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ABSTRACT

Modern acute ischemic stroke therapy is based on the premise that recanalization and subse-
quent reperfusion are essential for the preservation of brain tissue and favorable clinical out-
comes. We outline key issues that we think underlie equipoise regarding the comparative clinical
efficacy of IV recombinant tissue-type plasminogen activator (rt-PA) and intra-arterial (IA) reper-
fusion therapies for acute ischemic stroke. On the one hand, IV rt-PA therapy has the benefit of
speed with presumed lower rates of recanalization of large artery occlusions as compared to IA
methods. More recent reports of major arterial occlusions treated with IV rt-PA, as measured by
transcranial Doppler and magnetic resonance angiography, demonstrate higher rates of recanali-
zation. Conversely, IA therapies report higher recanalization rates, but are hampered by proce-
dural delays and risks, even failing to be applied at all in occasional patients where time to
reperfusion remains a critical factor. Higher rates of recanalization in IA trials using clot-removal
devices have not translated into improved patient functional outcome as compared to trials of IV
therapy. Combined IV-IA therapy promises to offer advantages of both, but perhaps only when
applied in the timeliest of fashions, compared to IV therapy alone. Where equipoise exists, ran-
domizing subjects to either IV rt-PA therapy or IV therapy followed by IA intervention, while incor-
porating new interventions into the study design, is a rational and appropriate research approach.
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GLOSSARY
IA � intra-arterial; IMS � Interventional Management of Stroke; MCA � middle cerebral artery; rt-PA � recombinant tissue-
type plasminogen activator.

Uncertainty exists in the optimal approach to reperfusion for the treatment of acute ischemic
stroke. Equipoise exists where there are 2 or more competing possible treatment paradigms and
there is a lack of definitive evidence upon which to make the best choice for a particular patient.
Equipoise can exist within the larger community or community of treating investigators and
clinicians as well as the level of the individual clinician or investigator evaluating a given
patient. Our purpose is to outline the key issues that we think underlie equipoise regarding the
comparative clinical efficacy of IV recombinant tissue-type plasminogen activator (rt-PA) and
intra-arterial (IA) reperfusion therapies for acute ischemic stroke.

Modern acute ischemic stroke therapy is based on the premise that recanalization and
subsequent reperfusion are essential for the preservation of brain tissue and favorable clinical
outcomes. This premise is not absolute. A minority of patients with robust leptomeningeal
collateral circulation will have minimal damage and sustain excellent clinical recovery without
recanalization. However, a large majority of ischemic stroke patients will have an improved
outcome only with recanalization and reperfusion. Importantly, akin to the coronary “no-
reflow” phenomenon, recanalization (restoration of flow at the site of arterial occlusion) may
occur without adequate angiographic reperfusion (restoration of flow to the distal arterial bed
of the arterial occlusion) or tissue reperfusion. Clear distinction between recanalization and
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reperfusion is lacking in some clinical trials
and case series, particularly when angio-
graphic films have not been read by a central
reader with clearly defined methodology.
Moreover, despite both recanalization and
reperfusion, brain tissue may have already be-
come irreversibly injured due to the duration
and depth of ischemia. Reperfusion may be
harmful after stroke due to a whole series of
biochemical processes gathered under the ru-
brics of reperfusion injury and reperfusion
hemorrhage. Finally, drugs, contrast agents,
and procedures used to induce recanalization
and reperfusion are sometimes associated with
harm. Thus, a higher rate of recanalization or
reperfusion of a given therapy is not proof of
its clinical efficacy.

To address the issue of equipoise, we re-
view the data regarding recanalization and
reperfusion rates, risks of IA therapy, risk of
IV therapy, the role of penumbral imaging in
patient selection, and our conclusions based
upon these data.

RECANALIZATION RATES Small doses of IV
rt-PA were used in many patients in all of the pilot
dose-escalation studies which used IA angiography to
assess recanalization. Mori et al.1 reported an on-the-
table recanalization rate of approximately 47% for 19
arteriographically demonstrated anterior circulation
occlusions after a 1-hour infusion of 40 – 60 mg
duteplase (a dual-chain rt-PA) within 6 hours of
stroke onset. The t-PA Acute Stroke Study Group
evaluated patients with cerebral angiography and
treated those with arterial occlusive lesion within 8
hours of acute stroke by infusing variable doses of IV
duteplase (without bolus) for 1 hour. On-the-table
recanalization was evaluated with a repeat angiogram
after the 1-hour infusion. The recanalization rates,
frequently incomplete, are listed in table 1.2,3

The recanalization response of middle cerebral ar-
tery (MCA) occlusions to IV alteplase (a single-chain
rt-PA) in the National Institute of Neurologic Disor-
ders dose-escalation pilot trial4,5 was likewise incom-
plete. Fourteen of 18 subjects in the National
Institute of Neurological Disorders and Stroke pilot
trial with proximal MCA occlusions (based on a hy-
perdense arterial sign on CT) had cerebral angio-
grams within 2 days of IV therapy. Nine of the 14
had evidence of an occlusion of the M1 portion of
the MCA at angiography and the remaining 7 had
persisting occlusion of more distal MCA branches
indicating incomplete recanalization of large-vessel
occlusions after IV rt-PA at varying doses.6 Caution
is required when interpreting the preceding data re-
garding recanalization associated with IV t-PA since
many patients were treated with very low doses of
t-PA per the dose-escalation design and because of
angiographic selection bias.

In the subsequent randomized National Institute
of Neurological Disorders and Stroke rt-PA Stroke
Trial that compared 0.9 mg/kg rt-PA to placebo,
routine angiography was not performed. Of the 79
patients with hyperdense middle cerebral artery sign
on the baseline CT scan, a specific but insensitive
diagnostic sign of middle cerebral artery occlusion,
resolution of the sign at 24 hours was more common
among the 37 rt-PA-treated cases (38%) than the 42
placebo cases (17%; p � 0.03). Among rt-PA-treated
patients, 24-hour infarct volumes were smaller in
those with resolution of the sign (p � 0.004).7

Studies utilizing TCD to monitor recanalization
have reported better rates of up to 70% with
standard-dose IV rt-PA.8-13 The discrepancy between
angiograms obtained on the table after 1 hour of
rt-PA infusion and transcranial ultrasound data ob-
tained 2–3 hours after infusion points to a continued
benefit of rt-PA bound to fibrin at the site of occlu-
sion beyond its 5- to 8-minute serum half-life. This
prolonged thrombolytic effect is also indicated by an-
imal/preclinical studies suggesting that rt-PA exerts
its biologic activity for up to 6 hours.14,15 In fact, the
recanalization data from TCD ultrasound IV rt-PA
studies performed at 6 hours closely parallel recanali-
zation effects reported with IA thrombolytic therapy.
One phase 4 study performed a late CT angiography
or TCD follow-up examination 24 hours after IV
thrombolysis in 64 patients with documented occlu-
sion of the intracranial ICA or MCA. Complete re-
canalization was achieved in 36 of the 64 patients
(56.3%). There was a nonsignificant trend for recan-
alization rates to decline with more proximal sites of
occlusion: 68.4% (M2 MCA), 53.1% (M1 MCA),
and 46.2% (internal carotid terminus) (p � 0.28).16

The DEFUSE Study investigators reported complete

Table 1 Summary of recanalization rates obtained with IV administration of
recombinant tissue-type plasminogen activator by time of
assessment posttreatment

Vessel
1-h recanalization
by angiogram (%)1,2

2-h
recanalization
by TCD (%)13

3– 6-h
recanalization
by MRA17

24-h recanalization
by TCD or CTA (%)16

ICA 9 0 6 46

M1 35 69 30 41.5 53

M2 54 44 68

M3,4 66

Abbreviations: CTA � CT angiography; MRA � magnetic resonance angiography; TCD �

transcranial Doppler.
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recanalization in 37.5% of 24 subjects with M1 oc-
clusions as imaged by MRA at 3–6 hours after initia-
tion of IV t-PA with additional partial recanalization in
4%.17 Of the 15 subjects with an ICA and M1
occlusion, 13% had complete and 28.5% had par-
tial recanalization.

With the concern that IV rt-PA may be subopti-
mally effective for recanalization of moderate to se-
vere strokes, combined reduced-dose IV rt-PA,
followed by arteriography and potential IA rt-PA, has
been studied.18-21 Enthusiasm for combined therapy
is rooted in a local registry where subjects were
treated with IV rt-PA at a median time of 126 min-
utes followed by IA rt-PA at median time of 210
minutes. Of the 54 subjects, 56% achieved a modi-
fied Rankin score 0–2.22

The subsequent IMS I and II multicenter IV-IA
trials failed to achieve as timely IA treatment; the
median time to treatment was 140 minutes in IMS I
and II studies as compared to the National Institute
of Neurological Disorders and Stroke rt-PA Stroke
Trial treatment time of 90 minutes.23 However, in
those patients treated with combined therapy where
the IA component of therapy was begun within 3
hours, the combined approach resulted in better out-
comes than historical subjects of similar age and se-
verity treated with rt-PA in the National Institute of
Neurological Disorders and Stroke rt-PA Stroke
Trial (figure 1).22 For those subjects treated with a

combined approach in which IA therapy was started
at 3–5 hours from onset, the combined approach re-
sulted in similar outcomes to comparable historical
rt-PA subjects from the National Institute of Neuro-
logical Disorders and Stroke rt-PA Stroke Trial who
were treated within 3 hours of onset. Given the
strong relationship between time to treatment and
effectiveness of rt-PA,24,25 similar outcomes, despite
this substantial difference in time to start of IV ther-
apy, may argue for improved and more rapid effec-
tiveness of the combined IV-IA approach as
compared to IV rt-PA alone.

It remains to be seen whether IA therapies alone
started at 5 to 8 hours from onset will lead to better
outcomes compared to optimized IV t-PA or com-
bined IV-IA therapies at less than 3 hours, or even
compared to placebo beyond 4.5 hours. Trials of IA
devices and/or lytic agents for angiographic occlu-
sions of the ICA and middle cerebral arteries report
TIMI II/III reperfusion rates of 48%–83% depend-
ing upon the application of the definition of reperfu-
sion and the population of subjects in whom the
device was considered used.26-30 These reperfusion
rates are generally higher than the recanalization rates
reported in trials of IV rt-PA in subjects with similar
location of occlusions. However, the proportion of
subjects with a Rankin of 0–2 at 3 months is gener-
ally lower in these IA trials than the IV t-PA trials
where subjects with a middle cerebral artery occlu-
sion documented by transcranial Doppler were
treated within 3 hours of onset.8 This discrepancy
between recanalization rates and clinical outcome in
controlled trials re-emphasizes that superior clinical
efficacy and safety, not superior recanalization per se,
is the goal of clinical trials and subsequent clinical
practice.

Given the clear importance of time to recanalization
in the randomized IV t-PA trials and the nonrandom-
ized IMS I and II Trials, one might argue for vascular
imaging to target and treat patients with large artery
occlusions by more aggressive IA methods rather than
IV t-PA. It would be difficult to argue otherwise, if pa-
tients could be confidently treated at comparable time
windows in the course of their disease process, and if
complications of IA methods did not reduce good out-
comes. These caveats are not merely theoretical, how-
ever, since delays to treatment and increased
complications are inherent in IA methods (table 2).
Ongoing improvements in device design may improve
access to occluded arteries.

A further consideration is that IV rt-PA may dem-
onstrate sufficient recanalization and safety for distal
occlusions such as M2 and beyond, while combined
IV-IA rt-PA may be superior for more proximal oc-
clusions as long as angiographic suite complications

Figure 1 Rankin outcomes by time to IA therapy

mRankin 0 –2 outcomes according to time to IA therapy (patterned bars) are depicted for a
pre-IMS registry, IMS I, and IMS II. For subjects with NIH Stroke Scale score 10 or greater
who were less than 81 years old, and who were treated intra-arterially after 3 hours,
mRankin 0 –2 outcomes in multicenter IV-IA trials have not differed significantly from those
achieved in patients of similar age and stroke severity treated with IV rt-PA within 3 hours
in the NINDS rt-PA trial (depicted as white bar). IA � intra-arterial; IMS � Interventional
Management of Stroke; mRankin � modified Rankin score; NINDS � National Institute
of Neurological Disorders and Stroke; rt-PA � recombinant tissue-type plasminogen
activator.
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are limited. The Interventional Management of
Stroke (IMS) III Trial will assess this through strati-
fied analysis by location since a significant propor-
tion of patients are undergoing baseline CT
angiography prior to enrollment.31

RISKS OF IA THERAPEUTIC APPROACHES
The inability to catheterize brachiocephalic vessels
has occurred in all studies, in which even very experi-
enced angiographers encounter delays, or even failure
to reach the target intracranial vascular lesion. Failure
to traverse totally occluded proximal vessels due to
internal carotid origin stenosis or ICA dissections, or
failure to navigate proximal vessel tortuosity, occurs
in all IA trials (table 2). Failures to pass guide micro-
catheters or recanalization devices have been encoun-
tered variably as well. Where delays occur, the
likelihood of good outcome may be substantially re-
duced.28 Among patients who are unsuccessfully
treated with IA therapy as a first step, this could lead
not only to delay of an effective treatment but inabil-
ity to treat with IV rt-PA within an approved time
window.

Significant complications of recanalization proce-
dures also occur with all devices (table 2). Dissection
of the catheterized artery occurs more commonly
with large balloon-guide catheters, and may be a lim-
itation to procedural success. Overcoming occlusive
and embolic effects of dissection with vessel stenting
then adds additional hemorrhage risk associated with
the antiplatelet drug requirements for stents. Perfora-
tion of occluded intracranial vessels by a guidewire or
catheter or mechanical thrombectomy device may
occur, though not necessarily creating catastrophic
hemorrhage after IV therapy if there is no flow and

perforation occurs prior to IA lytic and anticoagulant
administration. Rupture of small vessels by pressure
from IA fluid or contrast injection may lead to large
parenchymal hematomas. Symptomatic hemorrhage
rates may be slightly higher with IA therapies com-
pared to IV alone where similar definitions of symp-
tomatic hemorrhage have been used but there is no
evidence that that IA therapy is safer than IV t-PA
therapy with respect to symptomatic ICH. Parenchy-
mal hematomas due to IV or IA reperfusion therapies
are frequently symptomatic with up to a 50% mor-
tality rate.21,24,26,27,29,30,32,33

New emboli in previously uninvolved vessels dur-
ing IA procedures have received little attention.
None were reported in PROACT II. Operators re-
ported 3 instances of new embolus in the uninvolved
ACA circulation during MCA revascularization in
the MERCI Trial, suggesting they are uncommon
with clot removal devices of that type.34 Review of
angiograms by a central reading laboratory was not
performed, and new emboli distal to the primary oc-
clusion were not considered to be a previously unin-
volved territory. New emboli in the A2 segment, or
beyond, of the anterior cerebral artery were detected
by a core reading laboratory in 3 subjects (15%) with
internal carotid terminus occlusion in the IMS I and
II trials, for whom opposite carotid injections veri-
fied prior intact flow with corresponding infarctions
in the ACA territory in 2 of the 3 subjects.35

Contrast agents injected during IA procedures are
expected to have an acceptable safety profile in gen-
eral use, but their safe use in IA procedures has been
questioned. Local microcatheter injections directly
into or beyond occlusive thrombus following IV
rt-PA are independently associated with increased
ICH.36 In a second registry cohort of IV-IA and IA
rt-PA alone cases, a similar relationship between mi-
crocatheter injections and both ICH and parenchy-
mal hematoma rates has been demonstrated.37 The
potential for deleterious effects of contrast on a dam-
aged blood– brain barrier are poorly understood.
Others have questioned the effects of cumulative
contrast effects, including IV contrast prior to
thrombolysis for baseline CT angiograms.38 In-
creased ICH after contrast administration in a rat
MCA reperfusion model has been suggested in pre-
liminary observations (Aigang Lu, personal commu-
nication, 2007). Less well-studied in stroke is the
concept that IV contrast may negatively interact with
rt-PA. Small studies in the cardiac literature suggest a
possible reduced rate of thrombolysis when contrast
media are combined with rt-PA.39,40

RISKS OF IV THERAPIES IV rt-PA administra-
tion, even at reduced dose, has been associated with a

Table 2 Adverse events from intra-arterial procedures

Adverse event % References

Unable to access

Parent vessel by guide cathetera 1.3–2 19, 20, 23, 26

Occluded vessel by microcathetera 0.7–4.8 19, 20, 23, 26

Occluded vessel by devicea 1.3–8.6 23, 26

Dissection parent vessel, with
stenosis/occlusion

0–2.4 19, 20, 23, 26, 29

Subarachnoid hemorrhage, vessel
perforation

0–3.5 18, 19, 20, 23, 26, 27, 29

Angiographic contrast extravasation,
parenchymal hematoma

3.4 20, 23

Symptomatic parenchymal hematoma (no
angio contrast extravasation reported)

1.5–10 19, 20, 21, 26, 27, 29, 30

Emboli previously patent middle cerebral
artery, anterior cerebral artery, posterior
cerebral artery

0–15 19, 23, 26, 27, 29, 30

Puncture site (hematoma, pseudoaneurysm) 2.1–2.5 20, 21, 26, 29

aOperator began with device per instructions for use but was unable to access occluded
vessel.
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symptomatic ICH rate of approximately 6% for pa-
tients treated in less than 3 hours.33 Nonrandomized
trials of devices have reported similar or minimally
higher rates of symptomatic ICH as randomized tri-
als of IV rt-PA. Furthermore, thrombolytic therapy is
often used to clean up residual clot or fragmented
emboli in these device trials.27,34

ROLE OF PENUMBRAL IMAGING IN PATIENT
SELECTION Selection of candidates for IV or IA
treatment based on imaging studies is an attractive
but unproven hypothesis.41,42 The concept of MRI
and CT imaging mismatch to define penumbral tis-
sue has limitations at this time. These limitations in-
clude 1) no agreed-upon standard for perfusion
imaging and marked variability in the extent of mis-
match depending upon changing a key perfusion
variable; 2) poor correlation with the ischemic pen-
umbra as documented by misery-perfusion on
positron emission tomographic imaging; and 3) the
observation that diffusion-positive lesions do not al-
ways represent the core of irreversibly injured brain
tissue.43 Testing the hypothesis that selection of pa-
tients by MRI for a revascularization procedure is
associated with an improved clinical outcome is one
of the primary goals of the ongoing MR Rescue
Study.28

The extent of early ischemic changes, a marker of
irreversible tissue injury, seen on noncontrast CT
may also be critical to patient selection. Using the

ASPECTS semiquantitative scale for early ischemic
changes, we compared the IMS I patient cohort to
historical National Institute of Neurological Disor-
ders and Stroke tPA Stroke Study patients and dem-
onstrated that patients with favorable baseline CT
scans (ASPECTS �7) do particularly well (13% ef-
fect size) with IV-IA therapy compared to IV therapy
alone, as measured by a modified Rankin score of
0–2 (figure 2).44,45 These data provide confirmatory
evidence for a similar post hoc finding in the
PROACT-2 study.45 This finding will be prospec-
tively validated in the IMS III trial.

DISCUSSION We must be committed to treating
patients as rapidly and as safely as possible. On the
one hand, IV rt-PA therapy has the benefit of speed
with presumed lower rates of recanalization of large
artery occlusions as compared to IA methods. Con-
versely, IA therapies report higher recanalization
rates, but are inherently much slower in application,
even failing to be applied at all in occasional patients,
where time to reperfusion remains a critical factor. IA
procedures are hampered by procedural delays and
risks. Combined IV-IA therapy promises to offer ad-
vantages of both, but perhaps only when applied in
the timeliest of fashions, compared to IV therapy
alone. Even if IA approaches, with or without IV
t-PA, are demonstrated to be more efficacious than
IV t-PA for subgroups of acute stroke patients, the
translation of this efficacy into clinical practice will
likely be challenging, as seen with slow adoption of
IV t-PA following its Food and Drug Administration
approval.

Do current data lead to clinical equipoise regard-
ing therapeutic decisions between IV, IA, and com-
bined recanalization therapies for ischemic stroke
patients eligible for these therapies? Or do the data
clearly allow for patient-specific decision-making and
therapy application at present? We think that the an-
swer to the first question is yes and the answer to the
second is no. And where clarity is lacking, equipoise
exists. Where equipoise exists, randomizing subjects
to either IV rt-PA therapy or IV therapy followed by
IA intervention, while incorporating new interven-
tions into the study design, is a rational and appro-
priate research approach.
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