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Abstract  

Intracranial Atherosclerotic Disease (ICAD) is a significant global health challenge, causing ischemic stroke. 

The disease is prevalent in Asian, Hispanic, and African populations, with a higher prevalence observed. The 

mechanisms leading to stroke are complex, including artery-to-artery embolism, perforator occlusion, and 

impaired distal perfusion due to hemodynamic insufficiency. Aggressive medical management (AMM) is the 

cornerstone and first-line treatment for ICAD, demonstrating considerable effectiveness in mitigating stroke 

recurrence. However, landmark randomized controlled trials like SAMMPRIS, VISSIT, and CASSISS have 

generally not demonstrated the superiority of endovascular interventions over AMM as a primary treatment 

strategy due to associated periprocedural risks. Despite these challenges, endovascular therapies maintain a 

critical role, particularly in the acute management of large vessel occlusion (LVO) and for carefully selected 

patient cohorts who remain symptomatic despite optimal medical therapy. The field is poised for 

transformative advancements, including the development and refinement of novel devices, and a pivotal shift 

towards personalized medicine approaches. These ongoing efforts and the design of next-generation clinical 

trials are vital to address specific high-risk subgroups and refine treatment protocols, ultimately aiming to 

improve long-term outcomes for individuals affected by ICAD. 
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1. Introduction to Intracranial Atherosclerotic 

Disease (ICAD) 

1.1 Definition, Pathophysiology, and Clinical 

Presentation 

Intracranial Atherosclerotic Disease (ICAD), also 

referred to as intracranial atherosclerosis (ICAS), is 

a chronic, progressive condition characterized by 

the accumulation of a sticky substance known as 

plaque within the arterial walls supplying blood to 

the brain.
( 1)

 This pathological buildup, composed of 

fat and cholesterol, leads to a gradual narrowing 

(stenosis) and potential blockage of these vital 

cerebral vessels
.(1)

 It is important to recognize that 

ICAD is not an isolated phenomenon but rather an 

integral component of a systemic atherosclerotic 

process that affects arteries throughout the body, 

including those supplying the heart, which can lead 

to myocardial infarction, or the legs, causing 

peripheral artery disease.
(1) 

The pathophysiology of ICAD is complex, rooted in 

a progressive pathological process that culminates 

in cerebral hypoperfusion due to increasing 

stenosis.
(4)

 Contemporary understanding emphasizes 

atherosclerosis as a chronic inflammatory process. 

Key systemic risk factors, such as hypertension, 

diabetes, and smoking, induce vascular endothelial 

dysfunction and heighten vascular permeability, 

thereby initiating and perpetuating plaque formation 

and growth.
(4)

 Beyond the mere degree of luminal 

narrowing, the morphology of the atherosclerotic 

plaque itself is increasingly recognized as a crucial 

determinant of clinical events. Plaques deemed 

"unstable," characterized by a large lipid core, a thin 

fibrous cap, and evidence of inflammation, are 

particularly susceptible to rupture, which can trigger 

acute thrombosis and subsequent ischemic stroke.
(5) 

A significant challenge associated with ICAD lies 

in its often-insidious clinical presentation. Unlike 

extracranial carotid atherosclerosis, which 

frequently manifests with warning signs such as 

transient ischemic attacks (TIAs or "ministrokes"), 

intracranial atherosclerosis often remains clinically 

silent until a major ischemic stroke occurs.
1
 This 

late presentation represents a substantial diagnostic 

hurdle, as it typically leads to a reactive rather than 

a proactive approach to diagnosis. When symptoms 

do emerge, they are typically abrupt and their 

specific nature depends on the affected brain region. 

Common signs and symptoms of a stroke or TIA 

include sudden onset of numbness or weakness, 

particularly on one side of the face, arm, or leg; 

confusion or dizziness; difficulties with speech or 

comprehension; visual disturbances in one or both 

eyes; problems with walking, balance, or 

coordination; severe headaches without an 

identifiable cause; or trouble swallowing.
 (1)

 In rare 

but severe instances, patients may also experience 

sudden loss of consciousness or seizures.
(3)

 This 

pattern of late, often catastrophic, presentation 

underscores the urgent need for more effective 

screening strategies in high-risk populations, even 

in the absence of overt symptoms. It also highlights 

the imperative for the development of advanced 

non-invasive diagnostic tools capable of identifying 

hemodynamically significant or vulnerable ICAD 

lesions before a major cerebrovascular event. The 

fact that ICAD is frequently diagnosed in an acute 

or subacute phase profoundly influences the timing 

and associated risks of any potential interventional 

therapies. 

Diagnosis of ICAD is most commonly established 

during the acute workup for stroke-like symptoms, 

often through computed tomography (CT) or 

magnetic resonance imaging (MRI) scans.
(2)

 In 

some cases, ICAD may be an incidental finding on 

imaging studies performed for unrelated medical 

conditions.
(2)

 While intra-arterial angiography has 

historically been considered the definitive gold 

standard for precisely delineating the extent of 

arterial stenosis. 
(6)

, non-invasive modalities such as 

transcranial Doppler (TCD) ultrasound and 

magnetic resonance angiography (MRA) are 

increasingly recognized for their reliability in 

detecting moderate to severe (50-99%) stenosis.
6
 

High-resolution MRI is also utilized for detailed 

evaluation of the intracranial arterial tree
.(7)

 The 

understanding of atherosclerosis as a chronic 

inflammatory and systemic process further 

emphasizes the need for comprehensive risk factor 

modification. This extends beyond merely 

controlling blood pressure and cholesterol levels, 

suggesting that therapeutic strategies might also 
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need to address underlying systemic inflammatory 

conditions, given the disease's inflammatory basis. 

This interconnectedness explains why ICAD 

frequently co-occurs with other systemic 

cardiovascular diseases, underscoring the necessity 

of an integrated, multidisciplinary approach to 

patient management that addresses overall 

metabolic and vascular health. 
 

1.2 Global Epidemiology and Key Risk Factors 

Intracranial atherosclerotic disease (ICAD) is a 

significant and widespread cause of ischemic stroke 

across the globe.
3
 In Western societies, including 

the United States, ICAD accounts for approximately 

8-10% of all ischemic strokes, translating to an 

estimated 70,000 cases annually.
(11)

 However, its 

prevalence is markedly higher in specific global 

populations, contributing to 33% to 50% of strokes 

in Asian, Hispanic, and African populations.
4
 

Globally, it is estimated that between 20 and 40 

individuals per 100,000 experience a cerebral 

infarction directly attributable to ICAD.
12 

A well-documented epidemiological observation is 

the distinct racial and ethnic variation in the 

distribution of cervicocerebral atherosclerosis.
8
 

Atherosclerosis exhibits a greater propensity to 

affect intracranial arteries in Asian, Hispanic, and 

African populations.
(4)

 Conversely, individuals of 

Caucasian descent tend to experience a higher 

incidence of extracranial carotid disease.
(8)

 This 

observed disparity is likely a result of a complex 

interplay involving differences in genetic 

susceptibility, unique risk factor profiles, and 

lifestyle patterns prevalent within these diverse 

racial and ethnic groups.
(4)

 The stark difference in 

prevalence between Western populations and 

Asian/Hispanic/African populations highlights 

ICAD as a disproportionately significant public 

health burden in specific global regions. This 

necessitates the development and implementation of 

regionally tailored public health interventions, 

targeted screening programs, and specific research 

priorities based on local demographics and risk 

factor profiles. Furthermore, it implies that findings 

from clinical trials predominantly conducted in 

Western populations, such as the SAMMPRIS trial, 

may not be directly generalizable or fully applicable 

to high-prevalence Asian populations, underscoring 

a critical need for more geographically and 

ethnically diverse research to inform global clinical 

practice. 

A consistent set of modifiable risk factors are 

strongly associated with the development and 

progression of ICAD. These include: 

● High blood pressure (hypertension).
(1)

 

● Smoking (cigarette use).
(1)

 

● Diabetes mellitus.
(1)

 

● High blood cholesterol levels (hyperlipidemia).
(1)

 

● Obesity.
(1)

 

● Sedentary lifestyle and lack of exercise.
(1)

 

● Other heart diseases (e.g., heart attack, heart 

failure) and artery diseases outside the heart and 

major vessels.
(1)

 

● Metabolic syndrome has also been identified as an 

independent predictor for ICAD.
(6)

 

Several non-modifiable risk factors for ICAD have 

also been identified: 

● Increasing age: ICAD is most frequently observed 

in patients 40 years and older, with its prevalence 

and severity distinctly increasing with advancing 

age.
(1)

 

● Gender: The relationship between ICAD and 

gender is somewhat controversial, with some 

studies reporting a female predominance, while 

others indicate a higher prevalence in men, 

particularly in younger age groups.
1
 

● Family history of stroke and/or atherosclerosis.
(1)

 

● Prior history of stroke and/or heart attack.
(1)

 

● Race/ethnicity, as detailed above.
(1)

 

The consistent identification of these modifiable 

risk factors across numerous studies, coupled with 

the explicit association of metabolic syndrome with 

ICAD, points to a common underlying systemic 

pathological process, often linked to metabolic 

dysfunction. This understanding suggests that 

effective ICAD prevention and management must 

adopt a holistic, multi-factorial approach, 

aggressively target all components of metabolic 

syndrome and promote healthy lifestyles, rather 

than focusing on isolated risk factor control. This 

comprehensive strategy is crucial because ICAD is 

frequently a manifestation of broader systemic 

cardiovascular health issues, necessitating 

integrated care pathways that address the patient's 

overall metabolic and vascular well-being. 
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1.3 Significance of ICAD as a Cause of Ischemic 

Stroke 

Intracranial atherosclerotic disease is unequivocally 

recognized as a leading and globally significant 

cause of ischemic stroke.
(3)

 In the United States, it 

holds the distinction of being the third-leading 

cause of stroke, responsible for an estimated 70,000 

cases annually.
(7) 

A critical and defining characteristic of ICAD is the 

significantly elevated risk of recurrent ischemic 

events and death observed among affected patients, 

a feature that distinctly differentiates it from other 

stroke subtypes
.(4)

 The annual risk of stroke directly 

attributable to a stenosed intracranial vessel is 

approximately 8%.
(5)

 For individuals presenting 

with high-grade stenosis, defined as 70-99% 

narrowing of the arterial lumen, the annual risk of 

stroke can escalate to between 10% and 20%.
(8)

 

Alarmingly, the 1-year recurrent stroke rate in this 

particularly vulnerable subgroup can exceed 20%, 

positioning it among the highest recurrence rates 

observed across common causes of stroke.
(12)

 This 

persistently high recurrence risk, even in the context 

of optimal medical treatment, is a profound 

concern.
(9)

 It highlights that while current medical 

management has undeniably improved outcomes, it 

remains insufficient for a substantial subset of 

ICAD patients, leading to considerable ongoing 

morbidity and mortality. This situation underscores 

the urgent need for more effective secondary 

prevention strategies, including the continuous 

refinement of medical therapies and the rigorous 

validation of advanced endovascular approaches 

that can safely and durably reduce this burden, 

particularly in those patients who continue to 

experience high risk despite receiving the best 

available medical care. The substantial long-term 

burden on patients, their caregivers, and healthcare 

systems due to repeated cerebrovascular events 

further emphasizes this critical need. 

Furthermore, intracranial atherosclerotic disease-

related large vessel occlusion (ICAD-LVO) 

constitutes a substantial proportion of acute 

ischemic stroke cases that necessitate endovascular 

therapy, accounting for 15-35% of such 

presentations.
(13)

 This highlights the acute and 

severe manifestations of ICAD that often require 

immediate, advanced interventions. 
 

2. Mechanisms of Stroke in ICAD 

Stroke in patients with intracranial atherosclerotic 

disease can manifest through several distinct and 

often coexisting mechanisms, reflecting the 

complex pathophysiology of the disease. 

Understanding these mechanisms is crucial for 

tailoring effective treatment strategies. 

One primary mechanism is artery-to-artery 

embolization.
(9)

 This occurs when a fragment of an 

unstable atherosclerotic plaque, or a thrombus 

formed on its surface, detaches from the stenotic 

intracranial vessel and travels downstream, 

occluding a smaller, more distal artery. This 

typically results in territorial patterns of infarction, 

affecting larger areas of brain tissue.
(16)

 The 

instability of the plaque, characterized by a large 

lipid core and a thin, inflamed fibrous cap, is a key 

factor in triggering such embolic events.
(5) 

Another significant mechanism is perforator 

disease, often referred to as branch occlusion.
(5)

 In 

this scenario, the atherosclerotic plaque within the 

parent intracranial artery directly encroaches upon 

or occludes the ostium (origin) of small, penetrating 

arteries that supply deep brain structures. This leads 

to small, subcortical lacunar-like infarcts, often less 

than 1.5 cm in size.
(5)

 This mechanism is 

particularly challenging as these small vessels are 

critical for localized brain perfusion. 

 

Impaired distal perfusion, or hemodynamic 

insufficiency, represents a third major 

mechanism.
(9)

 This occurs when severe stenosis 

significantly reduces blood flow to the brain tissue 

distal to the lesion, especially when collateral 

circulation is insufficient to compensate. Such 

hypoperfusion typically leads to "border zone" or 

"watershed" infarcts, which occur in areas at the 

periphery of major arterial territories, where blood 

supply is most vulnerable to drops in systemic 

blood pressure or severe local stenosis.
(16)

 Patients 

with significant hemodynamic compromise, as 

identified by perfusion imaging, face a higher risk 

of stroke recurrence.
(20) 

Less common but equally impactful mechanisms 

include in situ thrombotic occlusion and plaque 

extension.
(5

 
)
In situ thrombotic occlusion involves 
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the formation of a thrombus directly at the site of 

the atherosclerotic plaque, leading to complete 

blockage of the vessel
.(18)

 Plaque extension refers to 

the growth of the atherosclerotic lesion itself, 

progressively narrowing the vessel lumen and 

potentially involving adjacent perforators.
10 

The diverse nature of these stroke mechanisms 

means that a single therapeutic approach may not be 

universally effective. For instance, an antiplatelet 

agent might be highly effective for preventing 

artery-to-artery embolism from an unstable plaque, 

but less so for a stroke caused by severe 

hemodynamic compromise. Conversely, 

revascularization procedures might be beneficial for 

hemodynamic insufficiency but carry risks if the 

primary mechanism is related to an unstable, highly 

thrombogenic plaque. Therefore, understanding the 

specific mechanism of stroke in an individual 

patient, often inferred from the pattern of infarction 

on MRI (e.g., lacunar, territorial, or border zone 

infarcts), is crucial for guiding personalized 

treatment strategies. This understanding informs the 

choice between different antiplatelet agents, the 

consideration of anticoagulants, or the decision to 

pursue revascularization procedures. The 

complexity of these mechanisms also explains why 

patients with ICAD often experience early 

progression of neurological deficits and new 

ischemic changes on imaging, even under 

aggressive medical management.
(19) 

 

3. Current Medical Management for ICAD 

3.1 Aggressive Medical Management (AMM) 

Aggressive Medical Management (AMM) stands as 

the cornerstone and current first-line treatment for 

patients diagnosed with intracranial atherosclerotic 

disease
.(7 )

This comprehensive strategy is designed 

to reduce the high risk of recurrent stroke associated 

with ICAD by targeting multiple pathophysiological 

pathways and systemic risk factors. 

A critical component of AMM is antithrombotic 

therapy. Aspirin is widely recognized as the most 

commonly used antiplatelet agent in ICAD 

management.
1
 Historical trials, such as the 

Warfarin-Aspirin Symptomatic Intracranial Disease 

(WASID) trial, provided pivotal insights into 

antithrombotic choices. The WASID trial, which 

compared warfarin with aspirin for patients with 

symptomatic ICAD causing 50-99% stenosis, found 

no significant difference in the rates of recurrent 

stroke or death between the two arms. However, the 

warfarin group experienced significantly higher 

rates of major hemorrhage (8.3% vs. 3.2%) and 

death (9.7% vs. 4.3%) compared to the aspirin 

group, leading to the early cessation of the warfarin 

arm due to safety concerns.
9
 Consequently, aspirin 

emerged as the preferred antithrombotic agent. 

More recent guidelines, particularly for patients 

with 70-99% symptomatic ICAD, recommend a 

short course of 

dual antiplatelet therapy (DAPT), typically with 

aspirin (e.g., 325 mg/day) and clopidogrel (e.g., 75 

mg/day) for up to 90 days, followed by long-term 

single antiplatelet therapy.
(23)

 This approach is 

supported by trials like SAMMPRIS, which 

incorporated DAPT as part of its aggressive medical 

arm.
(33)

 For Asian populations, cilostazol in 

combination with aspirin has shown promise in 

preventing the progression of symptomatic 

intracranial stenosis with fewer bleeding events.
(5) 

Beyond antithrombotic agents, stringent risk factor 

modification is paramount. This involves achieving 

and maintaining specific target levels for key 

cardiovascular risk factors: 

● Blood Pressure Management: Current guidelines 

recommend maintaining systolic blood pressure 

below 140 mmHg.
(22)

 For diabetic patients, a more 

aggressive target of less than 130/80 mmHg is often 

advised.
(9)

 Thiazide diuretics, angiotensin-

converting enzyme (ACE) inhibitors, or angiotensin 

II receptor blockers (ARBs) are preferentially 

used.
(24)

 

● Lipid Management: High-intensity statin therapy, 

such as atorvastatin (40-80 mg daily) or 

rosuvastatin (20-40 mg daily), is strongly 

recommended for all patients with atherosclerotic 

stroke, irrespective of baseline cholesterol levels.
(9)

 

The treatment target for low-density lipoprotein 

cholesterol (LDL-C) is typically below 70 mg/dL.
(9)

 

For patients who do not achieve target LDL-C 

levels or are statin intolerant, ezetimibe and PCSK9 

inhibitors are beneficial adjunctive therapies.
(24)

 

Additionally, icosapent ethyl has shown promise in 

reducing ischemic events in patients with elevated 
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triglyceride levels and cardiovascular disease or 

diabetes.
(9)

 

● Diabetes Control: For most diabetic patients, the 

goal is to achieve a hemoglobin A1c (HbA1c) level 

of ≤7%, managed through a combination of diet, 

insulin, and hypoglycemic medications.
(23)

 

● Lifestyle Modifications: Comprehensive lifestyle 

changes are essential for both primary and 

secondary stroke prevention. These include strict 

smoking cessation 
(1)

, regular physical activity (with 

a minimum of 10 minutes of moderate-intensity 

aerobic activity four times a week recommended for 

capable patients)
(
 
2)

, adopting healthy dietary habits 

(emphasizing fruits, vegetables, whole grains, and 

limiting salt and saturated fats) 
(9)

, and achieving 

and maintaining a healthy weight.
1
 Managing stress 

and ensuring adequate sleep are also recognized as 

important components of overall cardiovascular 

health.
(35)

 

The evolution of AMM, particularly from the 

WASID trial's findings to the aggressive, multi-

target risk factor control emphasized in 

SAMMPRIS, reflects a deepening understanding of 

ICAD's complex and systemic nature. This shift 

towards comprehensive, rather than isolated, risk 

factor management is a key paradigm change in 

ICAD therapy. While AMM has demonstrably 

improved outcomes and significantly reduced stroke 

rates over the years, a significant limitation remains 

the persistent high risk of stroke recurrence. Despite 

optimal medical treatment, the risk of stroke 

recurrence can still reach as high as 12% in the first 

year
.(9 )

For patients with severe stenosis, the 

recurrence rates can be even higher.
(19)

 This 

indicates that AMM, while foundational and highly 

effective, is not a complete solution, especially for 

those with severe stenosis. This ongoing challenge 

continues to drive the exploration and refinement of 

adjunctive therapies, including advanced 

endovascular interventions. 
 

4. Advances in Endovascular Therapy 

4.1 Historical Development and Early Trials 

The journey of endovascular therapy for intracranial 

atherosclerotic disease has been marked by periods 

of both enthusiasm and significant setbacks, 

reflecting a continuous learning curve in managing 

this complex cerebrovascular condition. Early 

attempts at intracranial angioplasty were reported 

in the mid-1980s.
14

 These initial procedures, 

however, were associated with alarmingly high 

complication rates, including vessel rupture, 

vasospasm, and dissection, with some studies 

reporting rates as high as 33-50%.
(14)

 These 

complications were largely attributed to the use of 

oversized balloons and rapid inflation techniques, 

which were not well-suited for the delicate 

intracranial vasculature.
(38) 

The introduction of stents, initially bare metal 

stents (BMS) for coronary arteries in the 1980s, 

gradually led to their adaptation for intracranial 

applications.
(39)

 The high stroke recurrence rates 

observed in the medical arm of the WASID trial 

(11-14% at 1-2 years overall, and a striking 23% at 

1 year for patients with ≥70% stenosis) 
19

 fueled a 

renewed interest in endovascular stenting as a 

potential solution to reduce this substantial risk. 

This led to the development and eventual FDA 

approval of the 

Wingspan Stent System in August 2005, under a 

Humanitarian Device Exemption (HDE).
(29)

 Early 

trials and registries evaluating the Wingspan stent 

reported initial safety and feasibility, with 

periprocedural complication rates ranging from 4.5-

6.2% and restenosis rates between 7-30% at 6 

months.
(29) 

However, the landscape of ICAD treatment was 

dramatically reshaped by the results of the Stenting 

and Aggressive Medical Management for 

Preventing Recurrent Stroke in Intracranial 

Arterial Stenosis (SAMMPRIS) trial, published in 

2011. This landmark randomized controlled trial 

compared aggressive medical management (AMM) 

alone with AMM plus Wingspan stenting for 

patients with 70-99% symptomatic intracranial 

stenosis. The trial was prematurely halted due to a 

significantly higher 30-day rate of stroke or death in 

the stenting group (14.7%) compared to the AMM-

alone group (5.8%).
(19)

 This adverse outcome was 

primarily driven by periprocedural complications, 

including perforator occlusion and reperfusion 

hemorrhage.
25

 Furthermore, long-term follow-up (1-

3 years) also continued to favor AMM.
25 

The Vitesse Intracranial Stent Study for 

Ischemic Stroke Therapy (VISSIT) trial, 
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published in 2015, yielded similar negative results 

for balloon-mounted stents compared to AMM. 

This trial reported higher 30-day (24.1% vs. 9.4%) 

and 1-year (36.2% vs. 15.1%) rates of stroke or TIA 

in the stent group.
(25)

 More recently, the 

China Angioplasty and Stenting for 

Symptomatic Intracranial Severe Stenosis 

(CASSISS) trial (2022) also found no significant 

benefit of stenting over AMM, although it reported 

comparable safety profiles between the two groups, 

indicating an improvement in procedural safety over 

time.
(46) 

The initial enthusiasm for endovascular therapy, 

spurred by the high medical failure rates observed 

in WASID, was profoundly tempered by the 

negative outcomes of SAMMPRIS and VISSIT. 

These pivotal trials fundamentally shifted the 

treatment paradigm, underscoring the critical 

importance of meticulous patient selection, the 

profound impact of operator experience, and the 

inherent risks associated with interventions, 

particularly in the acute phase of ICAD. The high 

rates of perforator occlusion and reperfusion 

hemorrhage observed in these trials highlighted 

specific vulnerabilities of the intracranial circulation 

to mechanical intervention. This historical 

progression has led to a more cautious and refined 

approach to endovascular therapy, emphasizing its 

role in specific clinical contexts rather than as a 

broad first-line treatment. 
 

4.2 Current Endovascular Techniques and 

Devices 

The field of endovascular therapy for ICAD has 

continued to evolve, spurred by the need to 

overcome the limitations identified in earlier trials. 

Current techniques predominantly involve balloon 

angioplasty alone, balloon-mounted stenting, and 

self-expanding stent placement, which may or 

may not be preceded by angioplasty.
(15) 

Balloon angioplasty aims to reduce luminal 

stenosis and increase downstream perfusion through 

mechanisms such as plaque redistribution and direct 

vessel dilation.
(38)

 Lessons learned from early, high-

complication rates have led to refined techniques, 

including slower inflation times over minutes (as 

opposed to seconds) and the use of undersized 

balloons, which have significantly reduced 

procedural complications.
(15)

 The Gateway balloon 

is currently the only FDA-approved device 

specifically for intracranial angioplasty.
(38) 

Stent placement involves deploying a permanent 

metallic mesh tube within the artery to 

mechanically hold the vessel open and compress the 

plaque against the arterial wall, thereby improving 

blood flow and reducing the risk of plaque 

embolization.
(1) 

A variety of devices are currently employed: 

● The Wingspan Stent System remains the only 

FDA-approved stent specifically for ICAD, but 

its indications have become more restrictive 

following the SAMMPRIS trial.
(25)

 
 

● Off-label self-expanding stents (SES), 

originally designed for other neurovascular 

conditions like aneurysms (e.g., Enterprise, 

Neuroform EZ, LVIS, Solitaire AB), have been 

used in some studies for ICAD with reports of 

fewer perioperative complications compared to 

the Wingspan stent in certain contexts.
(46)

 
 

● Drug-eluting stents (DES), which are coated 

with antiproliferative drugs, were developed to 

address the issue of in-stent restenosis, a 

common complication with bare metal stents.
(39)

 

While widely adopted in coronary artery 

interventions, their role in ICAD is still under 

investigation. Some studies suggest DES can 

reduce in-stent restenosis, particularly in 

vertebral arteries, but meta-analyses show less 

clear superiority over bare metal stents in 

intracranial arteries regarding postoperative 

stroke rates.
(56)

 

 
 

● Drug-coated balloons (DCB) represent a newer 

therapeutic approach. These balloons deliver 

antiproliferative drugs directly to the vessel wall 

during angioplasty without leaving a permanent 

implant, potentially reducing restenosis while 

avoiding the long-term issues associated with 

permanent stents. DCB angioplasty is currently 

under investigation in randomized controlled 

trials, such as the DR. BEYOND trial, with 

promising early results for reducing 

restenosis.
(45)
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● Flow diverters (FD), primarily developed for 

the treatment of intracranial aneurysms, are also 

being explored in specific ICAD contexts, 

particularly for intracranial aneurysms 

accompanied by parent artery stenosis.
61

 

The procedural aspects of endovascular therapy 

typically involve accessing the arterial system 

via a small puncture in the femoral artery in the 

groin or, less commonly, the brachial artery.
1
 

Under fluoroscopic guidance, a catheter is 

advanced to the target intracranial artery. 

Antithrombotic medication is administered 

before, during, and after the procedure to prevent 

clot formation.
47

 Balloon angioplasty is usually 

performed first to dilate the stenotic lesion, 

followed by stent deployment if indicated. Post-

procedure, patients are monitored for 

complications, and antithrombotic therapy is 

continued.
(15) 

The continuous evolution of devices and 

techniques, particularly the emergence of drug-

eluting technologies and the re-evaluation of 

submaximal angioplasty, reflects an ongoing 

commitment to mitigate the periprocedural risks 

and improve the long-term patency of treated 

vessels. These were significant limitations in 

earlier trials. The shift in focus from proving 

"superiority over medical therapy" to identifying 

endovascular interventions as "rescue therapy" or 

"treatment for specific high-risk subgroups" 

marks a more pragmatic and patient-centered 

approach. This refined perspective acknowledges 

the complexities of ICAD and aims to integrate 

interventions where they offer the most distinct 

and safest benefit. 
 

4.3 Current Indications and Outcomes 

Based on the cumulative evidence from major 

clinical trials and meta-analyses, endovascular 

interventions for ICAD are generally reserved 

for specific patient populations and clinical 

scenarios. They are not considered a primary, 

first-line therapy for most patients. 

The primary role for endovascular interventions is 

now typically for patients who experience 

recurrent ischemic events despite receiving 

maximal medical therapy (AMM), particularly 

those with high-grade stenosis (70-99%).
(7)

 This 

reflects a shift in strategy, where intervention is 

considered a secondary option when AMM alone 

proves insufficient. 

A crucial and expanding role for endovascular 

therapy is in the management of acute ischemic 

stroke due to intracranial atherosclerotic 

disease-related large vessel occlusion (ICAD-

LVO). ICAD-LVO accounts for a significant 

proportion (15-35%) of all large vessel 

occlusions requiring endovascular 

thrombectomy.
13

 In these acute settings, 

mechanical thrombectomy is often performed, 

but ICAD-LVO is associated with a high rate of 

reocclusion (30-50%) following initial 

reperfusion.
(64)

 Consequently, 

rescue stenting is frequently considered in these 

cases to maintain vessel patency and prevent 

reocclusion.
45 

The outcomes of landmark randomized controlled 

trials (RCTs) have profoundly influenced current 

indications: 
 

● The SAMMPRIS trial famously demonstrated 

that stenting plus AMM was inferior to AMM 

alone, with a significantly higher 30-day stroke 

or death rate in the stenting group (14.7% vs. 

5.8%).
(27)

 This negative outcome was largely 

attributed to periprocedural complications. 
 

● The VISSIT trial similarly showed that balloon-

mounted stenting resulted in higher 30-day 

(24.1% vs. 9.4%) and 1-year (36.2% vs. 15.1%) 

rates of stroke or TIA compared to AMM.
(27)

 
 

● The more recent CASSISS trial (2022), while 

showing improved periprocedural safety for 

stenting compared to earlier trials, still found no 

significant difference in the primary outcome 

(stroke or death within 30 days or stroke in the 

qualifying territory from 30 days to 1 year) 

between the stenting and AMM groups (8.0% vs. 

7.2%).
 (46)

 

Recent meta-analyses consolidate these findings, 

concluding that intracranial stenting as a first-

line therapy offers no significant advantage over 

medical therapy in preventing stroke in 

symptomatic ICAS, while it does pose added 

early risks, particularly for stroke and 
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intracranial hemorrhage within 30 days. No 

significant differences in long-term outcomes 

(e.g., at 1 year) were found.
(17)

 This consistency 

across multiple RCTs and meta-analyses 

provides a high level of evidence guiding current 

practice. 

Regarding patency rates, restenosis remains a 

concern with intracranial stenting, with reported 

rates varying (e.g., 7-30% at 6 months for 

Wingspan).
(29)

 However, newer 

drug-eluting stents (DES) have shown promise in 

reducing in-stent restenosis compared to bare metal 

stents, particularly in vertebral arteries.
(21)

 While 

DES exhibit a comparable safety profile to BMS for 

both intracranial and vertebral artery stenosis, their 

efficacy in reducing postoperative strokes is more 

pronounced in vertebral artery stenosis, with less 

clear benefits in intracranial arteries.
(58) 

The current body of evidence firmly establishes 

aggressive medical management as the default first-

line therapy for most symptomatic ICAD patients. 

Endovascular therapy's role is shifting towards 

highly selected cases, particularly those presenting 

with acute large vessel occlusion or those who 

remain symptomatic despite rigorous AMM, and 

primarily within the context of ongoing clinical 

trials. This evolving understanding highlights a 

critical need for enhanced patient stratification and 

meticulous risk assessment before considering 

interventional procedures, as well as continued 

device refinement to further improve safety profiles 

and long-term efficacy. 
 

5. Challenges and Future Directions 

5.1 Limitations of Current Diagnostic and 

Treatment Methods 

Despite significant advancements, the diagnosis and 

treatment of intracranial atherosclerotic disease 

continue to face several inherent limitations, 

contributing to the ongoing challenge of effectively 

managing this complex condition. 

A primary diagnostic limitation is that ICAD often 

remains asymptomatic until a major ischemic 

stroke occurs, thereby limiting opportunities for 

early intervention and proactive prevention.
1
 While 

traditional intra-arterial angiography offers detailed 

anatomical information, its invasive nature restricts 

its use as a routine screening tool.
(6)

 Furthermore, 

current non-invasive imaging modalities, while 

improving, may not fully characterize the subtle 

features of plaque vulnerability or precisely 

quantify the degree of hemodynamic compromise, 

which are crucial for identifying patients at highest 

risk of future events.
(55)

 The complexity of ICAD 

pathophysiology, with its diverse stroke 

mechanisms, means that a simple assessment of 

stenosis alone is often insufficient for guiding 

optimal management. 

In terms of treatment, despite the demonstrated 

benefits of aggressive medical management 

(AMM), a persistent high risk of stroke 

recurrence remains, particularly in patients with 

severe stenosis.
(9)

 This indicates that AMM, while 

foundational, is not a panacea for all ICAD patients. 

The history of endovascular therapy for ICAD is 

marked by challenges related to periprocedural 

complications. Early randomized trials, notably 

SAMMPRIS and VISSIT, revealed unacceptably 

high rates of periprocedural stroke and death in the 

stenting arms. These complications were frequently 

attributed to factors such as perforator occlusion, 

reperfusion hemorrhage in vulnerable ischemic 

brain tissue, and mechanical disturbance of unstable 

plaques during the procedure.
(19)

 Another persistent 

concern with stenting is 

restenosis, the re-narrowing of the stented vessel, 

which can necessitate repeat interventions and 

contribute to recurrent ischemic events.
(5) 

The optimal timing of intervention remains a 

subject of debate. While early intervention might 

address acute ischemia, it carries a higher risk due 

to plaque instability in the acute phase. Conversely, 

delaying intervention, while potentially safer 

procedurally, may leave patients vulnerable during 

a high-risk period for stroke recurrence.
(25)

 This 

dilemma highlights the need for precise patient 

selection and risk stratification. Furthermore, there 

is currently 

no clear consensus on best practices for all 

aspects of ICAD management, particularly 

regarding the precise role and timing of 

endovascular interventio.
(68)

 Significant gaps in 

knowledge also exist concerning the optimal 

duration of antithrombotic therapy and the impact 

of pharmacogenomic factors, such as the CYP2C19 
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genotype, on the efficacy and safety of medical 

management.
(68) 

These limitations collectively highlight the 

necessity for a more nuanced understanding of 

ICAD, moving beyond a simple assessment of 

stenosis degree to incorporate detailed plaque 

characteristics and the precise hemodynamic impact 

of the lesions. This complex interplay of factors 

necessitates the development of more advanced 

diagnostic tools and truly personalized treatment 

approaches to overcome current challenges and 

significantly improve patient outcomes. 

5.2 Future Directions in Research and Therapy 

The future of ICAD management is poised for 

transformative advancements, driven by ongoing 

research focused on overcoming current limitations 

and embracing a more personalized approach to 

patient care. 

A key emerging direction is personalized 

medicine, which aims to tailor treatment strategies 

based on an individual's unique pathophysiology. 

This involves the integration of diagnostic and 

therapeutic approaches, often referred to as 

theranostics, to optimize stroke and cognitive 

impairment prevention.
(70)

 This shift acknowledges 

the heterogeneity of ICAD and the need to move 

beyond a "one-size-fits-all" approach. 

Advances in imaging and biomarkers are crucial 

for refining patient selection and guiding therapy. 

Future research will focus on: 

● High-resolution vessel wall imaging to 

precisely characterize plaque morphology, 

identify vulnerable plaques, and assess 

inflammatory activity, which are critical 

determinants of stroke risk.
(7)

 

● Quantitative Magnetic Resonance 

Angiography (MRA) and CT perfusion to 

accurately assess hemodynamic compromise and 

the adequacy of collateral circulation, providing 

a more functional assessment of stenosis.
(55)

 

● The application of computational fluid 

dynamics (CFD) to model blood flow dynamics 

across stenoses, aiming to predict individual 

stroke risk and optimize therapeutic 

interventions.
(21)

 

● Identification and validation of novel serologic 

and neuroimaging biomarkers that can predict 

stroke recurrence and guide treatment 

decisions.
(20)

 

The development of novel endovascular devices 

is also a significant area of focus: 

● Drug-eluting balloons (DEB) and drug-eluting 

stents (DES) are being refined to further reduce 

in-stent restenosis rates, which have been a 

persistent challenge with bare metal stents. These 

devices deliver antiproliferative agents directly 

to the vessel wall, aiming for sustained 

patency.
(45)

 The DR. BEYOND randomized 

controlled trial is currently investigating the 

efficacy and safety of DEB angioplasty 

compared to bare-metal stenting.
(60)

 

● Submaximal angioplasty, a technique involving 

less aggressive dilation, is being explored as a 

potentially safer alternative to stenting, with 

ongoing trials like the BASIS trial (Balloon 

Angioplasty for Symptomatic Intracranial Artery 

Stenosis) evaluating its efficacy and safety.
(17)

 

Next-generation clinical trials are being 

meticulously designed to address the 

complexities and controversies in ICAD 

management: 

● Future trials will increasingly focus on 

hemodynamically compromised patients, as 

these individuals are most likely to benefit from 

revascularization strategies.
(67)

 

● Consideration of specific high-risk subgroups, 

such as those with posterior circulation 

involvement or lesions in perforator-rich vessels 

(e.g., basilar artery, MCA), is crucial for 

tailoring interventions and mitigating 

periprocedural risks.
(34)

 

● Determining the optimal timing of intervention 

is a key research question, balancing the high 

risk of early stroke recurrence with the increased 

periprocedural risks associated with acute-phase 

interventions.
(25)

 

● Trials will also emphasize long-term follow-up 

(beyond 3 months), as a significant proportion of 

recurrent strokes occur in this later period
.(55)

 

● New studies are investigating novel 

antithrombotic combinations, such as low-dose 

rivaroxaban plus aspirin, to further reduce stroke 

risk in high-risk ICAD patients, as exemplified 

by the CATIS-ICAD study.
(69)
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The future of ICAD management hinges on a 

multi-pronged approach: refining patient 

selection through advanced diagnostic tools, 

developing safer and more effective 

interventional devices, and conducting rigorously 

designed clinical trials that precisely address the 

nuances of ICAD pathophysiology and patient 

heterogeneity. These concerted efforts are 

expected to pave the way for truly personalized 

and proactive stroke prevention strategies, 

ultimately improving the lives of individuals 

affected by this challenging disease. 
 

Conclusions 

Intracranial atherosclerotic disease (ICAD) 

remains a formidable cause of ischemic stroke 

worldwide, disproportionately affecting Asian, 

Hispanic, and African populations. Its insidious 

nature, often presenting with a major stroke 

without prior warning, underscores a critical 

diagnostic gap that necessitates more proactive 

screening strategies and advanced non-invasive 

imaging. The understanding of ICAD as a 

systemic, chronic inflammatory process, 

intricately linked to metabolic syndrome and 

other cardiovascular risk factors, emphasizes the 

imperative for holistic, multi-factorial aggressive 

medical management (AMM). AMM, 

encompassing stringent blood pressure and lipid 

control, diabetes management, and 

comprehensive lifestyle modifications, has 

significantly improved outcomes and is firmly 

established as the first-line therapy. 

Despite these advancements in medical therapy, 

the persistently high rates of stroke recurrence, 

particularly in patients with severe stenosis, 

highlight the limitations of current AMM alone. 

The historical trajectory of endovascular therapy 

for ICAD, marked by the initial promise of 

angioplasty and stenting, was significantly 

tempered by the adverse outcomes of landmark 

trials such as SAMMPRIS and VISSIT. These 

trials revealed substantial periprocedural risks, 

including perforator occlusion and reperfusion 

hemorrhage, which largely outweighed any 

potential benefits of stenting as a primary 

treatment. Consequently, the role of 

endovascular intervention has evolved to a more 

targeted approach. It is now primarily considered 

for specific high-risk scenarios, such as acute 

large vessel occlusion due to ICAD (where 

rescue stenting may be necessary due to high 

reocclusion rates post-thrombectomy), and for 

carefully selected patients who continue to 

experience recurrent ischemic events despite 

optimal medical therapy. 

The ongoing challenges in ICAD management—

including the need for improved diagnostic tools 

to identify vulnerable plaques and hemodynamic 

compromise, the optimization of intervention 

timing, and the reduction of periprocedural 

complications and restenosis—are actively being 

addressed through innovative research. Future 

directions are centered on personalized medicine, 

leveraging advanced imaging techniques and 

novel biomarkers to enhance patient 

stratification. The development of next-

generation devices, such as drug-eluting balloons 

and refined stent designs, coupled with 

rigorously designed randomized controlled trials 

focusing on specific high-risk subgroups, are 

crucial for advancing the field. These concerted 

efforts are essential to refine treatment protocols, 

improve safety profiles, and ultimately provide 

more effective and tailored stroke prevention 

strategies for individuals living with ICAD. 
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