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Access to Intra-Arterial Therapies for Acute
Ischemic Stroke: An Analysis of the US

Population

Shuichi Suzuki, Jeffrey L. Saver, Phillip Scott, Reza Jahan, Gary Duckwiler, Sidney Starkman,
Yafang Su, and Chelsea S. Kidwell

BACKGROUND AND PURPOSE: Intra-arterial therapies for ischemic stroke offer promise as
a means to extend the time window for acute treatment. The purpose of this study was to identify
the percentage of the US population with potential access to interventional neuroradiologic
expertise within 6 hours of the onset of stroke symptoms.

METHODS: Hospital locations of interventional neuroradiologists were identified from the
2002 roster of the American Society of Interventional and Therapeutic Neuroradiology. Data for
populations in surrounding regions were extracted from US Census 2001 data by zip code.
Standard transport speeds for emergency medical services were used in our estimates of the
population living within a 5-hour transport time, which was a 6-hour treatment window less a
1-hour door-to-needle time, resulting in a 200-mile radius. A 2-hour transport time, or 3-hour
treatment window, reflected a 65-mile radius.

RESULTS: A total of 385 interventional neuroradiologists were identified, practicing in 45
states. With a 200-mile radius, 99% of the total US population had access to neurointerven-
tional treatment within 6 hours of symptom onset. With a 65-mile radius, 82% of the population
had access within 3 hours of symptom onset. Alaska and the Mid-Northwest region covering
Idaho, Wyoming, North Dakota, and South Dakota had limited coverage.

CONCLUSION: Most of the US population has access to interventional neuroradiologic
expertise for acute stroke therapy. These data suggest that interventional therapies that extend
the time window for treating acute ischemic stroke could have a major effect on public health
and merit further research development and investment.

Therapeutic strategies to reverse or minimize the
effects of acute ischemic stroke are generally de-
signed to salvage tissue in the ischemic penumbral
region. The most effective therapies demonstrated in
animal models and now in patients are recanalization
approaches intended to restore blood flow to the
penumbral region (1–4). Experimental animal mod-
els have shown that the penumbral zone can be sal-
vaged if prompt reperfusion occurs within 3–4 hours
(5, 6). However, in humans, findings from positron

emission tomography (PET), single photon emission
CT (SPECT), and multimodal MR imaging have sug-
gested that the time window for beneficial recanali-
zation therapies may be longer, frequently up to 6
hours, and sometimes as long as 12–24 hours from
symptom onset in selected patients (7–9).

The US Food and Drug Administration’s approval
of intravenous tissue plasminogen activator (t-PA) in
1996 as the first drug therapy indicated for acute
ischemic stroke was a landmark event, changing the
course of stroke treatment throughout the US and
other parts of the world. The National Institute of
Neurologic Disorders and Stroke (NINDS) t-PA tri-
als showed that intravenous thrombolysis improves
functional outcome when administered within 3 hours
of symptom onset (1). However, only 1–3% of acute
stroke patients in the US currently receives this ther-
apy (10–12). Patient presentation beyond the narrow
3-hour therapeutic time window is the leading reason
for treatment disqualification and indicates an urgent
need to extend the time window for treatment beyond
3 hours. In addition, a substantial proportion of pa-

Received December 28, 2003; accepted after revision March 7,
2004.

From the Departments of Radiological Sciences (S. Suzuki, R.J.,
G.D.), Emergency Medicine (S. Starkman), and Academic Tech-
nology Service (Y.S.) and the Stroke Center (J.L.S., S. Starkman,
C.S.K.) University of California, Los Angeles, and the Department
of Emergency Medicine, University of Michigan, Ann Arbor (P.S.).

Address reprint requests to Shuichi Suzuki, MD, PhD, Division
of Interventional Neuroradiology, Department of Radiological Sci-
ences, UCLA School of Medicine, 10833 Le Conte Ave, room
B2-188 CHS, Los Angeles, CA 90095-1721.

© American Society of Neuroradiology

AJNR Am J Neuroradiol 25:1802–1806, November/December 2004

1802



tients presenting within 3 hours of onset have contra-
indications to systemic fibrinolysis (although not en-
dovascular recanalization therapies), such as current
anticoagulation or recent surgery. Additionally, six
phase III trials of intravenous thrombolytics adminis-
tered within 3–6 hours of symptom onset have failed
to show a definitive treatment benefit, suggesting the
need to explore alternative late recanalization ap-
proaches (12–17).

Endovascular interventions offer promise for the
treatment of acute ischemic stroke for patients pre-
senting within 3 hours in whom conventional intrave-
nous thrombolysis is contraindicated and for patients
presenting beyond the 3-hour window. The Prolyse in
Acute Cerebral Thromboembolism II (PROACT II)
large-scale, randomized clinical trial demonstrated a
beneficial effect of intra-arterial thrombolysis up to
6 hours after onset in 180 patients with occlusions
of the middle cerebral artery (2). The intra-arterial
approach has the advantages of delivering a high
concentration of drug directly to the clot (reducing
systemic exposure to the agent) and the opportu-
nity to carry out gentle mechanical disruption of
the clot by using the delivery catheter and guide-
wire (18). More recently, interest in the use of me-
chanical devices for acute stroke treatment has
grown. Such treatments include the use of clot-re-
trieval devices, lasers, and microsnare catheters; an-
gioplasty; waterjet thrombectomy; and sonography (3,
19). These approaches have the potential to lower
rates of hemorrhagic complications. A variety of com-
bined intravenous and endovascular approaches are
currently under investigation.

Although neurointerventional therapies for isch-
emic stroke offer promise as a means to extend the
time window available for acute treatment, their
widespread application may be constrained by the
limited availability of skilled neurointerventionalists
and sophisticated endovascular suites. Because neu-
rointerventional expertise has been steadily expand-
ing throughout the US, we sought to determine the
current proportion of the US population with poten-
tial access to interventional neuroradiologic expertise
within 6 hours of stroke symptom onset. For this, we
developed models using Geographic Information Sys-
tem (GIS) analysis that allows digital population data
to be combined with geographic information.

Methods
Interventional neuroradiologists and their affiliated US hos-

pital or institutional locations were identified from the 2002
roster of the American Society of Interventional and Thera-
peutic Neuroradiology (ASITN) and the society’s Web site
(available at www.asitn.org). If a member’s practice location
was unclearly specified in these listings, the information was
obtained by means of individual contact via e-mail or
telephone.

Several assumptions were made for the analyses. First, we
assumed that at least 1 hour is required after the patient’s
arrival at the hospital for initial assessment and the initiation of
interventional procedures before acute endovascular therapy is
begun (door-to-needle time) (20, 21). The remaining time
allowed for patient transport (onset-to-door time) is therefore

2 hours for therapies with a 3-hour treatment window or 5
hours for therapies with a 6-hour treatment window. Second,
we assumed that patients arriving by ground ambulance are
transported at EMS transport speeds of 50 mph, covering 20
miles in hour 1 (allowing for on-scene evaluation and loading
time) and 50 mph in subsequent hours. We assumed that
patients arriving by air ambulance patients are transported at
EMS air-medical transport speeds of 130 mph, covering 50
miles during the hour of pick-up and 130 mph in full travel
hours (21, 22).

For land-ambulance transport, one-way transport times
were modeled as follows: Ambulances are generally dispatched
from locations near the patient. The estimated land-ambulance
transport distance of 20 miles in the first 60 minutes includes
time for dispatching the ambulance and for on-site evaluation.
Accordingly, in this model, ground transport times of 1, 2, 3, 4,
and 5 hours correspond to land transport distances of 40, 65,
115, 165, and 200 miles, respectively (21).

Because helicopters are generally dispatched from the ter-
tiary hospital or central heliport to the field or primary facilities
to retrieve patients, round-trip transport times were included in
our air transport analyses. Although helicopters can fly a direct
route at about 120–130 mph, (23–25) this advantage is atten-
uated by the need to travel long distances to the pick-up site, to
find an appropriate landing site, to obtain authorization for
lift-off and landing, to complete mechanical preparations, and
to account for greater vulnerability to inclement weather (21,
26). By including the round-trip time, transport times and
distances therefore became identical for helicopter versus am-
bulance group transport.

Population data for the regions surrounding each interven-
tional neuroradiologist’s target hospital was extracted from US
Census 2001 data by zip code for all 50 states. The zip code-
based population data provided small, subdivided area infor-
mation compared with the broader county-based data. These
data permitted more precise, radial estimates of the population
in the surrounding area of individual hospitals. GIS software
(ArcGIS) developed by the Environmental System Research
Institute (Redland, CA) was used to perform the zip code–
based population analyses. The facility addresses of the neu-
rointerventional radiologists, along with ArcGIS Street Map
U.S.A. (Environmental System Research Institute, Redland,
CA), were used to pinpoint the location of facilities on a
standard US map. Circular boundaries with 65- and 200-mile
radii surrounding the center facilities were overlaid on the
facility location map for buffering. A US zip code polygon map
was superimposed to the location map, and the area of each zip
code polygon within each buffering zone was calculated. Using
the code based population, we calculated the population resid-
ing in each zip code polygon within the buffering zone on the
basis of the proportion of the coverage area by buffering zone.

State-by-state analysis was performed to compare the num-
ber of interventional neuroradiologists, the number of hospitals
capable of performing neuroendovascular procedures, and the
population per hospital or interventional neuroradiologist.
States were divided into two groups by the number of inter-
ventional neuroradiologists: �10 and �10. The two groups
were compared in terms of population, population per neuro-
radiologists, and population per capable institute. The Student
t test was used for statistical analysis.

For analyses of access to care by age subgroup, county-level
Census 2000 age-group population data provided by the Envi-
ronmental System Research Institute were used in a similar
GIS analysis. Subgroups were stratified by age: 20–44, 45–64,
and �65 years.

Results
A total of 385 interventional neuroradiologists

were identified in the US, practicing in 238 hospitals
covering 45 states. Five states did not have an inter-
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ventional neuroradiologist; however, a portion of the
population in three of these states had access to those
in neighboring states. Table 1 shows the percentage of
the US population residing in the accessible area
surrounding each neurointerventionalist’s primary
hospital. With a 200-mile radius (6-hour treatment
window), 99% of the total US population (282 million
people) has access to an interventional neuroradiolo-
gist for treatment within 6 hours of the onset of stroke
symptoms (Fig). With a 65-mile radius (6-hour treat-
ment window), 82% of the US population (236 mil-
lion people) has access to possible interventional
treatment within 3 hours of symptom onset. Within
the 20-mile radius (2-hour treatment window), 54%
of the population (153 million people) has access to
possible interventional treatment.

As illustrated in Figure 1, potential endovascular
access coverage includes the preponderance of the
continental US, with extensive coverage of high-pop-
ulation urban areas. In addition to Alaska, the Mid-
Northwest region of Montana, Idaho, Wyoming,
North Dakota, and South Dakota had limited cover-
age. Although Delaware and West Virginia did not
have an interventional neuroradiologist listed on the
ASITN roster, these areas were well covered because
of their proximity to neurointerventional centers in
neighboring states. State-by-state analysis revealed
that California, New York, Florida, and Texas have
the greatest number of interventional neuroradiolo-
gists (44, 32, 23, and 22 respectively), as well as the
greatest number of hospitals or facilities capable of
neurointerventional procedures (25, 18, 15, and 14,
respectively). In 16 states, 10 or more interventional

neuroradiologists are practicing. In 29 states, �10
interventional neuroradiologists practice (and five
states have no interventional neuroradiologist). The
statewide population was substantially larger in states
with �10 interventional neuroradiologists than states
with �10 (Table 2). However, the population per
interventional neuroradiologists and per capable in-
stitute did not differ. Age-subgroup analysis demon-
strated no difference in access by age, indicating
widespread access to intra-arterial therapy in the
stroke-prone population 65 years or older (Table 3).

Discussion
Neurointerventional endovascular therapies offer

increasing promise for the treatment of acute isch-
emic stroke (2, 3, 18, 27). The PROACT II trial
demonstrated that intra-arterial thrombolysis com-
mencing as long as 6 hours after the onset of stroke
symptom is associated with higher recanalization
rates and better clinical outcomes (2). Numerous me-
chanical devices are currently undergoing investiga-
tion, as are intravenous and intra-arterial combina-
tion strategies. These approaches offer a means to
extend the time window for acute therapies to 6 hours
or longer and to improve the efficacy and benefits of
recanalization therapy for stroke. However, the po-
tential benefit of neuroendovascular therapies can be
realized only if patients have access to the required
facilities and neurointerventionalist expertise.

Our findings suggest that 99% of the US popula-
tion has access to interventional neuroradiologic ex-
pertise for acute stroke therapy that is initiated within
6 hours of symptom onset. Moreover, more than four
of five Americans currently have access to neuroin-
terventional expertise for treatments within a 3-hour
window. Compared with previous observations, (22),
this finding represents a substantial increase in the
proportion of the US population with access to acute
neuroendovascular interventions between 1994 and
2002, with a change from 62% to 82% in the 3-hour
window and 96% to 99% in the 6-hour window. This
increase reflects the continued growth of interven-
tional neuroradiology as a specialty, as neuroendovas-
cular treatments for cerebrovascular disease continue
to advance.

Delivering acute neuroendovascular care to stroke
patients within the geographic distributions we ana-
lyzed requires substantial changes in the current
systems for prehospital stroke care and for interhos-
pital transfers of these patients. To transport large
numbers of patients to neuroendovascular centers in
clinical practice, comprehensive stroke centers with
neurointerventional expertise must be formally des-
ignated, and EMS personnel must be able to accu-
rately diagnose stroke and then divert patients to the
stroke centers. Fortunately, progress is being made in
both of these areas.

Designated stroke-center systems have been imple-
mented in Canada and Germany, with dramatic im-
provements in the proportion of acute stroke patients
treated with effective interventions (28, 29). In the

TABLE 1: Percentage of the population with access to endovascular
treatment in 3- and 6-hour treatment windows

Treatment
Window (h)

Transport
Time (h)

Distance
(mi) Population

3 2 65 82%
6 5 200 99%

FIG 1. US map displays geographic zones in which population
dwells within 2-hour (pink) or 5-hour (blue) transport time to a
hospital with acute interventional neuroradiologic services (red
dots)
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US, leading organizations involved in the case of
acute stroke, including the American College of
Emergency Physicians, the American Academy of
Neurology, the ASITN, the American Heart Associ-
ation, the National Stroke Association and the Brain
Attack Coalition (30) have endorsed the designation
of stroke centers. Most neurologists, neurosurgeons,
and emergency physicians also support this approach
(31). A demonstration project for designated stroke
centers in Houston has proved the feasibility, effec-
tiveness, and desirability of establishing such systems
in the US (25, 28).

Prehospital stroke recognition instruments are rou-
tinely used in most EMS systems in the US (32, 33).
High accuracy rates in the paramedic diversion of
patients to designated stroke centers when these in-
struments are used supports the feasibility of divert-
ing stroke patients to comprehensive stroke centers
with neurointerventional capability (28, 34).

Our findings have important implications on future
stroke care. At a research level, our data support
further investment in and the development of endo-
vascular approaches in acute stroke therapy. At a
systems and organizational level, our findings suggest
the need for a coordinated EMS response for stroke
patients. We found that interventional neuroradiolo-
gists are unevenly distributed geographically in the
US, with about one-third found in California, New
York, Florida, and Texas. We found substantial over-
laps in the service areas surrounding urban and sub-
urban hospitals with interventional neuroradiologists,
especially in states on the East Coast. On the other
hand, rural regions of Mid-Northwest states have lim-
ited availability of interventional neuroradiologists.
This geographic distribution suggests that, in metro-
politan areas, a prehospital ground-transport system
could be used to adequately transport patients to
designated endovascular stroke centers, whereas in
rural areas, a helicopter-based transport system may
be necessary (25). A rendezvous system combining

ground-ambulance and helicopter transport can effi-
ciently increase the speed of air transport (23). In
addition, coordinated EMS efforts across county and
state borders may be necessary to provide optimal
access to neuroendovascular care for populations liv-
ing in areas with widely separated interventionalists.

There are several limitations to our study. Our
analyses assumed standard ground and air speeds for
transport times across the country. However, in real-
ity, there is some variation in these times related to a
variety of factors, including rural versus urban set-
tings. In addition, our model likely underestimated
the proportion of the population with access to neu-
rointerventional expertise because of its sole reliance
on the ASITN roster to identify physicians trained in
neuroendovascular procedures. An increasing num-
ber of neurosurgeons and neurologists are receiving
neuroendovascular training, and a large group of gen-
eral interventional radiologists may be available to
provide endovascular therapy for acute stroke. These
subspecialty groups were not fully represented in the
current analysis, which therefore might have under-
estimated the availability of acute stroke endovascu-
lar therapy. Conversely, the presence of a single phy-
sician trained in endovascular neuroradiology at one
site should not suggest that 24-hour coverage is avail-
able; such an assumption would lead to overestima-
tion of service availability.

In addition, our model might have overestimated
access by assuming that only 1 hour is required for
patient examination, brain imaging, and diagnostic
angiography between the patient’s arrival at the
emergency department and the start of intra-arterial
therapy. Data from intravenous t-PA studies have
suggested that this goal for door-to-needle time is
often difficult to achieve in clinical practice (30).
Also, we assumed that all hospitals with an interven-
tional neuroradiologists had the capability (stroke
units, neurologic expertise, etc) to provide appropri-
ate periprocedural stroke care for patients treated
with intra-arterial therapy; this might not have been
the case in all institutions.

Conclusion
Our findings suggest that most of the US popula-

tion has access to neurointerventional expertise
within a 6-hour window for the treatment of acute
ischemic stroke. Interventional therapies that extend
the time window for the treatment of acute ischemic

TABLE 2: Comparison of states with high and low numbers of interventional neuroradiologists

No. of Interventional Neuroradiologist

P Value�10 �10

No. of states 16 29
Population* 11,616,000 � 7,738,000 2,730,550 � 1,991,000 �.001
Population per interventional neuroradiologist 662,000 � 166,000 837,000 � 413,000 .05
Population per institute 1,164,000 � 312,000 1,121,000 � 461,000 .7

Note.—Data are the mean � standard deviation unless otherwise specified.
* Population is significantly greater in the group of states where �10 or more interventional neuroradiologists practice than the group of states

where �10 practice (P � .001, Student t test).

TABLE 3: Proportion of population in age subgroups with access to
intra-arterial treatments in the 3- and 6-hour treatment windows

Treatment
Window

(h)

Age Subgroup
All Adults
�18 Years20–44 Years 45–64 Years �65 Years

3 82% 81% 80% 81%
6 99% 99% 99% 99%
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stroke could therefore have a major effect on public
health and merit further research development and
investment. Geographic analysis of the distribution of
neuroendovascular centers may be used in the future
to organize and optimize stroke-care delivery systems.
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