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Large vessel occlusion stroke due to underlying intracranial atherosclerotic disease (ICAD-LVO) 

is prevalent in 10 to 30% of LVOs depending on patient factors such as vascular risk factors, 

race/ethnicity and age. Patients with ICAD-LVO derive similar functional outcome benefit from 

endovascular thrombectomy as other mechanisms of LVO, but up to half of ICAD-LVO patients 

re-occlude after revascularization. Therefore, early identification and treatment planning for 

ICAD-LVO is important given the unique considerations before, during, and after endovascular 

thrombectomy. In this review of ICAD-LVO, we propose a multistep approach of ICAD-

LVO identification, pretreatment and endovascular thrombectomy considerations, adjunctive 

medications, and medical management. There have been no large-scale randomized controlled 

trials dedicated to studying ICAD-LVO, therefore this review focuses on observational studies.

Graphical Abstract

Introduction

Stroke is a leading cause of death worldwide and approximately half of those who survive a 

stroke are chronically disabled, resulting in a public health burden.1 Large vessel occlusion 

(LVO) occurs in approximately 15% to 30% of ischemic stroke and results in higher 

morbidity and mortality than other ischemic stroke subtypes.2,3 Intracranial atherosclerotic 

disease (ICAD) is the underlying cause of ischemic stroke in approximately 40% of Asian, 

30% of Black, and 10% of White patients.4-6 Accordingly, LVO due to underlying ICAD 

(ICAD-LVO) has an estimated prevalence between 10% to 48% of LVO, differing by race/

ethnicity and site of arterial occlusion.7,8 Because advanced age and smoking are the main 

risk factors for atherosclerosis, the rate of ICAD-LVO also differs based on the presence of 

these vascular risk factors.6,9

Herein, we review literature focusing on identification, pre-procedural management, 

thrombectomy technique, rescue therapy, and sub-acute management for ICAD-LVO 

patients.8 There have been no randomized trials dedicated to ICAD-LVO; therefore, the 

majority of this review focuses on retrospective studies or subgroup analyses. With the 

proliferation of research in the LVO field, we anticipate that dedicated, rigorous ICAD-LVO 

studies will be forthcoming.
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Definition and Identification of ICAD-LVO

The identification of ICAD-LVO relies on neuroimaging. The time windows for diagnosis 

of ICAD-LVO can be divided into pre-procedural, intra-procedural, and subacute phases. 

Characteristic imaging of an ICAD-LVO patient is seen in Figure 1.

Pre-Procedural Identification of ICAD-LVO

Pre-procedural imaging can inform the underlying cause of LVO. On computed tomography 

(CT) or magnetic resonance imaging (MRI), the presence of calcification of the intracranial 

arteries can be suggestive of ICAD.10 Assessment of collaterals on pre-procedural CT or 

MR angiography can aid diagnosis. Baek et al. investigated the utility of pre-procedural 

leptomeningeal collateral status in predicting ICAD-LVO.11 In their study of 40 patients 

with ICAD-LVO and 186 with cardioembolic LVO, excellent collaterals were found in 

52.5% of ICAD-LVO versus 20.4% of non-ICAD patients.11 Furthermore, evaluating core 

infarct volume at presentation on CT/MRI or perfusion imaging may help. Suh et al. found 

smaller core infarct volume at presentation among patients with ICAD-LVO compared to 

cardioembolic LVO (14 mL vs 54 mL, respectively, p<0.001), which is thought to be related 

to better collateral status in ICAD patients from chronic remodelling.12 Presence of ICAD in 

other vascular territories may also raise suspicion of ICAD-LVO.

Prior neurovascular imaging, if available, can inform the presence of pre-existing 

intracranial stenosis (or lack thereof) to support or refute ICAD-LVO. A patient with patent 

intracranial vasculature within 6 months of LVO presentation would not be expected to 

have ICAD-LVO, whereas a patient with known severe intracranial stenosis and acute LVO 

would be highly suspected of having ICAD-LVO. Patients who present with fluctuating 

symptoms may also raise suspicion for ICAD-LVO as well as those with subacute or chronic 

borderzone territory infarction on parenchymal imaging.8 In clinical practice, it is difficult to 

be certain of the presence of ICAD-LVO prior to thrombectomy, particularly in patients who 

do not present with the above features.

Intra-Procedural Identification of ICAD-LVO

Intra-procedurally, the diagnosis of ICAD-LVO can be made on the first angiographic run or 

following initial reperfusion. The presence of tapered narrowing proximal to the occlusion 

is more likely to be found with ICAD-LVO (Figures 1/2).13 In addition, a truncal type 

occlusion, versus a branching-site occlusion typical of cardioembolic LVO, can be predictive 

of ICAD because cardioemboli are more likely to cause an occlusion at a bifurcation 

compared to a plaque which tends to originate from the middle of an arterial segment 

(Figure 2).

Following reperfusion, the presence of any of the following criteria has been proposed as 

an acceptable definition of ICAD-LVO: a) residual fixed stenosis that measures > 50% 

(Figure 2D), b) evidence of distal hypoperfusion or watershed infarctions, or c) stenosis 

with re-occlusion on follow up angiography (Figure 1C).14,15 Re-occlusion is less common 

in cardioembolic LVO compared to ICAD-LVO (<5% vs. 30-50%, respectively).16-18 

Differences between cardioembolic and ICAD-LVO are illustrated in Figure 3. In 2022, the 
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European Stroke Organization defined ICAD-LVO incorporating these concepts, including: 

1) absence of atrial fibrillation, 2) absence of CT hyperdense or MRI susceptibility sign, 3) 

watershed infarction, 4) truncal-type occlusion, 5) residual stenosis when the stent is open or 

after three passes or 6) early re-occlusion.19

Recent studies explored sonographic imaging modalities such as intravascular ultrasound 

(IVUS) in ICAD-LVO.20 IVUS can identify intraplaque hemorrhage or ulceration, aid 

in better understanding ICAD-LVO and potentially stratify high risk patients for rescue 

angioplasty/stenting.21 Optical Coherence Tomography (OCT), which uses near infrared 

light, can provide information regarding plaque calcification, lipid content, and cap 

thickness.21,22

The differential diagnosis for ICAD-LVO includes vasospasm, dissection, and residual 

embolus.8,23,24 Vasospasm is characterized by a transient focal narrowing in the 

arterial lumen which may improve with intraarterial vasodilators such as verapamil or 

nicardipine.25,26 Intracranial dissection, which can be iatrogenic, traumatic, or spontaneous, 

is recognized when a dissection flap is visualized.27,28 A recalcitrant embolus is suspected 

when an abrupt cut-off in the vessel is visualized without change following EVT attempts. A 

change in the angiographic appearance following EVT attempts and the absence of a tapered 

stenosis are the hallmarks of a sub-occlusive residual embolus.28,29

Subacute Identification of ICAD-LVO

In ICAD-LVO patients who are not treated with EVT or fail recanalization, it may be 

impossible to identify underlying ICAD. For those who are recanalized, in the absence 

of diffuse atherosclerotic disease and/or atherosclerotic risk factors, isolated focal stenosis 

may represent a spontaneous dissection or unilateral idiopathic occlusive disease rather 

than an atherosclerotic plaque. Nonetheless, isolated focal stenosis may manifest as nascent 

ICAD and in population-based studies over 1/3 of individuals with ICAD had only one 

stenotic intracranial artery.30 Other arteriopathies that may cause luminal narrowing, such as 

reversible vasoconstriction syndrome or inflammatory etiologies such as primary angiitis of 

the CNS are unlikely to cause LVO as these tend to affect the small- or medium-size rather 

than large intracranial vessels.

There is emerging data on the use of high-resolution vessel wall MRI (vwMRI) for the 

characterization of atherosclerotic plaque, dissection, and moyamoya syndrome or disease.31 

In moyamoya, the arterial vessel wall is generally not thickened. The outer and inner arterial 

diameters are concentrically reduced.32,33 In ICAD, there is often eccentric intramural 

thickening, with a heterogenous, eccentric T1 post-contrast enhancement that relates to the 

histopathology of the atherosclerotic process. In addition, there can be remodeling whereby 

the luminal diameter is preserved despite the presence of a large plaque.32 One caveat 

regarding the use of vwMRI is the association of vessel wall enhancement with EVT, 

particularly after stentriever use.34 In dissection, a double lumen or intimal flap may be 

found in up to 75% of patients, as well as an intramural hematoma (bright on T1-weighted 

sequences) in a similar proportion.35
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Additional Approaches to Identifying ICAD-LVO

There are predictive models based on demographics and comorbidities for identifying 

ICAD-LVO. Zha et al. developed the ISAT (in situ atherosclerotic thrombosis) score for 

predicting atherosclerosis in acute vertebrobasilar occlusion patients.36 The score assigns 

1 point each for: history of hypertension, atrial fibrillation and baseline glucose level ≥ 

7.55 mmol/l. The area under the curve (AUC) values for the model were 0.85 and 0.80 in 

the derivation and validation cohorts, respectively. Liao et al. developed the ABC2D score 

which assigned 1 point each for: atrial fibrillation, hypertension, neurological deficit, CT 

hyperdense sign, and diabetes.37 The AUC for ICAD-LVO prediction was 0.88 in both the 

derivation and validation cohorts. Both studies were limited to Asian populations and neither 

have been validated prospectively.

Studies evaluating the histological findings of clots retrieved during EVT have reported 

conflicting results regarding the relationship between clot composition and underlying 

stroke etiology. While some studies report that atherosclerosis-related clots have a higher 

percentage of fibrin compared to cardioembolic clots, other studies found a lower percentage 

of fibrin in atherosclerosis-related clots or no difference at all.38-40 These conflicting results 

are likely secondary to heterogeneity in clot composition or the lack of unified radiographic 

criteria for ICAD-LVO diagnosis.

Endovascular Treatment Considerations

Similar to patients with cardioembolic LVO, those with ICAD-LVO can derive benefit from 

EVT and should receive this treatment based on conventional criteria.41 EVT pre-treatment 

is a consideration because up to half of ICAD-LVO patients experience re-occlusion.42 

Much of the evidence is from non-LVO ICAD trials. In randomized trials of intracranial 

stenting for symptomatic non-LVO ICAD (SAMMPRIS, VISSIT, and CASSISS), patients 

were pretreated with dual antiplatelet therapy (DAPT).43-45 In the context of EVT and 

high suspicion for underlying ICAD-LVO, it may be reasonable to load with DAPT (e.g. 

aspirin 325 mg and clopidogrel 300 mg) in individuals who are not eligible for or do 

not receive intravenous thrombolysis (IVT).46 If patients were administered IVT, additional 

pre-treatment is currently not indicated.41

There are different endovascular approaches to treating ICAD-LVO. The central question 

is whether to start with a) contact aspiration (CA), b) stentriever (SR), or c) combined 

approach. In trials of EVT for LVO, no single approach has been shown to be superior, 

but these studies mostly enrolled cardioembolic LVOs.47,48 In a retrospective study of 

individuals with ICAD-LVO, 62 had CA and 49 had SR as their first-line EVT approach.25 

SR-first achieved a higher rate of successful reperfusion (77.6%) versus CA-first (43.5%) 

(p=0.001). In the same study, switching to other approaches was more frequent in the 

CA-first (59.7%) versus SR-first approach (12.2%) (p<0.001).

The potential advantages of SR-first in ICAD-LVO are that SRs may conform their shape 

to the plaque, helping to establish the ICAD-LVO diagnosis. SRs also have radial force that 

can create a reperfusion channel, facilitating rescue therapy. With CA, the catheter tip is 

placed proximal to the occlusion and hence may not be in direct contact with the ICAD-LVO 
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thrombus due to its contact with the plaque. Hence CA first-line for ICAD-LVO may be 

less effective than strategies that cover the length of the clot, such as SR.8 Furthermore, in 

patients with ST-segment elevation myocardial infarction, a cardiac analogue of ICAD-LVO, 

a meta-analysis of 3 RCTs showed that CA thrombectomy did not improve outcomes.49

When TICI 2b or better reperfusion has been achieved and maintained by EVT, 

most interventionalists will not pursue further treatment. However, a survey of 136 

neurointerventionalists in North America revealed that 20% favored angioplasty and/or 

stenting over medical therapy in the treatment of ICAD-LVO.50 Nonetheless, most 

interventionalists pursue medical management alone after EVT for ICAD-LVO and 

randomized trial data of angioplasty and/or stenting for symptomatic ICAD without LVO 

shows a high rate of peri-procedural complications.43,44 However, there is a rationale for 

empiric angioplasty and/or stenting after successful TICI ≥ 2b reperfusion,51 based on 

the high probability of re-occlusion and the association of re-occlusion with unfavorable 

outcome.52,53

Ultimately, the data supporting the practice of angioplasty and/or stenting following 

successful thrombectomy is limited.19 Randomized clinical trial data would be needed to 

change the current practice of conservative management after a successful thrombectomy in 

ICAD-LVO. The European Stroke Organization guidelines propose that angioplasty and/or 

stenting could be used as rescue therapy in ICAD-LVO. While rescue therapy also lacks a 

trial evidence base, it is appealing because the LVO has already demonstrated that it will 

remain occluded. An international survey found that in the setting of ICAD with persistent 

basilar artery occlusion, many neurointerventionalists would consider rescue stenting or 

angioplasty, and would do so after 1, 2, or 3 passes without successful reperfusion (14.7%, 

25.1%, and 48.2%, respectively).46

Several studies and meta-analyses have examined rescue therapy in ICAD-LVO. A meta-

analysis compared outcomes among ICAD-LVO patients without revascularization treated 

conservatively versus those treated with rescue therapy and reported worse outcomes and 

higher mortality rates among ICAD-LVO patients managed conservatively.54 A propensity 

score matched analysis in a multicenter Asian cohort demonstrated higher rates of 

good outcome in patients with ICAD-LVO and refractory occlusion undergoing rescue 

angioplasty and/or stenting.55 A multicenter study in a Western population with ICAD-LVO 

reported good outcomes with rescue stenting.56 Another multicenter propensity matched 

analysis of patients with failed reperfusion after EVT indicated that patients who underwent 

rescue intracranial stenting had more favorable outcomes compared to those who failed 

reperfusion (acOR 2.31 [95%CI, 1.61-3.32]; p<0.001).57

A number of approaches to rescue therapy can be utilized: balloon angioplasty alone, stent 

alone (self-expanding or balloon-mounted), or stent with either pre- or post-stent balloon 

angioplasty.58 Due to its higher radial force, balloon-mounted stenting may be favored 

over a self-expanding stent for ICAD-LVO based on observational data in symptomatic 

ICAD patients.59 However, delivery of a BMS is more challenging than a SES due to 

the stiffness of the balloon on the delivery wire. There is no comparative data available 

on the different endovascular approaches. Atherosclerotic lesion length and geometry may 
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influence the success of interventions.60 In a SAMMPRIS post hoc analysis, lesion length 

was the most important predictor of 30-day stroke or mortality in patients undergoing 

angioplasty and stenting.61 While lesion characteristics cannot be determined pre-EVT in 

ICAD-LVO, this classification may be possible during EVT based on the balloon response, 

stentriever expansion (Figure 2B), or post-EVT luminal angiographic appearance (Figure 

2C).

In a meta-analysis, the re-occlusion rate following EVT in ICAD-LVO was 37% versus 

2.7% without ICAD, with an OR of 23.7 for ICAD-LVO (95% CI, 6.96-80.7).42 No data 

exists regarding the mean time to re-occlusion following recanalization of ICAD-LVO. 

Generally, one can wait 10 to 20 minutes following EVT recanalization before assessing 

for re-occlusion. A proceduralist may look for filling defects suggestive of thrombus. If 

re-occlusion is observed, additional reperfusion and/or rescue angioplasty/stenting can be 

considered. Additionally, a flat-panel CT may rule out intracranial hemorrhage. Factors 

favoring rescue stenting include poor collaterals, large perfusion defects, and smaller size 

infarctions, while factors precluding stenting include intracranial hemorrhage, large core 

infarct, or extensive parenchymal contrast staining.

The peri-procedural stroke or death rates in the stenting of symptomatic severe ICAD 

in the Wingspan Stent System Post Market Surveillance (WEAVE) study were 2.6% in 

experienced operators using a protocolized approach to treatment.62 More data is needed to 

understand this element because interventional treatment of ICAD-LVO might be performed 

at any site capable of EVT, which spans a wide range of interventionalist expertise. An 

ongoing prospective registry of ICAD-LVO (RESCUE-ICAS) will shed light on some of the 

questions regarding the imaging characteristics and outcomes among patients managed with 

medical therapy compared to rescue angioplasty/stenting.63

Acute Phase Antithrombotic Therapy

Antiplatelet management of ICAD-LVO can be challenging. Because ICAD-LVO re-

occlusion is usually caused by residual plaque and platelet activation leading to 

thrombosis,16,17 antiplatelet medications are often administered before, during, or after EVT. 

The 2019 AHA/ASA guidelines state that for patients treated with IVT, antithrombotic 

therapy should be delayed for 24 hours. However, initiating antithrombotic therapy within 

24 hours after thrombolytic can be considered with conditions for which the benefit of early 

initiation is judged to outweigh the risk (Class of Recommendation IIb; Level of Evidence 

B-NR), which pertains to ICAD-LVO.41

Tirofiban is a selective GP IIb/IIIa inhibitor. Retrospective studies reported that LVO patients 

treated with parenteral tirofiban had a higher recanalization rate, better outcome, lower 

mortality, and less re-occlusion with residual stenosis, and a lower early re-occlusion rate 

after emergent angioplasty with or without stenting.64,65 In the RESCUE BT randomized 

trial (Endovascular Treatment With vs Without Tirofiban for Patients with Large Vessel 

Occlusion Stroke) trial, IV tirofiban (bolus dose before EVT, followed by 24-hour infusion) 

did not improve functional outcome compared to placebo. In a subgroup analysis of 

435 patients with ICAD-LVO, tirofiban was associated with a favorable mRS shift [aOR 
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1.40 (95% CI 1.00-1.97); p=0.049] without increasing sICH [7.1% vs. 7.2%; aOR 1.05 

(0.49-2.22)].66

Eptifibatide is another intravenous GP IIb/IIIa inhibitor. In a matched study of 81 patients 

treated with EVT plus pre-EVT eptifibatide vs. EVT alone, eptifibatide was associated with 

higher rates of successful recanalization (91.3% versus 81.5%; P=0.043) and 3-month mRS 

0-2 (53.1% versus 33.3%; P=0.016) without increasing sICH. However, in another study of 

50 patients with ICAD-LVO, the recanalization rate was similar between the eptifibatide and 

non-eptifibatide groups.67 Abciximab is another GP IIb/IIIa inhibitor; however as it is not 

reversible it is less appealing in an acute stroke context.68 The 2019 AHA/ASA guidelines 

state that the safety and efficacy of IV GP IIb/IIIa inhibitors during EVT is uncertain (Class 

of Recommendation IIb; Level of Evidence C-LD).41

Regarding other parenteral antiplatelet agents, there is no published data on IV aspirin in 

ICAD-LVO. For patients treated with IV alteplase, the ARTIS (Antiplatelet Therapy in 

Combination with rt-PA Thrombolysis in Ischemic Stroke) trial showed that IV aspirin 

increased the risk of sICH without benefit on functional outcome.69 Cangrelor is a parenteral 

platelet P2Y12 receptor antagonist. In a systematic review involving 171 patients with 

acute LVO, not limited to ICAD-LVO, who received EVT and parenteral cangrelor, the 

recanalization rate post-EVT day 1 was 89.7% (95% CI, 81.4%–94.6%) and 47.6% (95% 

CI, 27.4-68.7%) achieved mRS 0-2. The sICH rate was 8.6% (95% CI, 5.0%–14.3%), 

and the 90-day mortality rate was 22.6% (95% CI, 13.6%–35.2%).70 However, without a 

comparator group, these results are difficult to contextualize.

In acute ICAD-LVO, enteral antiplatelet therapy has less immediate effect than intravenous 

medications. In patients treated with rescue intracranial angioplasty/stenting and no 

intracranial hemorrhage, the benefit of DAPT with aspirin plus clopidogrel might outweigh 

the risk.71 Ticagrelor, a P2Y12 receptor antagonist, has a faster onset of action than 

clopidogrel, but no published data are available for ticagrelor in ICAD-LVO. In a 

retrospective study of patients treated with EVT plus extracranial carotid stenting, ticagrelor 

plus aspirin versus clopidogrel plus aspirin was associated with an increased risk of sICH.72

Subacute Medical Management of ICAD-LVO

Subacute Antiplatelet Therapy

The first high-quality data on subacute DAPT in patients with ICAD comes from the 

SAMMPRIS trial.73 SAMMPRIS randomized 451 patients with symptomatic 70-99% 

ICAD to best medical management compared to best medical management plus angioplasty/

stenting. Best medical management consisted of DAPT (aspirin plus clopidogrel) for 

90 days, followed by a single agent, high-intensity statin, and lifestyle changes.73 The 

recurrence rate in medically treated patients was lower than that reported in prior studies and 

there was no sICH from DAPT in the medical arm.74

In patients with minor stroke or TIA, three randomized trials showed the superiority of 

DAPT with aspirin and clopidogrel as well as aspirin and ticagrelor for three weeks to 

three months following stroke compared to aspirin monotherapy.75-77 In subgroup analyses, 
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DAPT appeared to be more effective in patients with intracranial and extracranial arterial 

stenosis.78 The POINT trial suggested that the efficacy of DAPT was greatest in the first 

30 days after which there was an increased risk of major bleeding events without additional 

benefit.75 The CHANCE trial showed that clopidogrel was only effective in non-CYP2C19 

carriers and the CHANCE-2 trial showed the superiority of ticagrelor over clopidogrel in 

patients with minor stroke and TIA who were carriers of CYP2C19.79 CHANCE-2 was 

performed in a Chinese population, thus limiting the generalizability of its findings. A 

post-hoc analysis of the POINT trial did not show that CYP2C19 status modified the effect 

of clopidogrel.80

Based on the current evidence, it is reasonable to use DAPT with aspirin and clopidogrel 

or aspirin and ticagrelor for 90-days after successful recanalization of ICAD-LVO, followed 

by aspirin or another antiplatelet monotherapy. Furthermore, while testing for clopidogrel 

resistance is reasonable, the clinical utility in populations outside East Asia remains 

uncertain. In the sub-group of patients with rescue stenting, longer term antiplatelet therapy 

may be required. In such scenarios, the benefit of longer-duration antiplatelets should be 

weighed against hemorrhagic risk.81

Blood Pressure Management

For patients receiving IVT and/or EVT, a post treatment blood pressure goal of <180/105 

mmHg is recommended by the AHA and European Stroke Organization guidelines.41 

When neither treatment is performed, permissive hypertension up to 220/110 mmHg is 

recommended unless concurrent medical conditions warrant BP lowering.

In the real world, lower BP goals are often targeted, especially with successful EVT.82 

Two randomized trials failed to show the benefit of BP lowering after successful EVT.83,84 

Worse outcomes were observed in successfully reperfused patients with intensive blood 

pressure target (i.e., SBP ≤ 120 mm Hg) in the ENCHANTED-2 trial, in which 48% of 

enrolled patients had ICAD-LVO. Hence this intensive blood pressure target should be 

avoided. Chronic hypertension, the main contributor to ICAD and stroke risk, causes a 

right shift in cerebral autoregulation.85 This puts ICAD patients at risk of compromised 

cerebral perfusion, even with small reductions in systemic BP. Thus, for ICAD-LVO, higher 

blood pressure targets, even after successful EVT, may be justified in the short term. 

After successful revascularization, ICAD-LVO are also prone to re-occlusion, reinforcing 

the considerations for higher blood pressure targets in the subacute phase.16 Additionally, 

use of acute angioplasty/stenting and antiplatelet medications complicates hemodynamic 

management,86 warranting flexible approaches tailored to the patient.

Depending on the patient’s clinical course, blood pressure can begin to be lowered in the 

days after stroke onset and long-term antihypertensive therapy can be instituted. Post-hoc 

analyses of ICAD patients in WASID and SAMMPRIS demonstrated that a mean SBP <140 

mm Hg during long-term follow-up was associated with a lower risk of recurrent stroke and 

vascular events,43,87,88 but the current AHA guidelines recommend a target SBP of <130 

mm Hg. However, there may be a subgroup of ICAD-LVO patients who benefit from a 

higher target of <140 mm Hg for weeks or months after a stroke given the short-term risk of 

hemodynamic failure.88-91
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Lipid lowering Therapy

An elevated low-density lipoprotein (LDL) is associated with ICAD and increases the risk 

of stroke recurrence.92 There is strong evidence supporting the use of high-intensity statins 

among patients with atherosclerotic disease.93 With regards to ICAD specifically, a single 

center randomized trial showed lower risk of cerebrovascular events and improved perfusion 

imaging parameters among patients treated with high-intensity statins.94 Recent studies 

have also shown atherosclerotic plaque stabilization among patients with ICAD using high 

intensity statins.95 Post hoc analyses of the SAMMPRIS and WASID trials showed lower 

rates of recurrent strokes among patients with lower LDL.96 The current AHA/ASA and 

AAN guidelines recommend high-intensity statin therapy to achieve a target LDL of < 70 

mg/dL for patients with symptomatic ICAD.89,97

Outcomes in ICAD-LVO and Considerations for Patient Follow-Up

The clinical course and functional outcome of patients with ICAD-LVO is distinct from 

cardioembolic LVO, although the two conditions may co-exist.98 Because the development 

of ICAD is a chronic process, collaterals may develop over time. As a result, ICAD-LVO 

may present with lower severity of symptoms or fluctuating symptoms compared to a 

cardioembolic LVO in which the symptoms are maximal at onset.8 The German Stroke 

Registry demonstrated that in a cohort of 2,637 patients cardioembolic LVO was associated 

with better 90-day functional outcomes compared with large artery atherosclerosis LVO 

(aOR 1.25, 95% CI 1.01–1.49), which was partially driven by higher reperfusion rates in 

the cardioembolic group.99 The Endovascular Treatment Key Technique and Emergency 

WorkFlow Improvement of Acute Ischemic Stroke (ANGEL-ACT) registry in China 

examined outcomes in 1,635 patients with LVO. Despite higher reperfusion scores in 

patients with a cardioembolic etiology, the 90-day outcomes were similar between stroke 

subtypes.100 There is no available data regarding long-term outcomes among patients with 

ICAD-LVO treated with rescue stenting or medical management.

Further complicating the picture, ICAD is a progressive vascular disease with a higher risk 

of subsequent ischemic events, even past the 90-day outcome window. After reperfusion of 

ICAD-LVO, more severe stenosis predicts the risk of recurrent stroke in the territory of the 

stenotic artery. The one-year rate of recurrent stroke in patients with symptomatic ≥70% 

stenosis is between 10 to 30%, despite aggressive medical treatment, compared to <10% in 

those with less severe stenosis.43,101-103 In general, intensive clinical follow-up programs 

correlate with better patient outcomes.104

Follow-up of ICAD-LVO patients is also determined in part by the treatment approach at the 

time of the index event. For patients managed with medical therapy or EVT combined with 

medical therapy, residual stenosis is monitored for progression. Durable complete occlusion 

may require no imaging follow-up specific to that artery. For patients who are treated 

with rescue angioplasty and/or stenting, the treated artery requires follow-up imaging for 

a patient-specific, variable period of time to determine the transition to single antiplatelet 

therapy. Finally, posterior circulation ICAD may be more prone to both progression and 

symptoms and should be monitored more closely.8
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Conclusion

ICAD-LVO is an increasingly recognized subgroup of LVO with unique diagnostic and 

therapeutic considerations. Although ICAD-LVO typically presents with less severe stroke, 

functional outcomes are equivalent to other mechanisms of LVO because of the high rate of 

re-occlusion and a high rate of recurrent stroke. ICAD-LVO warrants dedicated research to 

establish an evidence base for individualized treatment decisions.
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Non-Standard Abbreviations

CA contact aspiration

DAPT dual antiplatelet therapy

EVT endovascular therapy

ICAD intracranial atherosclerotic disease

LVO large vessel occlusion

SR stentriever

vwMRI vessel wall MRI
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Figure 1. 
A case of ICAD-LVO of the left middle cerebral artery (MCA) (panel A, white arrow) 

showing a truncal type occlusion with adjacent stenosis. CT perfusion (panel B) shows 

no appreciable core with a moderate sized ischemic penumbra of 40 mL. After one pass 

of a stentriever, the vessel was recanalized (panel C). However, on a 10-minute follow-up 

angiogram, there was re-occlusion (panel D, white arrow) and the EVT procedure was 

terminated. Despite the re-occlusion, the final infarct volume was moderate sized on MRI 

with scattered areas of ischemic throughout the left MCA territory (panel E).
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Figure 2. 
Case of middle cerebral artery ICAD-LVO on angiography. Panel A: ICAD-LVO tapered 

occlusion (white arrow). Panels B-C: recanalization with deployed stentriever conforming 

to the underlying stenosis (white arrow, B unsubtracted, C subtracted). Panel D: post-

recanalization angiography confirming ICAD with severe stenosis (black arrow).
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Figure 3. 
Middle cerebral artery occlusion angiographic and EVT treatment images. Panels A-B 

(cardioembolic): a branch segment occlusion characteristic of atrial fibrillation that is 

successfully recanalized with a stent-retriever on follow-up angiography (panel B, right); 

Panels C-D (ICAD): a truncal occlusion characteristic of ICAD that is successfully 

recanalized with a stent-retriever (panel D, left) followed by re-occlusion due to ICAD 

(panel D, right). Note contrast flow when stentriever is deployed in the inferior division only 

with embolic LVO (panel A, right) compared to flow in both superior and inferior divisions 

in ICAD LVO case (panel C, right)
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