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SUMMARY: Intra-arterial therapy is currently applicable to a small subset of patients with ischemic
stroke, but it will likely have an expanding role as new devices are introduced. This review evaluates
the demand for such therapy and the physician work force available to provide such therapy in the
United States. The available literature was reviewed to assess how many patients might need
intra-arterial therapy annually and how many skilled neurointerventionalists are available to provide
intra-arterial therapy for acute stroke. The number of acute ischemic strokes in the United States that
will be amenable to intra-arterial therapy can only be crudely estimated, but it is certainly less than
126,000 per year and will quite likely be no more than 20,000 cases per year. The future demand for
intra-arterial reperfusion techniques may change, but the number of patients who require intra-arterial
thrombolysis is currently quite low. The overall number of neurointerventionists is currently adequate,
though there might be local shortages.

Ischemic stroke is a complex disease with many forms and
many corresponding treatments that must be tailored to the

patient. The consensus guidelines from the American Heart
Association and American Stroke Association regarding acute
ischemic stroke treatment mentions intra-arterial therapy as
one of many tools in the armamentarium of ischemic stroke
therapies.1 Intra-arterial therapy is currently applicable to a
small subset of patients with ischemic stroke, but it will likely
have an expanding role as new devices are introduced. These
expanding applications of intra-arterial therapy for ischemic
stroke lead to speculation regarding the availability of a suffi-
cient number of operators to treat these patients in the United
States.2

To address this issue of demand and available work force
for intra-arterial ischemic stroke therapy, we must analyze the
number of patients with ischemic stroke who might need this
technique of treatment as well as the number of physicians
who might be needed to provide it. We have no direct way to
measure the number of ischemic strokes that might be ame-
nable to intra-arterial therapy in the near future. This is be-
cause there are 2 major limitations in the analysis: 1) a lack of
clear definition of which patients with ischemic stroke will be
candidates for intra-arterial therapy, and 2) a lack of epidemi-
ologic data to estimate how many patients are in various sub-
groups that might be deemed appropriate for intra-arterial
therapy. There are also challenges in estimating the number of
physicians who might be needed to provide intra-arterial isch-
emic stroke therapy in the United States. Despite these limita-
tions, some reasonable estimates on the basis of currently
available information can be made. The following is a review
of the available information that can be used to estimate both
a demand for intra-arterial ischemic stroke therapy and the
work force available to provide such therapy.

Who Needs Intra-Arterial Ischemic Stroke Therapy?
Intra-arterial therapy has been shown to be efficacious in
opening occluded arteries in some patients with severe isch-
emic stroke.3-6 However, far from all patients with ischemic
stroke are candidates for intra-arterial stroke therapy. Only
patients with occlusion of relatively large intracranial arteries
typically undergo recanalization intra-arterially. Potential
benefit of intra-arterial therapy must be balanced against po-
tential risk. The risks are not trivial, as intra-arterial therapy
has been associated with a 5% to 7% risk for clinically signifi-
cant procedural complications4,7 and a 6% to 15% risk for
symptomatic intracranial hemorrhage.4-9 For patients with
less severe stroke symptoms, the risks for intra-arterial therapy
almost certainly outweigh the benefits. Patients with a Na-
tional Institutes of Health Stroke Score (NIHSS) of less than 10
who are treated with intravenous recombinant tissue plasmin-
ogen activator (rtPA) have an 82% chance of a good outcome
(modified Rankin Scale, 0 –2), a 3% chance of symptomatic
hemorrhage, and a 1% chance of death.10 Such patients with
an NIHSS of less than 10 are quite unlikely to benefit from
intra-arterial therapy, as they typically have normal results on
cerebral angiograms or distal or recanalizing emboli.11-13 The
Interventional Management of Stroke (IMS) I8 and IMS II5

trials treated patients with NIHSS of 10 or more, and trials of
the Merci Retrieval System (Concentric Medical, Mountain
View, Calif) treated patients with NIHSS of 8 or more3,4,14 and
10 or more.15 Major stroke centers offering ischemic stroke
therapy tend to follow this practice of reserving intra-arterial
therapy for major strokes.16-23

Intra-arterial therapy has not yet been shown to be defini-
tively better than intravenous therapy in terms of neurologic
outcomes. Table 1 shows comparative data from major studies
completed thus far. In IMS I and IMS II, comparisons were
made between patients treated with combined intravenous
and intra-arterial therapy, and patients matched for age and
NIHSS from the National Institute of Neurological Disorders
and Stroke trial. These outcome data for patients treated with
intravenous placebo and intravenous rtPA are also included in
Table 1. The data in Table 1 indicate that much improvement
could be made in outcomes from ischemic stroke therapies.
More data are necessary to clearly define the role of intra-
arterial therapy techniques in ischemic stroke therapy.

IMS I and IMS II did not include enough patients to show
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a statistically significant benefit to intra-arterial therapy vs in-
travenous therapy, nor were they designed to do so. IMS III is
now underway and will randomly assign patients to receive
intravenous therapy or a combination of intravenous and in-
tra-arterial therapy, with the hope of demonstrating clear ev-
idence of benefit of intra-arterial therapy.24

According to data from major studies of intra-arterial ther-
apy, only 28% to 46% of patients treated achieve a good neu-
rologic outcome (Table 1). That means that 54% to 72% have
a bad outcome despite intra-arterial therapy, including 16% to
44% who are dead at 90 days (Table 1). Some proportion of the
reported low efficacy of these trials likely results from imper-
fect recanalization rates, ranging from 46% to 66%, but much
is undoubtedly because of infarctions that were already com-
pleted before the initiation of intra-arterial therapy. Many pa-
tients presenting less than 8 hours from symptom onset clearly
do not have salvageable brain because of poor collaterals.25 If
good, rapid imaging capable of identifying ischemic penum-
bra were available to determine salvageable brain tissue (such
as diffusion-weighted or perfusion-weighted MR imaging26-36

or CT perfusion37,38), intra-arterial interventions for ischemic
stroke could be reduced by perhaps half because it would be
possible to determine that infarction is complete before these
patients are moved to an interventional suite. This would be of
benefit to patients because it spares them futile, aggressive
interventions. This is currently a topic of intense research,
which hopefully will yield clinically useful triage techniques.
The Magnetic Resonance and Recanalization of Stroke Clots
Using Embolectomy study is a trial underway that may give
insight into the value of MR in triaging patients with ischemic
stroke.39

How Many Patients Will Need Intra-arterial Therapy?
It has been estimated that approximately 0.07%40 to 0.17%22

of all patients with ischemic stroke received intra-arterial ther-
apy in the United States from 1999 and 2002, which would
amount to only approximately 1100 patients. The Merci Re-
trieval System (Concentric Medical)3,4 and Penumbra System
(Penumbra, Alameda, Calif)41 were recently approved by the
US Food and Drug Administration for the treatment of isch-
emic stroke, and use of these devices may have increased the

number of patients treated with intra-arterial therapy. Thus,
1100 patients per year is the absolute minimal estimate of the
number of patients in the United States who would be treated
with intra-arterial therapy for ischemic stroke.

To estimate the other extreme, we can start with the overall
number of strokes per year in the United States, which is a
reasonably well-defined number of 700,000 to 750,000 strokes
per year.42-46 An important point of confusion in the literature
on acute ischemic stroke is the common, hyperbolic use of this
number. This statistic is inappropriate in discussions specifi-
cally focused on treatment of acute ischemic stroke because it
includes all types of stroke and all levels of severity and thus
leads to absurd leaps in logic and assumptions that all or most
of these strokes need recanalization therapy. Approximately
14% of these patients with stroke have intracranial hemor-
rhage, including subarachnoid hemorrhage; 4% have tran-
sient ischemic attack; and 1% have “late effects of cerebrovas-
cular disease.”45,46 Starting with 750,000 strokes per year and
subtracting 19% to correct for cases that are not due to acute
ischemia yields 645,000 ischemic strokes per year. This esti-
mate is supported by a recent study by Qureshi et al,47 which
determined that there were approximately 1,260,000 hospital
admissions for ischemic stroke in the United States in 2000
and 2001 (ie, 630,000 admissions for ischemic stroke per year).

Therefore, if we settle on an estimate of 645,000 ischemic
strokes per year, how many patients will need intra-arterial
therapy? Approximately 17% of ischemic strokes are from la-
cunar infarctions,48,49 which reduces the number of potential
intra-arterial therapy cases to 535,000. However, the nonlacu-
nar infarctions are not defined well enough to allow us to
determine what fraction of these might be amenable to endo-
vascular therapy. Another way to refine the 645,000 ischemic
strokes per year is on the basis of severity. As discussed above,
only patents with severe ischemic stroke (ie, NIHSS � 10) are
likely to benefit from intra-arterial therapy. Of acute ischemic
strokes evaluated by the Greater Cincinnati/Northern Ken-
tucky Stroke Team in 2005, 20% had an NIHSS of 10 or greater
(Thomas Tomsick, unpublished data, 2008). Extrapolating
this percentage to the entire US population would lead to an
estimate of 126,000 patients with such severe acute ischemic
strokes in the United States annually. Not all of these patients

Table 1: Outcomes of intra-arterial therapy in major trials

Study
Mean Baseline

NIHSS
Recanalization

(TIMI 2 or 3)
Good Outcome at 90 Days

(mRS 0–2)
Mortality at

90 Days
Symptomatic

ICH
Intra-arterial therapy

PROACT9 17 58% NA 27% 15%
PROACT II6 17 66% 40% 25% 10%
IMS-I8 18 56% 43% 16% 6%
IMS-II5 19 60% 46% 16% 10%
MERCI7 22 46% 28% 44% 8%
Multi MERCI4 19 68% 36% 34% 10%
Penumbra pivotal study 18 82% 25% 33% 11%

Nonarterial therapy
PROACT9 19 14% NA 43% 7%
PROACT II2 control 17 18% 25% 27% 2%
NINDS placebo*5 18 NA 28% 24% 1%
NINDS IV rtPA*5 18 NA 39% 21% 7%

Note:—NIHSS indicates National Institutes of Health Stroke Scale; TIMI, Thrombolysis in Myocardial Infarction trial; ICH, intracranial hemorrhage; mRS, modified Rankin Scale; PROACT,
Prolyse in Acute Cerebral Thromboembolism trial; IMS, Interventional Management of Stroke trials; MERCI, Mechanical Embolus Removal in Cerebral Ischemia trials; NINDS, National
Institute of Neurological Disorders and Stroke; NA, not available.
* NINDS is subgroup of patients with an NIHSS of 10 or more.
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would be candidates for endovascular therapy, but this would
be the size of the pool of patients with severe acute ischemic
stroke from which patients undergoing endovascular therapy
would be drawn; therefore, it is a theoretic maximum of endo-
vascular therapy candidates. It is not possible to narrow the
number of potential interventions for intra-arterial ischemic
stroke further given the limitations of available epidemiologic
data. However, we can further refine our estimate by looking
at available data on patients treated with intravenous rtPA for
acute ischemic stroke.

The treatment of stroke as an emergency in the United
States has been evolving since the US Food and Drug Admin-
istration approval of intravenous rtPA for ischemic stroke in
1996. Approximately 12,000 patients received intravenous
rtPA for ischemic stroke in the United States during 2004,50

which represents 2% of all patients with ischemic stroke. Stud-
ies have shown that even with very active and organized emer-
gency medical services and stroke teams, this number only
increases to approximately 9%.51 Many of the patients treated
with intravenous lysis do fine and do not require intra-arterial
intervention, but this is hard to quantify. So if 645,000 isch-
emic strokes per year occur in the United States, and no more
than 9%, or 58,000, would qualify for intravenous rtPA in the
most aggressive stroke management setting, then the number
of potential candidates for intra-arterial stroke therapy is well
likely to be less 58,000 per year in the United States.

Much effort has already been put into improving emer-
gency medical services for patients with stroke.52 Delays in
presentation to a hospital that provides acute stroke therapy
can certainly disqualify many patients from treatments such as
intravenous rtPA and intra-arterial therapy. Approximately
25% to 59% of patients with stroke arrive at an emergency
department within 3 hours of onset of symptoms, and 35% to
66% arrive within 6 hours.53 On the basis of these numbers,
programs aimed at developing the general public’s awareness
of stroke symptoms and at minimizing the delay in transport-
ing the patient to an appropriate medical center might be ex-
pected to increase the number of patients who might be
treatable with intra-arterial therapy. Such an aggressive edu-
cational program in Texas increased the number of patients
treated with intravenous thrombolysis by a factor of 4.51 Im-
proving the access of patients to acute stroke centers and edu-
cating physicians and patients to respond to stroke as an emer-
gency can increase the demand for intra-arterial thrombolysis;
however, this process will be gradual and must be dealt with
primarily at the local level.

Conversely, as noted above, improvements in triage with
use of new imaging modalities, such as with MR imaging or
CT perfusion, may indicate absence of ischemic penumbra in
perhaps half of all cases for which intra-arterial therapy is con-
templated. However, penumbra imaging is not yet standard in
the evaluation of patients with ischemic stroke.

Who Provides Care for Patients with Acute Ischemic
Stroke?
The practice of acute stroke care is dependent on patient access
to skilled physicians and technology in a stroke center com-
mitted to treat acute stroke as an emergency. Intravenous
thrombolysis can be administered safely and effectively in
small hospitals, preferably under the guidance of stroke spe-

cialists. Subsequent acute stroke care should be provided in
specialized stroke centers. Stroke centers should be able to care
for patients with all subtypes of stroke, including hemorrhagic
strokes that require treatment by a neurosurgeon. Expert-level
care has been shown to improve the care of patients with
acute stroke.54-56 Formal stroke center recognition can help
to consolidate resources such as diagnostic capabilities and
personnel trained to implement evidence-based practices, and
also to bring public attention to the location of these centers
of expertise. In 2000, the Brain Attack Coalition proposed 2
types of stroke centers: primary and comprehensive.57 A pri-
mary stroke center has the staffing, infrastructure, and pro-
grams necessary to stabilize and treat most patients with acute
stroke. A comprehensive stroke center is defined as a facility
with the staffing, infrastructure, and programs to diagnose
and treat patients with stroke who require a high intensity of
medical and surgical care, specialized tests, or interventional
therapies.58

In 2003, the Joint Commission began certifying primary
stroke centers. There are now 401 primary stroke centers cer-
tified by the Joint Commission.59 This certification is based on
the recommendations of the Brain Attack Coalition.57 The
requirements for primary stroke center certification do not
include availability of intra-arterial ischemic stroke therapy or
a neurologist. They also do not include an on-site stroke unit
or on-site neurosurgery, as it is understood that some primary
stroke centers will stabilize patients and then transfer them to
other centers for more advanced care. This paradigm is already
being developed as a “drip-and-ship” approach,60 in which
primary stroke centers initiate intravenous rtPA therapy and
then transport patients to a comprehensive stroke center.
With many primary stroke centers functioning with this “first
stop” model, it is not reasonable to expect that all primary
stroke centers will provide intra-arterial ischemic stroke
therapy.

Recommendations for access to endovascular therapy were
reserved for comprehensive stroke centers, which would offer
a higher level of care than primary stroke centers.58 This rec-
ommendation is also in accordance with the guidelines for the
early management of adults with ischemic stroke from the
American Heart Association and American Stroke Associa-
tion, which states that intra-arterial therapy “will be limited to
those comprehensive stroke centers that have the resources
and physician expertise to perform these procedures safely.”1

The Joint Commission has not yet begun a program to certify
comprehensive stroke centers. If comprehensive stroke center
certification becomes a reality, it would be expected that pri-
mary stroke centers would refer more difficult patients to
these centers. Many regional comprehensive stroke centers
already exist in practice, but a formal certification and recog-
nition process would be a significant advance in the develop-
ment of a national system to address the needs of patients with
stroke.

Epidemiologic statistics are bandied about, implying that
huge numbers of patients with stroke are not getting appro-
priate care,2 but such implications completely ignore the ex-
perience of leading acute stroke centers and work done at such
centers to improve stroke care. Single-center reports from
well-developed stroke centers doing intra-arterial ischemic
stroke therapy cases demonstrate a case rate of 3 to 30 cases per
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year per medical center (Table 2). These centers are national
and international leaders in acute stroke intervention, so it is
reasonable to assume that patients are being treated with an
appropriately aggressive level of care. Also, as tertiary referral
centers for patients with stroke, these hospitals would be ex-
pected to receive many more patients with strokes than hos-
pitals that do not specialize in stroke. A number of multicenter
trials of intra-arterial therapies for ischemic stroke have been
performed. These trials give us some insight into the quantity
of patients that might be treated with intra-arterial therapy at
leading stroke centers. The highest enrollment rate for any
hospital in any of these trials was 27 cases per year (Table 2).
Even if rates of intra-arterial therapies were to go as high as
rates of intravenous rtPA treatment of ischemic stroke, the
rate would only go as high as 61 cases per year per hospital at
the busiest of these tertiary centers (Table 2).

The delivery of stroke care is analogous to the delivery of
trauma care, in that a regional system is needed that provides
rapid, skilled care to as many people as is practical. A regional
care model has also been applied to myocardial infarctions,
but this has not been implemented on a national level as in
trauma.61 Designated trauma centers have been developed
throughout the United States. The number of level I trauma
centers in the United States is 190.62 Perhaps similar-level

comprehensive stroke centers might be designated in the fu-
ture. If each of these comprehensive stroke centers were staffed
by 2 neurointerventionists, then the total number of required
neurointerventionists would be approximately 400.

If each of an estimated 200 comprehensive stroke centers
treated 100 patients per year with intra-arterial thrombolysis,
20,000 individuals would be treated annually in the United
States. A rate of 100 patients per year per medical center is at
least 3 times the rate of stroke centers that aggressively use
intra-arterial therapy, and twice the rate of intravenous ther-
apy at aggressive stroke centers (Table 2). That translates to
3% of the 645,000 patients hospitalized for acute ischemic
stroke in the United States each year who could be treated with
intra-arterial methods; this rate is twice the percentage of pa-
tients with acute stroke who qualified for intra-arterial throm-
bolysis in the Prolyse in Acute Cerebral Thromboembolism II
study.6

Although comprehensive stroke centers have not yet been
officially designated as such, many US hospitals are currently
operating in this capacity unofficially. Most centers with
trained, specialized neurointerventionalists would likely meet
the criteria for a comprehensive stroke center. In 2002, Suzuki
et al63 identified 385 neurointerventionists in 238 hospitals
covering 45 states. Suzuki et al63 determined that 99% of the
total US population lived within 200 miles of a neurointer-
ventional practice, and 82% lived within a 65-mile radius. The
Society of Neurointerventional Surgery (SNIS) is the largest
society of practicing neurointerventionalists in the United
States, with members representing neuroradiology, neurosur-
gery, and neurology. There were 301 senior members of the
SNIS practicing in the United States in 2008. This number has
increased by 50% (from 208) since 2001. Not all neurointer-
ventionalists are members of this society, so the actual number
of practicing neurointerventionalists is undoubtedly higher.
The number of neurointerventionalists can be expected to in-
crease steadily as training programs continue to provide the
necessary advanced training to neuroradiologists, neurosur-
geons, and neurologists.

Because stroke is a major health problem, it makes sense
that skilled care be available from neurologic experts. Qualifi-
cation standards have already been published as agreed on by
multidisciplinary groups of neurologists, neurosurgeons, and
neuroradiologists who perform these procedures.64 The
American College of Graduate Medical Education has also de-
fined training standards for neurointervention.65 It is rather
naive to assume that such advanced care can be delivered by
physicians without expertise in the neurosciences. Each acute
stroke center that offers intra-arterial ischemic stroke therapy
needs to assure that this therapy is being offered by qualified
individuals.

Conclusions
The number of acute ischemic strokes in the United States that
will be amenable to intra-arterial therapy can only be crudely
estimated, but it is certainly less than the total number of
126,000 severe acute ischemic strokes per year and quite likely
to be no more than 20,000 cases per year. The future demand
for intra-arterial reperfusion techniques may change, but the
number of patients who require intra-arterial thrombolysis is
currently quite low, and the number of neurointerventionists

Table 2: Demand for thrombolysis in the United States based on the
published literature

Report
Cases per Year

per Hospital*
Intra-arterial treatment, multicenter trials

PROACT, 19989 1 (0–10)
PROACT II, 19996 1 (0–17)
EMS, 199966 5 (2–10)
IMS-I, 20048 7 (0–27)
MERCI, 20057 3 (0–9)
IMS-II, 20075 2 (NA)
Multi MERCI, 20084 5 (0–20)

Intra-arterial treatment, single center
Barnwell et al, 199419 7
Suarez et al, 199918 15
Jahan et al, 199967 5
Ernst et al, 200020 17
Hill et al, 200221 4
Ramee et al, 200468 3
Choi et al, 200622 9
Devlin et al, 200723 30
Kim et al, 200717 13
Wolfe et al, 200816 15

Intravenous treatment, multicenter trials
NINDS, 199569 20
ATLANTIS, 199970 1
STARS, 200071 4

Intravenous treatment, single center
Chiu et al, 199872 30
Zweifler et al, 199873 9
Grotta et al, 200174 61
Kahn et al, 200575 26
Wolfe et al, 200816 45
Arenillas et al76 46

Note:—PROACT indicates Prolyse in Acute Cerebral Thromboembolism trial; EMS, Emer-
gency Management of Stroke trial; IMS, Interventional Management of Stroke trials;
MERCI, Mechanical Embolus Removal in Cerebral Ischemia trials; NINDS, National Institute
of Neurological Disorders and Stroke; ATLANTIS, Alteplase Thrombolysis for Acute Non-
interventional Therapy in Ischemic Stroke trial; STARS, Standard Treatment with Alteplase
to Reverse Stroke study.
* Numbers in parentheses are ranges.
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is currently grossly adequate. Each evolving acute stroke cen-
ter will need to determine its own demand for intra-arterial
reperfusion techniques and have an adequate supply of qual-
ified neurointerventionists available to meet this demand.
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