2021)



749

Mechanical Thrombectomy for Carotid Non-T Occlusion

Three patients who were treated using this method are 
summarized in Table 1. The patient background and treat-
ment procedures are described below.

Case 1
A 92-year-old woman developed left complete hemiplegia. 
Upon arrival, her National Institutes of Health Stroke Scale 
(NIHSS) score was 15. The Alberta Stroke Program Early 
CT score (ASPECTS)-diffusion-weighted imaging (DWI) 
on MRI was 9 (Fig. 3A and 3B). MRA revealed occlusion 
of the right ICA proximal to the terminus and right M1 
segment of the MCA, suggesting a tandem lesion (Fig. 3C). 
ICA occlusion was evaluated as non-T occlusion. Emer-
gency thrombectomy was performed. Initially, thrombec-
tomy with the dual puncture technique for the right ICA 
occlusion was attempted to prevent distal embolization to 
the anterior cerebral artery (ACA) area. Bilateral femoral 
artery puncture was performed. Right common carotid 
angiography demonstrated contrast medium retention at the 
proximal area of the right ICA (Fig. 3D). On angiography 
via the left common carotid artery (CCA), bilateral ACAs 
were visualized (Fig. 3E). A FlowGate 8Fr (Stryker, 
Kalamazoo, MI, USA) was used to guide to the right ICA. 
After blocking the right ICA blood flow, a large volume of 
thrombus was retrieved by manual blood aspiration through 
the FlowGate (Fig. 3F). Retrograde angiography via the 
left CCA confirmed right ICA recanalization (31 min after 
the first puncture session) (Fig. 3G). Right ICA angiogra-
phy through the BGC revealed that M1 occlusion remained. 
Thrombectomy using a combined technique with a Penum-
bra ACE 68 (Penumbra, Alameda, CA, USA) and Trevo Xp 
4 × 30 mm (Stryker), in addition to the arterial injection of 
urokinase, was added. Thrombolysis in cerebral infarction 
(TICI) grade 2a recanalization was achieved (Fig. 3H and 
3I). The interval from the first puncture session to recanali-
zation (fP2R) was 89 min. After 3 months, the patient’s 
modified Rankin scale (mRS) score was 5.

Case 2
An 81-year-old man had reduced consciousness level, 
aphasia, and paralysis of the right upper and lower limbs. 
Upon arrival, his NIHSS score was 21. On MRI, the 
ASPECTS-DWI was 10 (Fig. 4A and 4B). MRA revealed 
occlusion proximal to the left ICA terminus (Fig. 4C), 
suggesting non-T occlusion. Emergency thrombectomy using 
the dual puncture technique was performed. The right fem-
oral and right brachial arteries were punctured. The left 
femoral artery was occluded, and puncture was impossible. 
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Fig. 3  Case 1. (A and B) The ASPECTS-DWI is 9 on MRI. (C) MRA 
shows occlusion of the right M1 and ICA with patency of the right ICA 
terminus, indicative of non-T occlusion. (D) Angiography of the right 
CCA shows stagnation of contrast media at the proximal ICA on the 
frontal projection. (E) Angiography of the left CCA reveals bilateral 
ACA. (F) The substantial thrombus is extracted by manual aspiration 
through the BGC. (G) Reperfusion of the right ICA is confirmed by 
retrograde angiography via the left CCA with manual aspiration 

through the BGC. (H and I) Antegrade angiography via the right ICA 
reveals TICI 2a recanalization on the frontal and lateral projections 
after thrombectomy for right MCA occlusion. ACA: anterior cerebral 
artery; ASPECTS-DWI; Alberta Stroke Program Early CT score- 
diffusion-weighted imaging; BGC: balloon guiding catheter; ICA: 
internal carotid artery; CCA: common carotid artery; MCA: middle 
cerebral artery; TICI: thrombolysis in cerebral infarction

Fig. 4  Case 2. (A and B) The ASPECTS-DWI is 10 on MRI. (C) MRA 
shows left ICA occlusion with patency of the left ICA terminus, indica-
tive of non-T occlusion. (D) Angiography of the right CCA shows prox-
imal ICA occlusion on the frontal projection. (E) Angiography of the 
right CCA reveals the left ACA and MCA via collateral blood flow 
through the Acom. (F) The substantial thrombus is extracted by the 
ADAPT technique using a Penumbra ACE68. (G) Reperfusion of the 
left ICA is confirmed by retrograde angiography via the right CCA with 

manual aspiration through the BGC. (H and I) Antegrade angiography 
via the left ICA reveals TICI 3 recanalization on the frontal and lateral 
projections. ACA: anterior cerebral artery; Acom: anterior communi-
cating artery; ADAPT: a direct aspiration first pass technique; 
ASPECTS-DWI: Alberta Stroke Program Early CT score-diffusion- 
weighted imaging; BGC: balloon guiding catheter; CCA: common 
carotid artery; ICA: internal carotid artery; MCA: middle cerebral 
artery; TICI: thrombolysis in cerebral infarction
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was also subsequently confirmed by anterograde angiogra-
phy at the right side. The fP2R was 36 min. However, 
blood flow was delayed, suggesting the presence of a dis-
secting lesion involving the right cervical to the cavernous 
portion (Fig. 5J). Two Carotid Wallstents (Boston Scien-
tific, Natick, MA, USA) and a Neuroform Atlas (Stryker) 
were inserted, and the blood flow was improved (Fig 5K 
and 5L). TICI grade 3 recanalization was achieved (Fig 5M 
and 5N). After 3 months, his mRS score was 1.

Discussion

Few comparative studies have investigated the differences 
between T occlusion and non-T occlusion in patients with 
acute ICA occlusion based on clinical features and treat-
ment results of MT.7,10) These two factors may influence 
MT strategies, as ischemic tolerance depends on the pres-
ence of an ACoA-mediated contralateral collateral pathway. 
In T occlusion, the collateral pathway is poor and thus 
requires more prompt recanalization as compared with 
non-T occlusion.2,10,11) Ota et al.7) retrospectively examined 
81 patients who underwent MT for T occlusion or non-T 
occlusion and reported results of their multicenter cooper-
ative study. Participants included 61 patients with T occlu-
sion and 20 with non-T occlusion. No significant differences 
were observed in terms of treatment outcomes or incidence 
of distal embolization as a complication between the two 
groups. However, in their study, MT procedures were not 
standardized, and the influence of different procedures on 
treatment outcomes was not investigated.

With regard to MT for non-T occlusion, if the ICA ter-
minus or MCA is occluded due to distal embolization, 
neurological symptom may be markedly deteriorated; 
therefore, careful monitoring should be made to prevent 
distal embolization. To achieve this, anterograde blood 
flow blockage should be continued until the thrombus is 
completely removed. In addition, careless anterograde 
angiography via the affected side for confirming recanali-
zation should be avoided. Using a BGC, ICA blockage 
during the procedure helps prevent the occurrence of distal 
embolization.12) From this viewpoint, MT was performed 
for non-T occlusion using the dual puncture technique 
under anterograde ICA blood flow blockage with a BGC 
balloon from the first angiography session after BGC inser-
tion to the confirmation of recanalization using retrograde 
angiography via the contralateral carotid artery. In our 
three patients, this method facilitated distal embolization- 
free recanalization of the ICA. Tsuji et al.6) performed 

On the left CCA angiography, the area distal to the ICA ori-
gin was poorly visualized (Fig. 4D). An 8Fr FlowGate was 
inserted to the left ICA. Angiography through a catheter 
inserted into the right CCA via the right brachial artery 
demonstrated that an ACoA-mediated collateral pathway 
was responsible for blood supply to the left ACA and MCA 
(Fig. 4E). Thrombus retrieval was not achieved with man-
ual aspiration through the BGC. Based on the microguide-
wire movement, the proximal end of the thrombus was 
considered to be present at the petrous portion of the ICA. 
A Penumbra ACE 68 was inserted to the petrous portion, 
retrieving a large volume of thrombus using the ADAPT 
technique8) (Fig. 4F). Retrograde angiography via the 
right carotid artery confirmed recanalization (Fig. 4G). 
Subsequently, angiography via the left side confirmed TICI 
grade 3 recanalization (Fig. 4H and 4I). The fP2R was 37 
min. After 3 months, the patient’s mRS score was 2.

Case 3
A 70-year-old man had mild paralysis of the left upper 
limb. On the initial consultation, complete paralysis of the 
left upper limb, incomplete paralysis of the left lower limb, 
and left hemispatial neglect were observed. His NIHSS 
score was 11. MRI revealed multiple cerebral infarction of 
the right hemisphere. The ASPECTS-DWI was 11 (Fig. 5A 
and 5B). On MRA, the right ICA was interrupted at the 
cervix (Fig. 5C), suggesting non-T occlusion. Thrombec-
tomy with the dual puncture technique via bilateral femoral 
artery puncture was performed. On right CCA angiogra-
phy, the area distal to the ICA origin was poorly visualized 
(Fig. 5D). A Branchor 9Fr (Asahi Intecc, Aichi, Japan) 
was inserted to the right ICA. Angiography through a cath-
eter inserted into the left ICA demonstrated that an 
ACoA-mediated collateral pathway was responsible for 
the blood supply to the right ACA and MCA (Fig. 5E). 
Thrombus retrieval was not achieved with manual aspira-
tion through the BGC. Microguidewire movement sug-
gested occlusion at the cavernous portion of the ICA. A 
Solitaire Platinum 6 × 40 mm (Medtronic, Minneapolis, 
MN, USA) was deployed from the C2 to the cavernous 
portion of the ICA (Fig 5F and 5G). Angiography of the 
left side confirmed retrograde flow restoration (Fig. 5H). A 
Penumbra JET7 (Penumbra) was inserted to the cavernous 
portion, and the Solitaire was retrieved into the Penumbra 
under the applied vacuum in the Penumbra using an aspira-
tion pump (aspiration catheter with proximal balloon 
[ASAP] technique9)). Retrograde angiography via the left 
carotid artery confirmed recanalization (Fig. 5I), which 
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aspiration through a BGC and ICA recanalization was 
promptly achieved. According to a report published by 
Ota et al., the incidences of intracranial ICA stenosis and 
arterial dissection in patients with non-T occlusion were 
significantly higher than in those with T occlusion7); the 
necessity of additional treatment for these lesions after 
thrombectomy must also be considered. In Case 3, a dis-
secting lesion was suggested, and additional stenting was 
performed. In some patients with non-T occlusion, symptoms 

contralateral carotid angiography using a method similar to 
ours in six patients with acute ICA occlusion, including T 
occlusion, and reported its usefulness for the prevention of 
distal embolization.

In patients with non-T occlusion, the thrombus site is 
relatively proximal. In some cases, complete recanaliza-
tion is relatively readily achieved with manual aspiration 
through a BGC; thus, it should be initially performed. In 
Case 1, a large volume of thrombus was retrieved by manual 

Fig. 5  Case 3. (A and B) MRI shows multiple DWI high lesions in 
the right hemisphere. (C) MRA shows right ICA occlusion with 
patency of the right ICA terminus, indicative of non-T occlusion. (D) 
Angiography of the right CCA shows stagnation of contrast media at 
the proximal ICA on the lateral projection. (E) Angiography of the left 
CCA reveals the right ACA and MCA via collateral blood flow through 
the Acom. (F and G) MT by combined technique using a Solitaire 
platinum 6 mm × 40 mm and Penumbra JET7 on the frontal and lat-
eral projection. (Arrowheads: Solitaire, arrow: the tip of JET7). (H) 
Immediate flow restoration is confirmed by retrograde angiography 
via the left ICA with manual aspiration through the JET7. (I) Reper-
fusion of the right ICA is confirmed by retrograde angiography via 

the left ICA with manual aspiration through the BGC. (J) Antegrade 
angiography via the right ICA reveals delayed lamina flow with a 
severe stenotic lesion at the cavernous portion of the ICA. (K and L) 
Additional treatment via placement of a Carotid Wallstent and Neu-
roform Atlas is performed. (White arrowheads: Wallstent, black 
arrowheads: Neuroform) (M and N) Final antegrade angiography via 
the right ICA reveals TICI 3 recanalization on the frontal and lateral 
projections. ACA: anterior cerebral artery; Acom: anterior communi-
cating artery; BGC: balloon guiding catheter; CCA: common carotid 
artery; DWI: diffusion-weighted imaging; ICA: internal carotid artery; 
MCA: middle cerebral artery; MT: mechanical thrombectomy; TICI: 
thrombolysis in cerebral infarction
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continuous anterograde blood flow blockage and recanali-
zation confirmation on retrograde angiography via the 
unaffected side. In patients with non-T occlusion, the dual 
puncture technique with retrograde angiography via the 
contralateral carotid artery to prevent distal embolization 
should be positively applied even if the operative time is 
slightly prolonged.
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