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CAROTID OCCLUSIONS
• Natural History

• Therapies over Time

• Acute

• Chronic

• Current Recommendations
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NAT’L HISTORY ICA OCCLUSION
• 15-45% pts have complete Circle of Willis

• 40-69% PRESENT W/ SIGNIFICANT DEFICIT

• PTS CAN HAVE DELAYED CVA  AFTER ICA OCCLUSION

• 1044 pts w/ ICA Occlusion→NEURO DEFICTS

• 25% had new stroke over 44 months

• Other studies→new stroke 23%/yr

BAD
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ACUTE CAROTID OCCLUSION—MORTALITY W/ CEA—60’s, 70’s 
& 80’S

• Blaisdell—42% mortality

• Wylie—55%

• Meyer—16-55%
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CHRONIC CAROTID OCCLUSION—80’S

• EC-IC Bypass

• Yasargill—1969

• EC-IC BYPASS STUDY

• Carotid Endarterectomy (std)

• NO BENEFIT

• ECA Endarterectomy

• LIMITED ROLE
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• Symptomatic ICA/MCA disease (stenosis or occlusion)

•  714--best medical care 

•  663—BMC + EC-IC bypass

•  Avg F/U 55.8 months.
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DEFINITIONS

• SYMPTOMATIC DISEASE

• MILD CVA OR TIA w/in 3 months

• ANATOMIC CONSIDERATIONS

• stenosis or occlusion of the trunk or major branches before the bifurcation 
or trifurcation of the MCA

• stenosis of the ICA at or above the C-2 vertebral body

• occlusion of the ICA

• MEDICAL THERAPY

• ASA 325mg QID

• Anti-hypertensives
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• M

ALL STROKES—FATAL AND NON-FATAL

MAJOR STROKE @ 30 D
    SURGERY—4.5%      BMT—1.3%
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ECA ENDARTERECTOMY/BYPASS
    COLLATERAL PATHWAYS

Facial→periorb plexus→ophthalmic

Int Maxillary→Middle Meningeal→

Leptomingeal coll→ACA 

Occipital→persist hypoglossal→PCA

ICA<-->BASILAR

 Persistent Hypoglossal Art

 Persistent Trigeminal Art

Size of Collaterals 0.1-0.3mm
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ECA ENDARTERECTOMY/BYPASS

• Neurologic symptoms in the setting of ICA occlusion

•  EMBOLIC events through the external carotid artery (ECA)

•CAROTID STUMP syndrome

•  HEMODYNAMIC insuff 2° inadeq collaterals

•  Propagation of clot intracranially

• ECA RECONSTRUCTION can ADDRESS

• Emboli

• Hemodynamic insufficiency
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ECA ENDARTERECTOMY/BYPASS

• 218 cases for analysis

• 195 endart

• 23 bypass

• Results

• 83% resolution of sxs

• Add’l 7% w/ marked improvement

• Periop mortality—3%

• Neuro complx—5%
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ECA ENDARTERECTOMY/BYPASS
                 BEST RESULTS

• PERFORMED FOR HEMISPHERIC or RETINAL SXS

• As opposed to non-specific sxs or previous stroke

• NO CONTRALAT CAROTID DZ

• Vertebrobasilar disease has no deleterious effect

• PERFORMED LATER IN THE STUDY
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ECA ENDARTERECTOMY/BYPASS
                 BEST RESULTS

• PERFORMED FOR HEMISPHERIC or RETINAL SXS

• As opposed to non-specific sxs or previous stroke

• NO CONTRALAT CAROTID DZ

• Vertebrobasilar disease has no deleterious effect

• PERFORMED LATER IN THE STUDY

LIMITED ROLE
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ICA OCCLUSION—90’S

• tPA protocols

• CEA still being attempted

• Conflicting reports
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ICA Occlusion—90’s
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Acute Extracranial ICA Occlusion

• 64 patients equally randomized to op vs non-op
• Acute stroke

• Angiographic confirmed ipsilateral occlusion

• Outcomes      NON-OP               OP

• Normal          16%                  16%

• Mild/moderate deficit--       53%  31%

• Severe deficit         28%                  25%

• Mortality           3%  25%

BETTER?
MORTALITY
Blaisdell—42%
Wylie—55%
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ICA Occlusion—90’s

• 4 pts w/ acute occlusion of ICA & severe hemiparesis—w/in 2hrs

• 3 patients were alert

• 1 patient was lethargic at the time of hospital admission  (1990-1999)

• Head CT neg for acute changes

• ICA occlusion confirmed w/cerebral angiograms

•  3 pts→MCA occlusion was noted

• Collateral circulation in all pts.

•  IA  fibrinolysis→Partial recanalization of occl’d ICA in all pts w/in 4 h

• 2 pts with severe residual ICA stenosis→emergency CEA

• 2 pts→ CEA in the subacute or chronic stage

? ROLE FOR CEA IF EARLY TIME COURSE
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ICA OCCLUSION—2000-PRESENT
• EC-IC BYPASS REVISITED----COSS TRIAL

• GUIDELINES

• SVS (2021)

• ESVS (2023)

• RANDOMIZED TRIALS→LARGE ISCHEMIC STROKE

• Japan→Rescue-Japan-Limit

• US, Canada, EU, Aus, NZ→Select 2

• China→Angel-Aspect
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MODIFIED RANKIN SCALE--mRS
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• 1° Endpt – published 2011 
• SURGICAL ARM

• 30d STROKE & DEATH

• IPSI ISCHEMIC STROKE w/in 2 yrs

• MEDICAL ARM

•  30d STROKE & DEATH POST RANDOMIZATION

•  IPSI ISCHEMIC STROKE w/in 2 yrs
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CAROTID OCCLUSION SURGERY STUDY (COSS)

• Arteriographically-confirmed atherosclerotic ICA occlusion causing hemispheric 
symptoms within 120 days and hemodynamic cerebral ischemia identified by ipsilat 
increased oxygen extraction fraction measured by PET

• 195 were randomized

• 97 to surgery

• 98 to no surgery. 

• Follow-up for the primary endpoint 

• until occurrence

• 2 years

• end of trial was 99% complete

The trial was terminated early for futility. Two-year rates 
for the primary end point were 21.0% (95% CI, 12.8% to 
29.2%; 20 events) for the surgical group and 22.7% (95% 
CI, 13.9% to 31.6%; 20 events) for the nonsurgical group 
(P=.78, Z test), a difference of 1.7% (95% CI, −10.4% to 
13.8%). Thirty-day rates for ipsilateral ischemic stroke 
were 14.4% (14/97) in the surgical group and 2.0% (2/98) 
in the nonsurgical group, a difference of 12.4% (95% CI, 
4.9% to 19.9%)
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ESVS GUIDELINES—CNO W/ SXS

• Sx CAROTID NEAR OCCLUSION (CNO)

• 262 ECST AND NASCET pts

• 16 total collapse distal ICA

• 246 partial collapse distal ICA

• No decreased stroke--CEA vs BMT

• Meta-analysis

• Carotid Endart Trial Collaborists

• @ 5 & 8 yrs

CNO=NO INTERVENTION
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ESVS GUIDELINES—FREE FLOATING THROMBUS

• FREE FLOATING THROMBUS (FFT)

• POOR QUALITY DATA

• ↑’d stroke w/ thrombolysis

• DECISION  MAKING BASED UPON
• probable etiology (e.g., thrombophilia requiring AC)

•  whether patients had recurrent events on APRx or AC

• interval since TIA/stroke onset

• size of infarct

• whether FFT is located at the carotid bifurcation (accessible)

     or extends towards the skull base (less accessible).

• Serial DUS/CTA/MRA  to assess resolution/progression

FFT=AC +/- CEA/CAS
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SVS Recommendations--2021
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ESVS GUIDELINES—NEUROLOGICALLY UNSTABLE

• DEFINITION

• mRS ≥ 3

• > 1/3 MCA territory involved

• ↓‘d LOC

• Large infarct→HIGHER RISKS of

• ICH

• Hemorrhagic transformation

• Hyperperfusion

NO RECOMMENDATION
 FOR CAROTID OCCLUSION
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RESCUE-JAPAN-LIMIT
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SELECT-2



Presenter name

Title

Date

ANGEL-ASPECT
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ALL THREE LARGE INFARCT RANDOMIZED TRIALS

• IMPROVED NEUROLOGIC STATUS @ 90D

• IN EXCHANGE FOR 

• INCREASED ICH

• INCREASED VASCULAR COMPLICATIONS

EXTRACRANIAL/INTRANCRANIAL INTERVENTION  AFTER LARGE STROKE
? BENEFIT
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ESVS GUIDELINES—CEA/CAS after THROMBOLYSIS

• 10-20% of Thombolysis pts have

 underlying ICA stenosis of 50-99%

• Intervention too soon after TT

 may lead to ICH or neck hematoma
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ESVS GUIDELINES—Timing of CEA/CAS after 
THROMBOLYSIS
• ½ life of rtPA—5 min and tenectaplase—24 min

• Fibrinogen and plasminogen levels only revert back to ≥ 80% 
baseline @ ≥ 24h 

• rtPA increases circulating fibrin degration products to > 200ng/dl 
which increases BBB permeability leading to increased risk of ICH

• Thus Heparin & antiplt should be held x 24h after TT

• Restarted only after f/u CT shows no hemorrhagic transformation
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ESVS GUIDELINES—CEA/CAS after THROMBOLYSIS

• Early CEA

• rapid neurological recovery (mRS 0-2)

• infarction area less than one third the MCA territory

• recanalization of a previously occluded MCA mainstem on 

repeat CTA

• ipsilateral 50-99% stenosis

• no evidence of parenchymal haemorrhage or significant 
brain edema
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ESVS GUIDELINES—CEA/CAS after THROMBOLYSIS

• Contraindications for CEA

• severe persistent neurological deficit (mRS 3)

• anticipated high surgical risk

• parenchymal hemorrhage on CT

• previous radical neck dissection or radiotherapy
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ESVS GUIDELINES—Timing of CEA/CAS after 
THROMBOLYSIS
• A US National Inpatient Sample

• ↑‘d post-op CVA and ICH if  performed early

• ↓’d to levels in non-TT grp by 7 d

• UK National Vascular Registry reported 

• No assoc b/t CEA timing after TT and procedural risks.

• 136 Meta-regression analyses of published data

• Inverse relationship b/t the time interval between TT and CEA and 

the risk of peri-operative stroke/death→performing CEA early after 

TT was associated with higher risks of peri-procedural stroke/ 

death.
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ESVS GUIDELINES—TIMING OF CEA/CAS after TT
• Meta-regression analysis (Figure 7), peri-operative 

stroke/death was 13% when CEA was performed 

three days after TT completion and 10.6% after four 

days. The risk was predicted to reduce to within the 

currently accepted 6% threshold after six days had 

elapsed, suggesting that CEA should probably be 

deferred until six days after TT. 

In a Finnish study (n=128), the risk of recurrent stroke 

between TT and under going CEA was 5.5% when 

performed a median of four days after TT (range 0 -8)

This is lower than the predicted 10.6% risk associated 

with performing CEA four days after TT in the 

meta-regression analysis.
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ESVS GUIDELINES—TIMING OF CEA/CAS after TT



Presenter name

Title

Date

ESVS GUIDELINES—TIMING OF CEA/CAS after MT
• Meta-analysis of 5 RCT’s→ 2 fold improvement in functional outcome

• 10-20% of MT pts

• Embolic MCA

• Tandem ICA stenosis or occlusion 

• Rx options

• Synchronous MT + CAS + AP rx

• Synchronous MT + CAS w/o AP rx

• Synchronous MT + PTA w/o stent or AP rx

• Synchronous MT +/- deferred CEA/CAS
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• THROMBECTOMY in TANDEM OCCLUSIONS (TITAN)

• TANDEM LESIONS have previously been excluded from thrombectomy 
trials

• MR CLEAN, ESCAPE, REVASCAT, SWIFT PRIME, and EXTEND IA

• aka HERMES Collaboration
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HERMES REGISTRY

• 1287 patients 634 assigned to endovascular thrombectomy, 

653 assigned to control

• Endovascular thrombectomy led to significantly reduced 

disability at 90 days compared with control 

• NNT w/ MT to reduce disability by one level on mRS was 2.6

• Treatment effect of mechanical thrombectomy (MT) in 

patients with TANDEM OCCLUSIONS was comparable to 

Isolated intracranial occlusion 

• HOWEVER, MR CLEAN tandom lesions 70-80%
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HERMES REGISTRY
• Effect sizes favouring endovascular thrombectomy over 

control were present in several strata of special interest

• ≥80 yrs

• >300 min after symptom onset 

• those not eligible for intravenous alteplase

• NO DIFFERENCE

• Mortality at 90 days 

• Risk of parenchymal hematoma

• Symptomatic intracranial hemorrhage (sICH)

REDUCED DISABILITY @ 90d w/
ENDOVASCULAR THROMBECTOMY



Presenter name

Title

Date

TITAN REGISTRY

• Pooled NON-randomized MT databases from 18 stroke ctrs

• Jan 2012-Sept 2016

• Tandem lesion

• Proximal intracranial 

• intracranial ICA 

• proximal M1 or M2

• Extracranial

• Cervical ICA Occlusion or ≥ 90% stenosis
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TITAN REGISTRY ENDPOINTS

• 1° Outcome →90 day modified Rankin Scale (mRS) 0–2. 

• 2° Outcomes 

• Successful reperfusion--modified Thrombolysis In Cerebral Infarction 
(mTICI) score 2b-3

• All-cause mortality at 90 d

• Any procedural related complications

• Any intracranial hemorrhage (ICH) and symptomatic ICH.

• Symptomatic ICH (sICH) was defined as any PH, SAH, or IVH assoc’d 
w/ worsening NIHSS score by 4 points or more
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TITAN REGISTRY—OUTCOMES
• 295 PTS—MT/CAS/AP vs MT

• CERVICAL LESION TYPE→NO

DIFFERENCE IN OUTCOME →

• 230—ATHEROSCLEROTIC

• 65--DISSECTION

• BETTER mTICI w/ statistical signif

• HOWEVER, once confounders

accounted for, statistical signif of 

90 d improved mRS 

NO LONGER  SIGNIFICANT
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TITAN REGISTRY—OUTCOMES

• 295 PTS—MT/CAS/AP vs MT

• SIGNIFICANT SURVIVAL BENEFIT

• PREDICTORS OF MORTALITY

• AGE

• CURRENT SMOKER

• NIHSS score

• ASPECTS score

• PRIOR THROMBOLYSIS
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TITAN REGISTRY—OUTCOMES--HEMORRHAGE

OF NOTE
HEPARIN, TT 
& AP rx NOT
PREDICTORS
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TITAN REGISTRY—OUTCOMES—IV THOMBOLYSIS

• IMPROVED REPERFUSION w/ IV THROMBOLYSIS FOR 
ALL APPROACHES

• ONLY WHEN EXTRACRANIAL ICA STENTING 
PERFORMED WAS SAFETY PROFILE NOT ADVERSELY 
AFFECTED

TITAN→SURVIVAL BENEFIT w/ 
COMBINED INTRA AND 
EXTRACRANIAL THERAPY
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• CAS and DAPT assoc’d w/ ↑’d intraparenchymal hemorrhage

• Simultaneous MT and CEA or CAS

• 1° outcome→PH

• Prospectively maintained stroke registry
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• Our rationale is to avoid acute treatment of ICA stenosis altogether whenever 

possible

• Perform CEA before or after thrombectomy whenever necessary (SAME SETTING)

• Notify our vascular surgery team if

• Surgical access to the occlusion site is needed because access to the occlusion 

site via femoral or radial/brachial access is expected to be difficult and to take 

longer than 45 min

• CAS and DAPT after the procedure are to be avoided (↑’d hemorrhagic risk)

• Already on AC

• Large volume infarct
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• CONTINUE thrombolysis during surgery

• GpIIb/IIIa for CAS and DAPT afterwards

• June 2013-Sept 2018

• 114 pts (21 excluded for dissection)

• 27 CEA—62 CAS
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• RESULTS

• No difference in mRS @ 90d  

•39% in CEA/51% in CAS

• PH2

•2 in CEA/10 in CAS

More 
delayed PH 
>30% space 
occupying 
the infarct
in CAS, 
p=.033
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OUTCOMES
           CAROTID OCCLUSION   ≥80%

MORTALITY        2.8%                                     0.9%

NEURO EVENTS        4.9%      3.3%

MI          1.0%      1.2%

COMPOSITE        8.7%      5.4%

1991—25%→2020—2.8%
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SUMMARY—WHAT DO WE DO FOR CAROTID 
OCCLUSION

• It all depends 

• Acute and Symptomatic

•tPA +/- EC +/- IC intervention +/- AP Rx

•Timing for EC intervention

• Chronic and Symptomatic→Ext Carotid Endart

• Asymptomatic→Nothing
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COMMON CAROTID OCCLUSIONS

• Stenosis/occlusion at the

  aortic arch branch vessel 

  origins is 0.5-6.4%

• Higher frequency in the IA &

  LSA vs L CCA
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COMMON CAROTID OCCLUSIONS

• 1969 pts

• 3 different approaches

• Hybrid (CEA w/ retrograde IA or CCA stenting)—700 pts

• Isolated Open to prox IA or CCA—686 pts

• Isolated Endovascular to prox IA or CCA—583 pts
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COMMON CAROTID OCCLUSIONS
                     OUTCOMES

       30d S/D     Restenosis     Late ipsi stroke

Hybrid  3.3%       10.5%-p/4.1%-d        3.3% @ 6y

Open  7%    2.6%  1% @12y

Endo  1.5%    9%    1% @ 4y
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COMMON CAROTID STENOSIS/OCCLUSION
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ESVS Guidelines
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• SVS VQI  2003-2020

• 390 symptomatic patients with CAROTID OCCLUSION

• 60% male

• Mean age 67

• CEA w/in 24 hrs of presentation

• Control group—urgent CEA for ≥80% stenosis 
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TITAN REGISTRY—OUTCOMES—HEAD vs NECK

• HEAD 1st

• Earlier reperfusion

• Increased risk of distal emboli

• NECK 1st

• Provides accessibility to distal lesion

• NO BENEFIT TO EITHER APPROACH 

• BENEFIT TO HEAD 1st
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EC-IC Bypass
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ICA OCCLUSION and THROMBOLYSIS—80’s

• First reported animal model in rabbits

• Streptokinase had caused significant ICH and 
NINDS investigators began protocols w/ tPA
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ESVS GUIDELINES—Timing of CEA/CAS after 
THROMBOLYSIS
• Meta-regression analysis (Figure 7), peri-operative 

stroke/death was 13% when CEA was performed 

three days after TT completion and 10.6% after four 

days. The risk was predicted to reduce to within the 

currently accepted 6% threshold after six days had 

elapsed, suggesting that CEA should probably be 

deferred until six days after TT. 
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• Tenectaplase

•Greater fibrin specificity

• Longer half life

• Can be given as bolus as opposed to infusion
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• Randomized ICA, Basilar, MCA occl in 

     pts w/ ischemic stroke

• TNK vs Alteplase

• Excluded mRS 3-6

• 1° endpt

• 50% reperfusion of ischemic area

• Absence of thrombus at angio

• 2° endpt—mRS @ 90 d

• Safety endpt

• ICH

• Death

Mostly MCA
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NON-INFERIORITY
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THROMBECTOMY W/ or W/O THROMBOLYSIS
• THROMBOLYTICS

•  may increase early reperfusion of the ischemic area and dissolve 
residual distal thrombi after endovascular thrombectomy.7-10

• For large, proximally located thrombi, however, the lytic effect of 
intravenous alteplase is limited, and partial lysis could fragment 
the target thrombus or cause it to migrate distally, potentially 
complicating endovascular thrombectomy.11,12

• Intravenous alteplase may also increase the risk of cerebral 

hemorrhage.13

https://www.nejm.org/doi/full/10.1056/NEJMoa2001123#core-r7
https://www.nejm.org/doi/full/10.1056/NEJMoa2001123#core-r11
https://www.nejm.org/doi/full/10.1056/NEJMoa2001123#core-r13
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THROMBECTOMY vs THROMBECTOMY/THOMBOLYSIS
DIRECT MT(2020)

• Chinese study w/ 656 pts

• Thrombectomy

• Thrombectomy + Thrombolysis

• 1° Endpts

• mRS @ 90 d

• Reperfusion

• Safety

• ICH

• Death
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THROMBECTOMY vs THROMBECTOMY/THOMBOLYSIS
MR CLEAN—NO IV (2021)

• European study w/ 539 pts

• Thrombectomy

• Thrombectomy + Thrombolysis

• 1° Endpt—mRS @ 90 d

• Safety

• ICH

• Death
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ENDOVASCULAR THROMBECTOMY vs MEDICAL THERAPY
RESCUE-JAPAN LIMIT TRIAL--2022

• THERAPY w/in 24 hrs onset (27% rec’d thrombolytics)

• Thrombectomy

• Med mgmt

•BP, Critical care, In-hospital and Outpt Rehab

• Large volume—ASPECTS value 3-5 
• NCCT

• DW MRI
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ENDOVASCULAR THROMBECTOMY vs MEDICAL THERAPY
SELECT 2—(2023)

• THERAPY w/in 24 hrs onset (20% rec’d thrombolytics)

• Thrombectomy

• Med mgmt.

•BP, Critical care, In-hospital and Outpt Rehab

• Large volume

• ASPECTS 3-5

• CORE INFARCT VOLUME—50ML
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ENDOVASCULAR THROMBECTOMY vs MEDICAL THERAPY
ANGEL-ASPECT (2023)

• THERAPY w/in 24 hrs onset (28% rec’d thrombolytics)

• Thrombectomy

• Med mgmt.

•BP, Critical care, In-hospital and Outpt Rehab

• Large volume

• ASPECTS 3-5 

• CORE INFARCT—70-100ML
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