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ABSTRACT

Endovascular treatment for acute ischemic stroke has the potential to substantially improve the
outcome for select individual stroke patients. However, the impact of this treatment on a popula-
tion scale is unknown. We reviewed the epidemiology of acute stroke presentation times to esti-
mate the proportion of patients with ischemic stroke who may be eligible for intra-arterial
treatment. Experience with IV thrombolysis suggests that time from symptom onset is likely to be
among the major exclusion criteria for intra-arterial treatment. Studies reviewed suggest that
between 5% and 13% of patients with ischemic stroke present in the commonly recommended
intra-arterial treatment window of 3 to 6 hours. Because of clinical exclusion factors other than
time, the proportion of stroke patients eligible for intra-arterial treatment is likely even lower than
these estimates. Clinicians and researchers should consider this a modest proportion of eligible
patients when planning future studies and creating referral networks for endovascular stroke
treatment. Neurology® 2012;79 (Suppl 1):S22–S25

GLOSSARY
AIS � acute ischemic stroke; BASIC � Brain Attack Surveillance in Corpus Christi; CASPR � California Acute Stroke Pilot
Registry; IA � intra-arterial; NIHSS � NIH Stroke Scale; PROACT � Prolyse in Acute Cerebral Thromboembolism; tPA �
tissue plasminogen activator.

Endovascular therapy for acute ischemic stroke (AIS) is a promising treatment that has made
vast strides in recent years yet remains in its early phases. Although potentially there is substan-
tial benefit to intra-arterial (IA) treatment in some individuals with AIS, the benefit of this
treatment on a population scale is unknown.

Delay in presentation is the major reason that patients with AIS are not eligible for treat-
ment with IV tissue plasminogen activator (tPA).1,2 One of the potential advantages of IA
stroke treatment is that some patients who are ineligible for treatment with IV tPA may be
candidates for IA treatment because of a longer treatment time window. But how many AIS
patients could benefit from IA treatment? In an attempt to answer this question, we briefly
review selected studies describing the epidemiology of acute stroke presentation.

ELIGIBILITY FOR IA STROKE TREATMENT Success of IA treatment lies in the careful selection of
patients who are mostly likely to benefit from its use. This selection process requires rapid evaluation of not
only the presenting stroke syndrome but also comorbidities and patient preferences for aggressiveness of
treatment in the setting of severe acute illness. Mobilization of the full interventional team can add additional
delay to an already time-critical decision-making process.

American Stroke Association guidelines suggest that IA treatment is an option within 6 hours for AIS
patients with major stroke due to middle cerebral artery occlusion who are not candidates for IV thrombolysis
(Class I, level of evidence B).3 IA thrombolysis is also considered in some centers as rescue therapy for
persistent large-vessel occlusion after IV thrombolytic treatment or after use of imaging techniques to assist in
patient selection. Clinical trials to evaluate these strategies are still ongoing, and there are no universally
accepted criteria to define the appropriate candidates for IA treatment in these scenarios. Selection is therefore
left largely to the individual clinician.
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It is difficult to estimate the proportion of
stroke patients eligible for IA treatment, as most
large population-based studies do not provide suf-
ficient detail of all possible exclusion criteria (such
as large preexisting infarct on imaging). The Prolyse in
Acute Cerebral Thromboembolism–II (PROACT) Trial,
which remains the largest randomized placebo-controlled
trial of IA thrombolysis to date, supports the idea that time
and mild stroke symptoms are likely to be major exclusions
for IA treatment. Of 12,323 screened patients at 54 centers
over 21⁄2 years, 180 (1.5%) were randomized,4 with half of
the exclusions due to presentation after 6 hours or for mi-
nor or improving stroke.

This review therefore focuses on the epidemiology of
acute stroke presentation times and stroke severity, as
these factors are likely to be the most common contrain-
dications for IA treatment and have been well defined in
studies to date. We concentrate on the 3- to 6-hour
time window, as the 6-hour window for IA treatment is
currently recommended by recent American Stroke As-
sociation Guidelines,2 and arrival times within this time
window have been commonly reported. Studies re-
viewed were performed prior to the expansion of the
time window for IV treatment to 4.5 hours5 and do not
report time in sufficient detail to allow differentiation of
presentation times before or after 4.5 hours. However,
examining the 3- to 6-hour window can still provide a
useful estimate of the upper limit of the proportion of
patients who may be eligible for IA treatment.

Studies of acute stroke presentation. For this review, it
is appropriate to focus on population-based studies

that attempt to capture every stroke within a defined
geographic region, as they provide a more accurate
estimate of the epidemiology of acute stroke presen-
tation. Studies from single academic centers may be
subject to local referral biases that substantially alter
the spectrum of patient arrival times and stroke se-
verity. A summary of the studies discussed here, as
well as several other studies not discussed in detail, is
presented in the table. A Medline search was per-
formed to identify studies describing presentation
times for acute stroke that detailed presentation
times at a minimum in blocks of 0–3 and 3–6 hours;
references of the individual articles were also re-
viewed for relevance. Studies were excluded if they
included patients with intracerebral hemorrhage, if
they excluded individuals with unknown presenta-
tion times, or if they defined time to presentation as
“first time seen sick” rather than “last time known
well.”

Brain Attack Surveillance in Corpus Christi. The
Brain Attack Surveillance in Corpus Christi (BASIC)
study is an ongoing population-based stroke surveil-
lance study that uses a combination of active and
passive surveillance to capture all strokes in individu-
als �45 years old in Nueces County, Texas.6 One
unique aspect of BASIC is that there is no academic
medical center in this community, and therefore it
provides insight into the “real world” community ex-
perience of stroke care. The study reported presenta-
tion times of 2,347 AIS patients between January
2000 and June 2005.7 When a precise time of onset

Table Data from studies of time to presentationa

Study author, year Location Study population No.
Median
NIHSS

Percentage presenting at
indicated no. of hours post onset

0–3 3–6 6–24 >24 Unknown

Majersik et al., 20077 Southeast Texas Population-based 2,347 4 27 13 29 24 6

Owe et al., 200617 Bergen, Norway 3 Selected hospitals 88 4 23 8 69b

CASPR Investigators,
200510

California 11 Selected hospitals,
including 3 academic
centers

374 7 24 6 40 30b

Qureshi et al., 20059 Western New York 11 Selected hospitals,
including 8 academic
centers

1,590 3–5 21 11 19 26 22

Kleindorfer et al.,
20048

Ohio, Kentucky Population-based,
including 1 academic
center

1,849 NR 22 5 51 22

Koennecke et al.,
200118

Berlin, Germany 1 Academic center 504 13 32 8 20 40b

Kothari et al., 199919 Ohio, Kentucky 4 Selected hospitals,
including 1 academic
center

151 NR 30 10 21 18 21

Azzimondi et al.,
199712

Bologna, Italy 1 Teaching hospital 204 NR 40 12 31 9 7

Abbreviations: CASPR � California Acute Stroke Pilot Registry; NIHSS � NIH Stroke Scale; NR � not reported.
a Table is adapted from Majersik et al.7

b Includes patients with “overnight onset.”
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was not available, presentation time was estimated
from the medical record. In this study, only 13% of
cases arrived between 3 and 6 hours of symptom on-
set. More important, approximately half of those
with moderate to severe strokes (NIH Stroke Scale
[NIHSS] score �7) arrived within 3 hours of symp-
tom onset.

Greater Cincinnati–Northern Kentucky. The population-
based Greater Cincinnati–Northern Kentucky Stroke
Study yielded data on patient arrival times from July
1993 through June 1994.8 During the study period,
1,849 individuals with AIS presented to an emer-
gency department. Only 5% of patients presented
within 3 to 6 hours of symptom onset. The research-
ers also found that it was primarily patients with less
severe stroke who presented late, as 54% of patients
arriving after 3 hours (or with unknown onset time)
had an NIHSS score of �5.

Buffalo–Erie County. A study of hospital arrival times
in Erie County in Western New York yielded data on
1,590 patients with AIS presenting between January
and December 2000.9 Time interval from symptom
onset to hospital arrival was 3 to 6 hours for 11%.
Similar to other studies, the researchers found that
patients with lower NIHSS scores presented later
than those with higher NIHSS scores.

California Acute Stroke Pilot Registry. The California
Acute Stroke Pilot Registry (CASPR) collected data on
patient arrival times at 11 California hospitals in 5 ma-
jor population regions throughout the state.10 The reg-
istry identified 374 cases with AIS from November
2002 through January 2003. Overall, 6% presented in
the 3- to 6-hour window. The CASPR report authors
also estimated the impact of expanding the thrombo-
lytic time window, by assuming that patients arriving
between 3 and 6 hours were treated in the same relative
proportion as those arriving within 3 hours. The au-
thors estimated that expanding the treatment window
from 3 to 6 hours would increase the proportion of
patients treated with IV thrombolysis from 4.3% to
8.3%. Although this estimate does not directly translate
to the proportion of patients eligible for IA treatment
within the 3- to 6-hour window, it may be a reasonable
approximation.

Limitations of existing studies. This review is limited
in its ability to truly estimate the proportion of AIS
patients eligible for endovascular treatment. Because
of categorical reporting of time variables, it is diffi-
cult to assess the eligibility of patients arriving just
before the end of the time window who may not be
able to have an assessment completed rapidly enough
to receive IV or IA thrombolysis. This review did not
address the issue of treatment between 6 and 8 hours,

as has been suggested when mechanical clot retrieval
devices are utilized.11 The limited data suggest that a
low proportion of stroke patients (�3%) arrive
within this time window.12

DISCUSSION Studies reviewed suggest that be-
tween 5% and 13% of AIS patients present within
the 3- to 6-hour treatment window. Individuals pre-
senting after 3 hours tend to have less severe strokes
than those who present early and are therefore less
likely to have a large-vessel occlusion amenable to IA
treatment. Because many patients will have contrain-
dications other than time from onset, this estimate
should be considered the likely upper-bound propor-
tion of patients eligible for IA treatment, unless there
is a dramatic shift in patient arrival times or an ex-
pansion of the eligibility criteria for IA treatment.

Several ongoing clinical trials may alter the pro-
portion of patients eligible for IA treatment. The In-
terventional Management of Stroke III trial is
comparing the safety and efficacy of IV followed by
IA treatment to standard IV treatment alone.13 Other
studies are comparing primary IA treatment to IV
tPA within 3 hours.14 Although these treatment strat-
egies may have theoretical advantages for selected pa-
tients, there is no current evidence of the superiority
of either primary IA treatment or combined IV–IA
approaches in patients otherwise eligible for stan-
dard IV tPA treatment. Other studies are investi-
gating the possibility of further expanding the IV
treatment window out to 6 hours in selected pa-
tients. The proportion of patients eligible for en-
dovascular stroke treatment in the future may
certainly change, depending on the results of these
and other clinical trials.

Several conclusions can be drawn from the rela-
tively modest proportion of AIS patients who cur-
rently present within the appropriate time window
for endovascular therapy. First, centers that offer en-
dovascular treatment for AIS will need to set up
mechanisms for rapid transfer of potential treatment
candidates from surrounding facilities, in order to
maintain adequate treatment volumes and hands-on
experience. The increasing availability of telestroke
networks may play an important role in facilitating
patient access to centers that offer IA treatment.15

Second, based on the considerable cost of maintain-
ing such a referral network and continuous readiness
to deliver IA treatment, cost-effectiveness studies of
IA stroke treatment from the societal perspective
should be performed. Finally, additional resources
and effort should be directed toward reducing pa-
tient delays in seeking initial treatment for stroke.10,16

Simply improving public knowledge of stroke symp-
toms is insufficient to reduce delays; future studies
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will need to address the complex social and cognitive
factors that contribute to delays in presentation.16

Whereas indications and specific techniques for IA
treatment may change with the results of ongoing
trials and new device development, addressing the
issue of delay time will increase access for all stroke
patients to current and future IV and IA reperfusion
strategies.
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