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Pas de conflit d’intérêt 
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Micro KT



Ø Par où commencer ? 

Ø Quel bilan ? 

Ø Passer la sténose

Ø Faut-il faire une angioplas9e ?

Ø Stent ? Lequel ? 

Ø AAP ?... 

Objectifs & questions  



Occlusion proximale de la circula9on 
cérébrale antérieure intra crânienne 
associée à une pathologie caro9dienne extra 
crânienne occlusive ou sténosante d’amont 

Qu’est ce qu’une 
occlusion en TANDEM? 



• 15% des AVCi

• Étiologie : athérome >>> dissection
à M. MAHMOUDI (Montpellier, FR) 

• Pathologie grave (<20% mRs 0-2)

• Procédures de Thrombectomies plus longues, plus 
difficiles, sujettes à plus de complications (ENT, 
perforations)  

Occlusion en TANDEM

Thrombectomy Complications in Large Vessel Occlusions: Incidence, Predictors, and Clinical Impact in the ETIS Registry 
E. Happi Ngankou et al. Stroke 2021 



Procédures plus longues 

Marko et al. JNIS 2021 ESCAPE-NA1 trial  

+30’

Non
TANDEM

TANDEM



• Diagnos9c posi9f d’occlusion en tandem 
non trivial 

• Scanner et IRM peuvent confondre 
occlusion et pseudo-occlusion (C1, L, T, 
M1prox)

Est-ce une occlusion en TANDEM ? 

W Boisseau et al. AJNR 2021
R Belachew et al. AJNR 2021  SWI 



A Diouf et al. Radiology 2018   32% 

Occlusion ou pseudo-occlusion 
en scanner  

Occlusion 
au bulbe  

Occlusion 

Occlusion L

Occlusion LOcclusion 
au bulbe  

Occlusion ?
Progression 
du contraste Occlusion C1



Occlusion ou pseudo-occlusion 
en scanner  

Jai Ho Choi et al. Stroke 2018
Menon BK et al Radiology 2015 

• Intérêt du scanner mul9phases
• Spécificité 70% à 95% 

AcquisiGon 
iniGale 

+8 à 10’’ +8 à 10’’ AcquisiGon 
iniGale 

+8 à 10’’ +8 à 10’’

Vrai tandem Pseudo-occlusion 



survenue à 12:30. Score de NHISS ini7al : 11. IRM TOF et T2* : M2 et bulbe ? 
Metalyse, heure de début : 15:20. 

ARM des TSA 1er passage > TOF 

Occlusion ou pseudo-occlusion 
en TOF  



Affirmer la « double » occlusion 
en IRM

W Boisseau et al. AJNR 2021 

• TOF : non spécifique    
• ARM des TSA « 1er passage » > TOF gado > TOF  
• Améliora9on avec acquisi9ons dynamiques 

(remplissage progressif en phases tardives)



Affirmer la « double » occlusion 
en IRM

W Boisseau et al. AJNR 2021 

• ARM des TSA dynamique 

delayed CE-MRA, raters corrected 43%–77% of incorrect diagno-
ses from the previous reading session (mean, 59%), while they
erroneously modified 0%–20% of previously correct diagnoses
(mean , 8%). Despite the use of additional delayed CE-MRA,
most raters (.5/10) continued to provide incorrect diagnoses in
6/32 cases (18.7%) exclusively, by misdiagnosing ICA PO as a
bulb occlusion: In 3/6 cases, DSA revealed a preocclusive stenosis
of the carotid bulb associated with an intracranial ICA occlusion.

In the 3 remaining cases, the quality of delayed CE-MRA was
poor due to movement artifacts.

Interrater Agreement
Interrater agreement regarding the diagnosis of carotid bulb pat-
ency on early CE-MRA is shown in the Table and Fig 4A.
Interrater agreement was moderate for all raters (k ¼ 0.41; 95%
CI, 0.27–0.55), without significant differences between junior and
senior raters. In 7/32 cases (22%), all raters agreed on the pres-
ence/absence of a carotid bulb occlusion. Interrater agreement
during the second reading session (with access to delayed CE-
MRA) was improved (k ¼ 0.56; 95% CI, 0.41–0.73) (Fig 4A)
(P ¼ .07): In 17/32 cases (47%), all raters agreed on the presence/
absence of a carotid bulb occlusion.

Intrarater Agreement
Intrarater agreement study results are shown in the Online
Supplemental Data and Fig 4B. Intrarater agreement was at least
substantial for 4/5 raters, including 2 raters with a perfect intra-
rater agreement (k ¼ 1.0). Compared with the second reading
session, accuracy performance during the third reading session
was unchanged for 3/5 raters, improved for 1 rater, and decreased
for 1 rater (but still improved compared with the first reading
session).

DISCUSSION
This is, to our knowledge, the first study addressing the diagnos-
tic accuracy and reliability of CE-MRA for the assessment of ca-
rotid bulb patency in patients with acute ischemic stroke. Our
study demonstrates a limited accuracy and agreement for the di-
agnosis of internal carotid bulb occlusion with early CE-MRA
compared with the reference DSA. The addition of delayed CE-
MRA to our comprehensive MR imaging protocol improved
both accuracy and interrater agreement.

ICA PO is a relatively common entity in case of acute terminal
ICA occlusion, occurring in about 11%–46% of cases.6-9 The
prevalence of ICA PO in our cohort (according to the reference
standard DSA) was 8/32 cases (25%), which is in line with results
from previous studies.6-9 The lack of differentiation between a
“true” bulb carotid occlusion and ICA PO could lead to several
issues. First, it may alter the inclusion of patients in future trials
focusing on the management of tandem occlusions (for exa-
mple, the ongoing French multicenter prospective randomized
Thrombectomy In TANdem Occlusion [TITAN] trial21), by
falsely enrolling patients with an aspect of tandem occlusion on

Diagnostic accuracy parameters and interrater agreement for the presence of carotid bulb occlusiona

Accuracy (%) Sensitivity (%) Specificity (%) Interrater Agreement
All raters (n = 10)
1st Session, CE-MRA alone 69% (59%–79%) 70% (33%–83%) 68% (50%–92%) 0.41 (0.27–0.55)
2nd Session, additional delayed CE-MRA 82% (73%–91%) 87% (67%–100%) 80% (65%–88%) 0.56 (0.41–0.73)

Senior raters (n = 5)
1st Session, CE-MRA alone 74% (69%–78%) 67% (33%–83%) 76% (65%–85%) 0.47 (0.27–0.68)
2nd Session, additional delayed CE-MRA 84% (78%–87%) 83% (67%–100%) 84% (81%–88%) 0.57 (0.40–0.76)

Junior raters (n = 5)
1st Session, CE-MRA alone 63% (53%–87%) 77% (67%–83%) 60% (50%–92%) 0.42 (0.27–0.60)
2nd Session, additional delayed CE-MRA 79% (72%–87%) 90% (67%–100%) 77% (65%–92%) 0.51 (0.33–0.70)

a Values are presented as percentage or k value (95% confidence interval).

FIG 2. Case 19. This patient with unknown stroke onset presented
with left-side hemiplegia and aphasia (NIHSS score of 20). Early CE-
MRA (A) shows an intraluminal filling defect of the right proximal bulb
ICA. Delayed CE-MRA (B) shows opacification of the right carotid ar-
tery up to the terminal ICA. DSA confirms distal occlusion of the right
ICA (C, lateral DSA) and the absence of critical stenosis at the proxi-
mal ICA (D, lateral DSA).White arrows indicates the occlusion site.

AJNR Am J Neuroradiol 42:1116–22 Jun 2021 www.ajnr.org 1119

Interrater and intrarater agreement for the diagnosis of an
ICA bulb occlusion was measured using Fleiss k statistics with
95% bias-corrected and accelerated confidence intervals obtained
by 10,000 bootstrap resampling.18 The k comparison inference
was conducted according to the method described by Vanbelle
and Albert.19

All analyses were performed with R statistical and computing
software, Version 3.3.2 (http://www.r-project.org/) and a signifi-
cance level of 5%. Slight, fair, moderate, and substantial agree-
ment categories were reported according to Landis and Koch.20

RESULTS
Patients
A total of 176 consecutive patients with AIS were treated by me-
chanical thrombectomy at our institution between September 2016
and April 2018. Among them, 102 patients with an isolated middle
cerebral artery occlusion, 21 with vertebrobasilar artery occlusion,
and 2 patients who did not receive endovascular treatment
(because of catheterization failure) were excluded. Among the 51
remaining patients, 9 patients underwent CTA and 10 patients a
early without delayed-phase CE-MRA were also excluded. The
remaining 32 patients were thus included in the present study.

Patients’ clinical, radiologic, and
treatment characteristics are presented
in the Online Supplemental Data. On
the basis of DSA (reference standard),
among the 32 patients, 6 patients had
an isolated carotid bulb occlusion and
26 had a suprabulbar occlusion (5
with cervical, 2 with petrous, 3 with
cavernous, and 16 with terminus
occlusions). Among these same 26
patients, 8 patients had a radiologic
pattern of PO (defined as a unilateral
intraluminal filling defect from the ca-
rotid bulb on the symptomatic side
shown with early CE-MRA, while
DSA showed a patent bulb with a
suprabulbar occlusion).

Illustrative cases of PO on CE-
MRA and DSA are shown in Figs 1
and 2. Additional cases are shown in
the Online Supplemental Data.

Accuracy Study Results for the
Assessment of Internal Carotid
Bulb Patency
The assessment of internal carotid
bulb patency using early CE-MRA
alone (first reading) or with ad-
ditional delayed CE-MRA (second
reading) for all 10 raters is graphically
displayed in the Online Suppleme-
ntal Data. Accuracy parameters (sen-
sitivity, specificity, and accuracy) are
detailed in the Table. Graphic repre-
sentations of the accuracy of each

rater for the first, second, and third reading sessions are shown
in Fig 3.

During the first reading session, raters’ accuracy for the diag-
nosis of carotid bulb occlusion ranged between 59% and 79%
(mean accuracy, 69%; 95% CI, 59%–79%). Sensitivity rates ranged
between 33% and 83% (mean sensitivity, 70%; 95% CI, 33%–
83%), whereas specificity rates ranged between 50% and 92%
(mean specificity, 68%; 95% CI, 50%–92%). No rater achieved
100% sensitivity, ie, no rater correctly identified all patients with
a carotid bulb occlusion. The number of erroneous diagnoses
(compared with DSA as the reference standard) ranged between
12.5% and 47% among raters (mean, 31%).

The second reading session (with access to an additional
delayed CE-MRA sequence) improved accuracy for 9/10 raters
(90%), now ranging between 73% and 91% (mean accuracy, 82%;
95% CI, 73%–91%; P, .001). For the last rater (rater 5), accuracy
was identical during the first and second readings. Sensitivity was
improved for 6/10 raters (including 5 raters with 100% sensitiv-
ity) and ranged between 67% and 100% (mean sensitivity, 87%;
95% CI, 67%–100%). Specificity was improved for 7/10 raters and
ranged between 65% and 88% (mean specificity, 80%; 95% CI,
65%–88%). During this second reading session with access to

FIG 1. Case 10. The patient presented 2hours after acute onset of right-sided hemiparesis and aphasia
(NIHSS score of 24). Early CE-MRA (A) shows an intraluminal filling defect of the left proximal bulb ICA.
Delayed CE-MRA (B) shows opacification of the left carotid artery up to the terminal ICA. DSA with
selective catheterization of the left ICA confirms distal occlusion of the ICA (C, frontal DSA) with slow
progression of iodine contrast (PO) (D–F, lateral DSA).White arrows indicates the occlusion site.
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Phase 6 Phase 10 

Phase 7 Phase 10 



Occlusion en TANDEM
Impact de la thrombectomie 

Recommandations ESO/ESMINT 2019



Lancet 2016; 387: 1723–31

Bénéfice absolu = 20% 
Traiter 2.6 pts pour en améliorer 1 
Traiter 5.1 pts pour un autonome

26.5% 46.0%

Thrombectomie 

Clinique à 3 mois (score de Rankin) 

Traitement médical  



Thrombectomie mécanique des 
occlusions en tandem

Données des RCT   

Goyal et al. Lancet 2018



Thrombectomie mécanique et 
occlusions en tandem

Données des registres observationnels  

Titan & Stratis. Stroke 2019-21

TITAN STRATIS 

Patients 392 211

Age 63.5 61.8 

Homme 35% 28%

Athérome 78% 63.5%

NIHSS 16 15

ASPECT 8 7



TITAN 392 STRATIS 211

IVT 63% 64%

AG 55% 19% 

ADAPT 12% 62%

Stentriever 86% 11%

Combiné 3% 27%

Titan & Stratis. Stroke 2019-21

Thrombectomie mécanique et 
occlusions en tandem

Données des registres observationnels  



TITAN 392 STRATIS 211

TICI2B-3 77% 74%

TICI2C-3 33% 21%

mRs0-2 53% 52% 

mRs0-1 37% 30%

mRs6 13% 12%

sICH 5% 10%

Titan & Stratis. Stroke 2019-21

Thrombectomie mécanique et 
occlusions en tandem

Données des registres observationnels  



Registre Allemand GSR-ET 

Stroke 2021 

874 pts 
470 CAS - Angioplas7e seule 60
Évolu7on favorable 35 %

Thrombectomie mécanique et 
occlusions en tandem

Données des registres observationnels  



Registre Allemand GSR-ET 

Stroke 2021 

874 pts 
470 CAS - Angioplastie seule 60
Évolution favorable 35 %
70% de traitement de la lésion cervicale 

Thrombectomie mécanique et 
occlusions en tandem

Données des registres observationnels  



Registre Allemand GSR-ET 

Stroke 2021 

874 pts 
470 CAS - Angioplastie seule 60
Évolution favorable 35 %
70% de Traitement de la lésion cervicale
Head or neck first : environ une fois sur deux 

Thrombectomie mécanique et 
occlusions en tandem

Données des registres observationnels  



Zevallos CB, et al. J NeuroIntervent Surg 2020

Quelle stratégie thérapeutique ? 

Thrombolyse ?
Héparine ?
Head or Neck first ? 
Traiter la lésion cervicale ?
AAP ?  



Stroke 2019 Réponses >160  

Quelle stratégie thérapeutique ? 

Distribution of responses to the question: “Do you think there exists equipoise regarding the optimal 
acute management of ICA lesions for patients with tandem occlusion undergoing endovascular
thrombectomy for acute stroke?” 



Franchir la sténose/occlusion au bulbe 

Guide en aval

Montée directe

Recanalisation intracrânienne 

Angioplastie 

Polygone + Stop 

Polygone 0 

ASA

Thrombolyse ? 

StenHng

Héparine ? 

Waiting
test 20’ 

en aspiration 
« the Dotter technique »



Anadani M. et al. Stroke 2019 & JNIS 2021 registre ETIS  

Faut il thrombolyser ces patients ? 

La thrombolyse ne doit pas être remise en cause 
Pas d’augmentation de sICH

« Si pas de thrombolyse, plus de liberté pour l’utilisation d’AAP(s) »



Faut il utiliser de l’héparine? 

Pas d’aumentation du risque
Pas de bénéfice angiographique ou clinique  

F Zhu et al. CVIR 2019, population matchée, Héparine 68/369, stenting et au moins un AAP : 70%    



Aumentation du risque pour HNF seule et HNF + DAT  

Neuberger et al. JNS 2019  

Faut il utiliser de l’héparine? 



Aumentation du risque constaté > 3000 UI  

Da Ros et al. AJNR  2020, population stentée n=95  

Faut il utiliser de l’héparine? 



Franchir la sténose/occlusion au bulbe 

Guide en aval

Montée directe en aspiration 
« the Dotter technique »

RecanalisaHon intracrânienne 

AngioplasHe 

Polygone + Stop 

Polygone 0 

ASA

Thrombolyse ? 

Stenting

Héparine ? 

Wai7ng
test  ? 



Franchissement de la lésion cervicale

Peut être difficile ++++

Echec de TM (63/592) car occlusion 
non atteinte (30%) : 
- tortuosité TSA +++

- tortuosité cervicale +++

- Occlusion cervicale +

AJNR 2018  n=63/592    



Déficit de l'hémicorps gauche, troubles de la conscience, HLH troubles du langages. 
dernière fois vu normal :  23:00.
Score de NHISS initial : 17.
IRM, à 12:47. ASPECT : 6
Heure de départ du site d'origine : 13:25.
Patient arrivé sur site à 14:00.
Score de NHISS à l'arrivée : 17. 
Pas de thrombolyse intraveineuse : Délai



Franchissement de la lésion cervicale

Peut être difficile ++++



AJNR 2020  n=32 100% de franchissement durée de procédure 25’   

Aspira9on con9nue pendant et après retrait du dilatateur ++

Franchissement de la lésion cervicale



AJNR 2020  n=32 100% de franchissement durée de procédure 25’   

Fémoral ou radial 
6F 90 cm introducteur long 088
Guide 0.035 
Retrait du catheter diag Sim ou Ber
Remise en place du dilatateur sur le guide 0.035
Traversée de l’occlusion 
Aspira9on con9nue pendant et après retrait du dilatateur



Franchir la sténose/occlusion au bulbe 

Guide en aval

Montée directe en aspiration 
« the Dotter technique »

RecanalisaHon intracrânienne 

AngioplasHe 

Polygone + Stop 

Polygone 0 

ASA

Thrombolyse ? 

Stenting

Héparine ? 

Wai7ng
test  ? 



Franchissement de la lésion cervicale
Simple aspiration 

Fémoral ou M sup
Passage de l’occlusion successivement par 
KT diagnostic Berenstein ou Simmons Diag 6F  
Puis introducteur long 6F 90 cm 088
En aspiration continue 

JNIS 2016 

6F 0.88’’

KT 6F
Sim-Ber



!"#$%&#%'(%'))'"&*'
Déficit de l'hémicorps droit, survenue à 14:00
Score de NHISS initial : 8.
Patiente arrivée sur site à 16:40. Réalisation d'une IRM à 16:43
Pas de thrombolyse intraveineuse : chirurgie récente (pontage coronarien)-
Entrée en salle à 17:10 (+3H10)
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Déficit de l'hémicorps droit, survenue à 14:00
Score de NHISS iniNal : 8.
PaNente arrivée sur site à 16:40. RéalisaNon d'une IRM à 16:43
Pas de thrombolyse intraveineuse : chirurgie récente (pontage coronarien)-
Entrée en salle à 17:10.  Ponc?on à 17:18.



!"#$%&#%'(%'))'"&*'
Déficit de l'hémicorps droit, survenue à 14:00
Score de NHISS iniNal : 8.
PaNente arrivée sur site à 16:40. RéalisaNon d'une IRM à 16:43
Pas de thrombolyse intraveineuse : chirurgie récente (pontage coronarien)-
Entrée en salle à 17:10.  Ponc?on à 17:18.
Montée en aspira?on 
Technique combinée 
Résultat final TICI2B obtenu à 17:47.
Attente 20’ : lésion cervicale stable 
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6F 0.88’’

KT Aspi
X 68-71
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Franchissement difficile de la lésion 
cervicale par le 088 

Angioplastie 
Patiente de 76 ans 
hémiparésie droite avec troubles phasiques



Franchissement difficile de la lésion 
cervicale par le 088 

Angioplastie 
PaNente de 76 ans 
hémiparésie droite avec troubles phasiques
AngiopasNe (monorail) 
Puis AspiraNon seule 
Puis waiNng test 20min



Initial Angio
Plastie 

Post 
Angio
Plastie 

Stent Thrombe
ctomie  

Post TM Final + 
20min

Stent 
second                  

Aspi e/o 
Angio
plastie 
puis IC   

Angio
plastie 

- IC
- stent

Angio
plas1e 
- stent

- IC

Trois attitudes 



Head first vs. Neck first 

Xiaoli Min et al. Front Neurol 2020 Systematic Review and Meta-Analysis 11 studies accounting 1,517 patients 

Min et al. Approach for Tandem Occlusions in Acute Ischemic Stroke

TABLE 3 | Pooled meta-analysis outcomes of antegrade and retrograde approaches.

Outcomes No. of studies AGA (%) RGA (%) OR (95% CI) I2 (%) P-value

Successful reperfusion (TICI 2b−3) 11 78.0 83.8 0.63 (0.40–0.99) 52 0.040

Favorable outcome (90-day mRS 0–2) 11 40.2 47.3 0.72 (0.58–0.89) 42 0.002

Any procedure related complication 6 17.8 17.0 1.04 (0.74–1.45) 0 0.820

Any ICH 7 24.7 21.9 1.26 (0.90–1.76) 0 0.180

sICH 8 8.6 7.4 1.19 (0.68–2.08) 0 0.540

90-day Mortality 4 16.5 17.0 1.07 (0.54–2.13) 52 0.850

AGA, Antegrade approach; RGA, Retrograde approach; TICI, Thrombolysis in Cerebral Infarction; mRS, modified Rankin Scale; sICH, symptomatic intracranial hemorrhage; ICH,

intracrinial hemorrhage; OR, odds ratio; CI, confidence interval; I2, the variation attributable to heterogeneity.

FIGURE 2 | Forest plot showing the comparison for main outcomes between the antegrade and retrograde groups. (A) successful reperfusion (TICI 2b−3); (B)

favorable outcome (90-day mRS 0–2); (C) any procedural complication; (D) any intracranial hemorrhage; (E) symptomatic intracranial hemorrhage; and (F) 90-day

mortality.

the non-Asian subgroup (p = 0.007, I2 = 64%) still existed
high heterogeneity (Figures 3A,B). Meanwhile, for favorable
outcome, subgroup analysis result of studies published after
2015 (p = 0.04, I2 = 50%) and the results within both the
Asian (p = 0.11, I2 = 55%) and non-Asian subgroups (p =

0.17, I2 = 32%) also showed moderate-to-high heterogeneity
(Figures 3C,D). Subgroup analysis of outcomes with respect to
90-day mortality and hemorrhage or procedural complications
was not performed due to sensitivity analysis negative results or
limited data.

DISCUSSION

This systematic review and meta-analysis compared antegrade
with retrograde approaches in the treatment of AIS due to
tandem lesions accounting for over 1,000 patients. Pooled

results showed that the retrograde approach treating intracranial
occlusion first then extracranial lesion might achieve a higher
successful reperfusion rate and, thus, a better 90-day functional
outcome than antegrade approach (successful reperfusion: 83.8
vs. 78.0%; favorable outcome: 47.3 vs. 40.2%). The incidence
of any ICH and sICH was a statistically non-significant trend
toward numerically lower in retrograde approach than that of
antegrade approach (any ICH: 21.9 vs. 24.7%; sICH: 7.4 vs.
8.6%). Furthermore, there was no statistical difference in either
procedure-related complication rate (17.0 vs. 17.8%) or 90-day
mortality risk (17.0 vs. 16.5%) between the two strategies.

Tandem occlusion, including a proximal extracranial high-
grade stenosis or occlusion in conjunction with a downstream
intracranial occlusion, is not rare for patients with AIS.
Currently, Endovascular Intervention (EVT) has been proved
to be an effective technique for treating tandem occlusion
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Figure 2. Meta- analysis of (A) good functional outcome at 90  days (modified Rankin Scale score of 0– 2), 
(B) good reperfusion status Thrombolysis in Cerebral Infarction grade 2b- 3, (C) symptomatic intracranial 
hemorrhage, and (D) mortality in patients with acute stenting vs balloon angioplasty.
M- H indicates Mantel- Haenszel.
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Simple ou double couche ?
+++ Meilleure couverture de la plaque 
à reduction de sa “fragmentation”
Mais densité métallique supérieure = thrombogénicité

Quel stent ? 

Yilmaz U et al. Stroke 2017  Casper-RX (Microvention) / Wallstent (Boston Scientific), Vivexx (Bard). dual-layer stents have a 
higher risk of acute occlusion compared with single-layer stents 
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Différentes options, différentes stratégies 
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