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United States Workforce Status

NOT World workforce

• 800 practicing 

Neurointerventionists in the US 

in 2012



Number of people training/year (2012)

• 80-100 new fellows graduating each year

 From ~83 Active US Fellowship 

Programs

–Some with >2 per year

• More programs every year



Number of people training/year (2012)

• 80-100 new fellows graduating each year

 Most "senior” NIs are <10 years into 

their career

 No appreciable attrition rate to 

retirement



Point of Reference

• 100 Neurosurgery programs graduate 

about 160 new Neurosurgeons per year

 Much more prevalent and varied 

diseases treated

 Older age of practicing physicians 



US AIS Treatment

9 –12K 2014

Growth to 

what 

number??



Stroke Cases per NI

• 9 – 12K

• 12K Stroke Cases/800 MD/yr

 15/NI/year

•~1 every month
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Geographic Coverage: 2011

• 95% of the US population lives within 

50 miles of an interventional CV center 

w 24/7 coverage

Zaidat et al., Neurology 2012



2006–2011, there was a mean of 

258,106 STEMIs presenting to EDs 

per year

Number of PCI centers in US 1975

140 STEMI per PCI center per year 



2013

Zaidat et al 2012

PCI Centers vs Stroke centers





Endovascular Treatment Population

87% of Strokes 

are Ischemic

Large Vessel Stroke

275,880

US Total Stroke

834,400

Ischemic Stroke

726,000
38% of Ischemic 

Strokes are Large 

Vessel Occlusions 

(LVOs) (28-46%)

Total Stroke: 

Ischemic and 

Hemorrhagic 

Patients Treated with 

Mechanical Device

9,000
Devices Used

11,700 1.3 devices used / patient

Improved stroke networks, 

logistics, public awareness, 

positive level 1 data & more 

effective 

endovascular device options 

will increase # of patients 

treated

Only 3% pts. treated

Untreated LVO 

strokes typically 

result in 

moderate to severe 

symptoms





1157 patients were discharged from the 

hospital’s PSA, of whom 129 (11.1%, 95% CI 

9.5%

to 13.1%) had an LVO. This translated into an 

LVO incidence of 24 per 100 000 people per year 

(95% CI 20 to 28). 

These rates yield 77 569 (95% CI 65 835 to 91 

091) new LVOs per year in the USA. An 

estimated 10 284 mechanical thrombectomy

procedures were performed in 2015.



Unclear number of LVOs

• 700-750K strokes per year

 14% bleeds

 4% TIAs

 1% Late effects of CV disease

• 645K ischemic strokes

 ~20% NIHSS > 10

Cloft et al., AJNR 2009



Unclear number of LVOs

• 126K Potential IAT Cases

 Imaging exclusion 

• Completed stroke

• Out of “window”

 No LVO

 IV tPA successes

Cloft et al., AJNR 2009



LVO Aneurysm

s

AVM

800 NIs

100,000 LVO ~ 125/per NI/year

30,000 aneurysms ~ 38/NI/year

3,000 AVMs ~ 4/NI/year

1600 NIs

100,000 LVO ~ 62/per NI/year

30,000 aneurysms ~ 19/NI/year

3,000 AVMs ~ 2/NI/year

This is where we are heading….

We will double in 5 years



On one hand there is clear 
association of improved 
outcomes with increased 

volume 



• Ischemic Stroke Outcomes at High 

Volume Hospitals vs. Low Volume 

Hospitals

 Lower 7-day mortality

 Lower discharge mortality

Saposnik et al., Neurology 2007



• High Volume Hospitals

 Shorter times from CT to groin puncture

 Shorter procedure times

 More likely to have good outcomes

 More likely to achieve successful reperfusion

JNIS 2012



On the other hand there is 
clear decline in outcomes with 

delayed revascularization



J Neurosurg - April 8, 2015



• We analyzed United States Nation-wide in 

patient Data sample 2008-2010

• NIS contains data from approximately 1,000 

hospitals sampled to approximate a 20% 

stratified sample of U.S. community 

hospitals 

• We compared the outcome of patients who 

had mechanical thrombectomy performed as 

a direct admission or after being referred 

from another hospital



• Our study showed that the cost incurred by a 

hospital for acute stroke intervention is significantly 

higher for a transferred patient than for a direct 

admission. 

• The frequency of worse discharge disposition was 

significantly higher among transferred patients 

compared with direct admissions. 

• Future strategies should focus on the means and 

ways of transporting the patient appropriately and 

directly to a comprehensive stroke center.



Time is Brain
Meaning What??

Within 2 hours:
-Recovery rate is 90% !!

After 6 hours: 
-Recovery rate is 20-30% !!!!

In each minute we lose:

-1.9 million neurons, 

-14 billion synapses (connections)

-12 km (7.5 miles) of nerve fibers

New Data: Subgroup analysis of 2015 trials

If we can reopen a blocked brain artery ...











Source:  Stroke, January 2004; J. P. Broderick, MD



Worldwide Mortality Impact

Ischemic Heart 

Disease



Preamble

• We don’t know the numbers 90,000-300,000

• Without question the number is going to be 

far greater than intracranial aneurysms, 

AVMs and AVFs combined

• Perhaps we need to be proactive about a 

palatable solution which allows us to 

preserve the expertise required to treat 

hemorrhagic disease while delivering 24/7 

emergent care for acute ischemic stroke as 

close to the patient as is reasonable????



Challenges of Acute Stroke Intervention

• Complex 3D anatomy

• Appreciation of unique end organ physiology

• Subtleties which are hard to convey

• Litigation

• Increasing expectations of societies

• Public/Payer focus on cost reduction and pay for 
performance



NI Societies

• CAST (Committee on Advanced Subspeciality

Training) – Responsible for certifying 

subspeciality fellowship training programs for 

Society of Neurological Surgery (SNS)

 21 programs in US in Neuroendovascular

Surgery

• NESAC (Neuroendovascular Surgery Advisory 

Council) – Neurosurgeons, Neurologists, Neuro-

radiologists, 9 members + chair



Program & Individual requirements 

for Accreditation & Certification 

through CAST for Fellowship in 

Neuroendovascular Surgery
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CAST NES certification:
NES Advisory Council (NESAC)

1.  Agreement to represent all neurologic specialties

and neuroendovascular surgery organizations to certify 

programs and individuals in NES

2.  Jointly develop and publish training and

certification guidelines

3. NES written exam (currently ABNS)

4.  Practice review

5.  Leapfrog interactions
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See related article, p 2042

Vascular neurologists (VNs) now have 2 powerful tools to 

improve outcomes after stroke, intravenous tissue-type 

plasminogen activator (r-tPA) and endovascular thrombectomy 

(ET). Among the many common aspects of both treatments, the 

fastest possible intervention after stroke onset emerges to be 

paramount.1–3 With r-tPA, it has taken 20 years from approval 

to be accepted, the subspecialty of VN to be born and trained, 

and systems of care implemented to speed treatment by improv-

ing Emergency Department and pre-hospital management. In 

contrast, ET based on the 5 positive landmark randomized trials 

reported in the past 2 years4–8 has been accepted much more 

abruptly. Yet, the same sort of changes in streamlining systems 

of care and training and distribution of VN expertise are as 

necessary for ET as they were for r-tPA to deliver ET as rap-

idly as possible. The abruptness of this ET revolution, and the 

redirection of care and resources required, have found the VN 

community unprepared. Dramatic changes in VN training and 

distribution are necessary to accommodate the fastest possible 

ET intervention. Our 3-fold premise to be explored below is 

that (1) treatment of ET candidates is multifaceted and opti-

mally should include the expertise of a VN, (2) the VN commu-

nity needs to rethink and retool its workforce to accommodate 

the most rapid and widespread ET treatment possible, and (3) 

this should by necessity include training and more widely dis-

tributing substantially more VNs to carry out ET.

The authors acknowledge that what we propose as a 

Comment and Opinion diverges from the current standard 

management, which is to concentrate ET expertise into a few 

hands at Comprehensive Stroke Centers (CSCs) and have the 

patient brought to Mecca. Initially, the same model was pro-

posed for r-tPA, but the top 3 enrolling sites in the National 

Institute of Neurological Disorders and Stroke (NINDS) r-tPA 

for Acute Stroke trial used the commando approach where the 

stroke teams were physically deployed from the stroke team 

hub to enroll and treat patients at community hospitals. Using 

this approach, 50% were treated within the first 90 minutes 

from the time last seen normal. Gradually it became clear that 

faster patient care to provide r-tPA administration could be 

best served not only at CSCs but also closer to the patient at 

primary and stroke-ready hospitals. This multilevel stroke cen-

ter concept has been accompanied by efforts to shortcut unnec-

essary ED delays, distribute expertise more widely by training 

more VN and leveraging remote expertise via telemedicine, 

and more recently speed treatment even more dramatically by 

using Mobile Stroke Units. The impact of these measures has 

been and continues to be evaluated through registries and com-

parative effectiveness studies.9,10 For ET, we propose a similar 

model, except to do it more quickly rather than waiting 20 years.

We suggest that optimal employment of ET in the US requires 

training and more widely distributing a contingent of a new VN 

interventionist able to carry out r-tPA, ET, and other aspects of 

pre- and post-acute management. This is not meant to exclude 

training and participation of our neurosurgical and neuroradiol-

ogy colleagues in ET. We support the collaborative efforts of all 

these specialties to develop common training, guidelines, and 

research efforts. Furthermore, a wider distribution of ET exper-

tise by neurosurgeons and neuroradiologists outside of the CSC 

Mecca would be welcome and hopefully will be encouraged by 

the leadership of those specialties. As senior VNs, however, we 

hope to awaken our own specialty to what we feel is needed to 

provide the best care for our patients with acute stroke. For the 

reasons we will outline, we believe that optimal ET manage-

ment in the future will benefit from more VN training in ET.

Once the measures we outline below are implemented, 

registries and comparative effectiveness studies should com-

pare outcomes—including number of patients treated, percent 

recovering, costs, and patient satisfaction—to the current 

model of centralized care.

Optimal Management of Patients With Stroke 
Involves More Than ET and Benefits From the 

Expertise of VNs
The results of 9 randomized trials including almost 7000 

patients1 confirm the initial findings of the NINDS study despite 

lingering doubts among a small cadre of vocal non-VN physi-

cians.11 r-tPA is effective across all stroke subtypes and sever-

ity, regardless of patient age and other demographics. Treatment 

response is determined mainly by how fast the drug is given after 

symptom onset. The vast majority of patients with AIS present 

Rethinking Training and Distribution of Vascular Neurology 
Interventionists in the Era of Thrombectomy
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The term famine refers to an acute period of widespread 

death resulting from starvation. The traditional thinking is 

that this occurs because of shortage of food. However, in Poverty 

and Famines: An Essay on Entitlement and Deprivation, Nobel 

Laureate Amartya Sen argues that, when examining starva-

tion and famines, individuals’ ability to acquire food (what 

he calls entitlement) is a distinct and equally important con-

tributor to hunger.1 This claim underpins his criticisms of the 

Food Availability Decline view of famines, which attempts 

to explain famines in supply terms only. Sen’s original study 

examined the 1943 famine in Bengal, which resulted in the 

deaths of >3 million persons. The findings of the contempo-

raneous Famine Inquiry Commission attributed this famine to 

a major shortage of rice. After reevaluating the available data, 

however, Sen concluded that the overall quantity of rice in 

Bengal was not exceptionally low, even surpassing the supply 

of previous years. This famine demonstrates that people’s abil-

ity to acquire food is dominantly related to distribution rather 

than the absolute total amount of food available in a region.

With recent advances in acute ischemic stroke treatment 

leading to endovascular treatment becoming the standard of 

care,2 there has been much discussion on shortages of availabil-

ity of this treatment. Similar to Sen, we need to have a better 

understanding of the underpinnings of this perceived short-

age to develop relevant and long-term solutions to the prob-

lem. One could naively assume that increasing the number of 

neurointerventionalists or the number of biplane angiography 

suites would solve the problem. This may be far from the truth. 

It is possible, even probable, that the current perceived short-

age may be principally a problem of distribution rather than 

an issue of overall availability of angiography equipment or 

trained personnel. If this is true, a sudden increase in training 

more neurointerventionalists or putting in more biplane angi-

ography suites (without properly understanding the underlying 

causes) has the potential to worsen stroke outcomes. Why?

First, urbanization is occurring at a greater pace globally. 

There has been a desire to live in big cities, as reflected by an 

increase in urban/suburban populations and a decrease in rural 

populations. In a given city, given the intensity of providing 

stroke on-call services, a critical mass—a team—of trained per-

sonnel is needed in each hospital providing stroke services. No 

one wants to be the first and only one providing a 24/7 service in 

a given hospital. The expense or business case around a biplane 

angiography suite (and a commensurate trained technical and 

nursing staff, requiring creation of a 24/7 schedule) is easier to 

justify when there are other institutional needs that are similar 

(Interventional Radiology; Interventional Cardiology). Finally, 

there are preexisting artificial geographical/political boundaries 

that affect flow of patients. These are not always patient cen-

tric; they can be based on historical referral patterns, insurance, 

tradition, funding of the ambulance system, and competition 

between centers. Thus, a neurointerventional program can only 

form in a large city with adequate population to sustain it, but its 

viability will be affected by multiple other factors.

Second, the success of the neurointerventional stroke 

program is dependent on the overall stroke system of care. 

Mathematical modeling of field triage and transport systems 

for patients eligible for interventional treatment suggests that 

various workflow factors influence the 90-day outcome.3 A 

short door-to-needle time (30 minutes median) is a pre-req-

uisite for a drip-and-ship model of care for most transport 

scenarios. Longer times favor a direct-to-comprehensive 

center strategy. Raising the success for complete reperfusion 

(Modified Treatment in Cerebral Ischemia score 2b/3) to 90% 

tilts the favored strategy toward a direct transport to a com-

prehensive stroke centre (CSC) with endovascular capabili-

ties, bypassing the primary stroke center (PSC). Currently, the 

bar for accreditation of stroke centers in thrombolysis, which 

is set at a target median 60 minutes door-to-needle time, is 

too low.4 Current efforts to improve training, technique, and 

technology for endovascular treatment may evolve faster than 

the efficiency of alteplase (tissue-type plasminogen activator) 
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Definition

• Acute Ischemic Stroke Intervention (AISI) is a 

subspecialty that uses pharmacologic and 

minimally invasive catheter-based technology, 

radiological imaging, and clinical expertise to 

diagnose and treat Acute Ischemic Stroke. The 

unique clinical and invasive nature of this 

subspecialty requires special training and skills. 



Institutions

• Programs for advanced training in AISI must exist 

within an advanced NES training center.



Specialty Curriculum- Prerequisite

• Qualifying prerequisite: 100 diagnostic cerebral 

angiograms

• Qualifying prerequisite: 20 carotid / vertebral stents



Specialty Curriculum- Specialty pathway

• Any applicants interested in pursuing AISI 

intervention must have completed prior clinical 

residency training to be Board Certified or Board 

eligible in any of the following fields

 Neurosurgery, Neurology, Radiology, Cardiology, 

Surgery 



AISI Fellowship Training

• Fellowship training in AISI should consist of 

a period of 12 continuous dedicated months 

during which the trainee has the opportunity 

to perform a large number of diagnostic 

cerebral angiograms and administer 

pharmacologic and endovascular therapies 

for acute ischemic stroke. 



AISI Fellowship Training

• Basic arterial and venous angiographic anatomy of the brain, 

spinal cord, head, neck and spine including collateral 

anastomoses, anatomic variants and modifications induced by 

disease processes.  

• Cerebral and spinal blood flow and its physiology.

• Pharmacologic agents

 Contrast materials 

 Sedatives and anesthetics

 Analgesics

 Thrombolytics

 Antiplatelet agents

 Antithrombotics

 Vasoactive agents including vasopressors and vasodilators



AISI Fellowship Training

• The technical aspects of AISI including:

 Arterial and venous access techniques

 Catheter systems, nomenclature, and selection

 Treatment of acute cerebral ischemia

 Complications of endovascular AIS procedures 

and their management

 Extra and Intracranial revascularization for 

atherosclerotic disease or dissection encountered 

during AISI

 Administration of intravenous thrombolytic 

therapy



AISI Fellowship Training

 Periprocedural follow-up

 Patient evaluation and decision making

 Neurointensive Care

 Long-term follow-up



AISI Fellowship Training

Core Competency Requirements

• A minimum of 100 ‘interventional’ 

procedures as primary operator



Advanced NES Fellowship Training

Core Competency Requirements

• 25 extracranial stent placements

• 30 acute ischemic stroke treatments

• 10 intracranial infusions (e.g. vasospasm, stroke)

• If a candidate is unable to complete the required 100 

interventions during the 12 months, there training 

must be extended to accomplish this requirement 

(Opportunity for collaboration between different 

institutions to accommodate these requirements). 



Conclusion

• We don’t know the numbers 90,000-300,000

• Without question the number is going to be 

far greater than intracranial aneurysms, 

AVMs and AVFs combined

• Perhaps we need to be proactive about a 

palatable solution which allows us to 

preserve the expertise required to treat 

hemorrhagic disease while delivering 24/7 

emergent care for acute ischemic stroke as 

close to the patient as is reasonable????



LVO-AIS

Aneurysm

s

AVM

800 NIs

100,000 LVO ~ 125/per NI/year

30,000 aneurysms ~ 38/NI/year

3,000 AVMs ~ 4/NI/year

1600 NIs

100,000 LVO ~ 62/per NI/year

30,000 aneurysms ~ 19/NI/year

3,000 AVMs ~ 2/NI/year

This is where we are heading….

We will double in 5 years



Future

• Multidisciplinary Teams to allow coordinated 

care for acute ischemic stroke as close to 

patient mirroring STEMI care without 

abolishing expertise for hemorrhagic stroke

 Neurosurgeon

 Neurologist

 Neuroradiologist

 Cardiologist/vascular 

surgeon/interventional radiologist?



Thank you!

Questions?


