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intra-arterial therapy for acute stroke: 
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stroke Is A DevAstAtIng DIseAse, Af-
fecting over 750,000 individuals in the 
United States each year. For patients 
with acute ischemic stroke, intra-venous 
tissue plasminogen activator (tPA) is a 
breakthrough treatment which improves 
outcomes when given within 4.5 hours 
from symptom onset.1-6 However, some 
patients are ineligible for intra-venous 
tPA (IVT) and some fail to respond. 
In those instances, direct intra-arterial 
therapy (IAT) offers patients a treatment 
option. In this article, we will examine the 
past, present and future of IAT for acute 
ischemic stroke.

hIstorIcAl bAckgrounD – 
thrombolysIs AnD thrombectomy

Soon after the publication of the 
NINDS trial in 1995, the earliest ran-
domized trials of IAT for stroke were 
published.7-8 The first such study, PRO-
ACT, used an intra-arterial infusion of 
pro-urokinase (pro-UK) for patients who 
were within six hours of symptom onset 
with acute MCA occlusion. The authors 
showed recanalization in 58% of patients 
receiving pro-UK as compared with only 
14% of those receiving placebo.7 Howev-
er, the improvements in outcome were not 
as dramatic, with 31% of pro-UK patients 
having a modified Rankin score (mRs) 
of zero or one at 90 days compared with 
21% in the placebo arm. Nevertheless, 
this study proved the safety and potential 
efficacy of this treatment paradigm and 
a larger, follow-up study, PROACT-II 
showed similar improvements in recanali-
zation (66% pro-UK vs 18% placebo) and 
in clinical outcome (40% pro-UK patients 
had mRs zero to two at 90 days versus 
25% of placebo). The most significant 
complications seen were symptomatic in-
tracranial hemorrhage, which was seen in 
10% of the pro-UK group in PROACT-II 
(as compared with 6% in the NINDS IV 
tPA study). Regardless, the improvements 
in outcome spurred a new era in acute 
stroke therapy. 

The major limitations to intra-
arterial thrombolytic infusion were 

related to the variability of clinical 
response. Recanalization could not be 
consistently achieved in a high percent-
age of patients, and even those patients 
who recanalized did not always improve. 
The thought of mechanically removing 
the embolus rather than relying on phar-
macological thrombolysis has spurred 
the invention of the next generation of 
IAT devices (Figure 1). The first FDA 
approved device for this indication was 
the Merci retriever (Concentric Medi-
cal, Aliso Viejo, CA). The MERCI and 
Multi MERCI trials selected patients 
who were ineligible for IV tPA or who 
failed to clinically improve following IV 
tPA and were treated with mechanical 
thrombectomy with adjunctive throm-
bolysis. While recanalization rates were 
70%, favorable clinical outcome (mRs 
zero to two) still remained low at 36%, 
and symptomatic hemorrhage rates were 
9.8%9. Another new device, the Penum-
bra system (Penumbra Inc., Alameda, 
CA) showed recanalization rates of 82% 
with 25% of patients mRs zero to two 
at 90 days.10 Both of these trials showed 
that despite increases in recanalization 
rates, the overall clinical outcomes have 
not improved sub-
stantially over IA tPA 
infusion. Patient se-
lection, including the 
inclusion of patients 
with more proximal 
occlusion, as well as 
treatment up to eight 
hours from symptom 
onset may account for 
some of these differ-
ences in outcome.11 
However, when com-
pared with patients 
in whom mechani-
cal thrombectomy 
was attempted and 
unsuccessful, those 
in whom recanaliza-
tion was obtained had 
significantly better 
clinical outcomes.12 

Certainly the availability of mechanical 
thrombectomy as a treatment option has 
further expanded our armamentarium. 
Unlike intra-arterial thrombolysis how-
ever, there have been no randomized tri-
als comparing mechanical thrombectomy 
with no therapy or placebo infusion.

current DIrectIons – brIDgIng 
AnD rescue therAPy

Initially, patients with acute ischemic 
stroke were treated either with IV tPA or 
IAT, based on time from onset to pre-
sentation. However, with the expansion 
of the IVT window to 4.5 hours,6 an 
alternative approach has gained traction – 
that of a combined paradigm where both 
intra-venous and intra-arterial techniques 
are combined with the goal of optimizing 
patient outcomes. In order to understand 
the rationale for this approach, we need 
to better define the subgroup of patients 
in whom IVT alone is unlikely to result 
in a good outcome. A re-analysis of the 
NINDS IV tPA trial stratified patients by 
admission National Institutes of Health 
Stroke scale (NIHSS), and showed the 
greatest benefit for IV tPA was for those 
patients with moderate strokes.5 Indeed, 

Figure 1. A frontal projection from a right internal carotid 
arteriogram demonstrates an abrupt occlusion of the proximal 
middle cerebral artery (arrows, left). This patient was ineligible 
for intravenous tPA due to recent abdominal surgery and was 
treated with intra-arterial mechanical thrombectomy. Post-

treatment angiogram (right) shows complete restoration of flow. 
The patient had no residual deficit.
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future goAls – ImProvIng 
PAtIent outcomes

Ultimately IAT for stroke needs to 
show improved patient outcomes. De-
spite gains in recanalization rates from 
the early days of PROACT, there is still a 
substantial cohort of patients who do not 
have a clinical benefit from IAT. One area 
of improvement is in device development. 
It would be logical to ask why the cardiac 
model of angioplasty and stenting for 
acute stroke is not routinely performed. 
Indeed, case series have demonstrated 
technical success when using stent based 
recanalization.20 However, unlike cardiac 
lesions, an underlying stenosis is not usu-
ally present in intracranial occlusion. 
In addition, the tortuous anatomy can 
make delivery of stents challenging in 
the intracranial circulation. Nevertheless, 
there are newer devices which have shown 
promise in preliminary trials, and it is 
possible that self-expanding stents may 
play a role in IAT for stroke.21-24 Another 
promising paradigm is the use of a com-
bination stent and thrombectomy device, 
where the stent is used to open the vessel 
and after thrombolysis the device can be 
completely removed.25-26 Future studies 
will need to show whether or not these 
technical developments can translate into 
improved clinical outcomes.

Improvements in patient selection and 
reductions in time to treatment may also 
improve outcomes. A strong linear relation-
ship between time from symptom onset 
to recanalization and outcome has been 
shown for the IMS I and II trials,27 with 
patients recanalized beyond seven hours 
from symptom onset not seeming to benefit 
from reperfusion. Stroke centers which 
perform IAT should have mechanisms in 
place to rapidly identify and treat appropri-
ate patients. The use of advanced imaging 
studies such as CT perfusion (CTP), or 
diffusion weighted MRI has been proposed 
as a means of better identifying patients 
who would benefit from IAT, but no series 
has shown a clear improvement in clinical 
outcomes when compared with using non-
contrast CT alone.

summAry
Intra-arterial therapy (IAT) for 

acute ischemic stroke has undergone great 
evolution during the past decade. While 
intra-venous therapy remains the standard 

patients with an NIHSS of zero to five 
tended to have good outcomes regardless 
of therapy performed, those with NIHSS 
between six and 15 seemed to have the 
greatest benefit from IVT. Patients with 
more severe strokes (NIHSS 16 and 
above) did benefit from IVT, but the 
absolute benefit was not as great as with 
less severe strokes. Since the severity of 
the NIHSS is linked with the volume of 
infarction, it would follow that the more 
severe NIHSS is associated with a more 
proximal arterial occlusion.13-14 It has been 
shown from trials using continuous trans-
cranial Doppler (TCD) monitoring that 
the more proximal the arterial occlusion, 
the less likely that IV tPA will result in 
complete recanalization.15 For example, 
only 6.3% of terminal internal carotid 
artery (ICA) occlusions recanalized with 
IV tPA as compared with 48% of more 
distal occlusion at the M2 branches of the 
MCA. A final determinant is the time to 
recanalization with IV tPA. Using TCD, 
Ribo showed that the vast majority of 
recanalization occurs in the first hour after 
the tPA bolus.16 Based on these analyses, 
we would presume that patients with 
more severe strokes who fail to improve 
clinically within one hour from IV tPA 
administration may be those most likely 
to benefit from IAT. Patients with minor 
strokes (NIHSS one to five) are unlikely 
to benefit from IAT but should still receive 
IVT if eligible.

The safety of this combined ap-
proach has been demonstrated in the 
interventional management of stroke 
(IMS) trials.17-18 The IMS-I trial showed 
safety, with a 6.4% symptomatic hemor-
rhage rate in patients treated with a lower 
dose of IV tPA combined with IA tPA 
infusion. In IMS-II, the recanalization 
rate was 62% and the rate of favorable 
clinical outcome at 90 days was 46%.18 In-
terestingly, this rate was not significantly 
superior to the IV tPA treated group from 
NINDS, which raises the question of 
whether every patient needs a combined 
approach. The currently enrolling IMS-
III trial randomizes patients into either 
IVT alone, or combined IVT plus IAT 
using either thrombolytic infusion or 
mechanical thrombectomy using Merci 
or Penumbra devices, and aims to show 
a difference in efficacy among the ap-
proaches.19 

of care for eligible patients, there are 
those patients in whom IV tPA is contra-
indicated, or those who fail to improve 
following IV tPA. In those cases, patients 
with accessible arterial occlusions may 
benefit from IAT, especially when reca-
nalization can occur within six hours from 
symptom onset. Future advancements in 
device development and patient selection 
may further improve outcomes.

references
1. Tissue plasminogen activator for acute ischemic 

stroke. The National Institute of Neurological 
Disorders and Stroke rt-PA Stroke Study Group. 
N Engl J Med. 1995;333:1581–7.

2. Generalized efficacy of t-PA for acute stroke. 
Subgroup analysis of the NINDS t-PA Stroke 
Trial. Stroke. 1997;28:2119–25.

3. Marler JR, Tilley BC, Lu M, et al. Early stroke 
treatment associated with better outcome: 
the NINDS rt-PA stroke study. Neurology. 
2000;55:1649–55.

4. Broderick JP, Lu M, Kothari R, et al. Finding 
the most powerful measures of the effectiveness 
of tissue plasminogen activator in the NINDS 
tPA stroke trial. Stroke. 2000;31:2335–41.

5. Ingall TJ, O’Fallon WM, Asplund K, et al. Find-
ings from the reanalysis of the NINDS tissue 
plasminogen activator for acute ischemic stroke 
treatment trial. Stroke. 2004;35:2418–24.

6. Hacke W, Kaste M, Bluhmki E, et al. Thromboly-
sis with alteplase 3 to 4.5 hours after acute isch-
emic stroke. N Engl J Med. 2008;359:1317–29.

7. del Zoppo GJ, Higashida RT, Furlan AJ, et al. 
PROACT: a phase II randomized trial of recom-
binant pro-urokinase by direct arterial delivery 
in acute middle cerebral artery stroke. PROACT 
Investigators. Prolyse in Acute Cerebral Throm-
boembolism. Stroke. 1998;29:4-11.

8. Furlan A, Higashida R, Wechsler L, et al. 
Intra-arterial prourokinase for acute ischemic 
stroke. The PROACT II study: a randomized 
controlled trial. Prolyse in Acute Cerebral 
Thromboembolism. JAMA. 1999;282:2003–
11.

9. Smith WS. Safety of mechanical thrombectomy 
and intravenous tissue plasminogen activator in 
acute ischemic stroke. Results of the multi Me-
chanical Embolus Removal in Cerebral Ischemia 
(MERCI) trial, part I. AJNR Am J Neuroradiol. 
2006;27:1177–82.

10. The penumbra pivotal stroke trial: safety and 
effectiveness of a new generation of mechanical 
devices for clot removal in intracranial large ves-
sel occlusive disease. Stroke. 2009;40:2761–8.

11. Josephson SA, Saver JL, Smith WS. Comparison 
of mechanical embolectomy and intraarterial 
thrombolysis in acute ischemic stroke within the 
MCA: MERCI and Multi MERCI compared to 
PROACT II. Neurocrit Care. 2009;10:43–9.

12. Nogueira RG, Liebeskind DS, Sung G, et 
al. Predictors of good clinical outcomes, 
mortality, and successful revascularization in 
patients with acute ischemic stroke undergo-
ing thrombectomy: pooled analysis of the 
Mechanical Embolus Removal in Cerebral 
Ischemia (MERCI) and Multi MERCI Trials. 
Stroke. 2009;40:3777–83.



 
359

Volume 94     No. 12     December 2011

13. Sims JR, Rordorf G, Smith EE, et al. Arterial 
occlusion revealed by CT angiography predicts 
NIH stroke score and acute outcomes after 
IV tPA treatment. AJNR Am J Neuroradiol. 
2005;26:246–51.

14. Saqqur M, Uchino K, Demchuk AM, et al. Site 
of arterial occlusion identified by transcranial 
Doppler predicts the response to intravenous 
thrombolysis for stroke. Stroke. 2007;38:948–
54.

15. Saqqur M, Tsivgoulis G, Molina CA, et al. 
Symptomatic intracerebral hemorrhage and 
recanalization after IV rt-PA: a multicenter 
study. Neurology. 2008;71:1304–12.

16. Ribo M, Alvarez-Sabin J, Montaner J, et al. 
Temporal profile of recanalization after intra-
venous tissue plasminogen activator: selecting 
patients for rescue reperfusion techniques. 
Stroke. 2006;37:1000–4.

17. Combined intravenous and intra-arterial 
recanalization for acute ischemic stroke: the 
Interventional Management of Stroke Study. 
Stroke. 2004;35:904–11.

18. The Interventional Management of Stroke 
(IMS) II Study. Stroke. 2007;38:2127–35.

19. Khatri P, Hill MD, Palesch YY, et al. Methodol-
ogy of the Interventional Management of Stroke 
III Trial. Int J Stroke. 2008;3:130–7.

20. Levy EI, Ecker RD, Horowitz MB, et al. Stent-
assisted intracranial recanalization for acute 
stroke: early results. Neurosurgery. 2006;58:458-
463; discussion 458–63.

21. Levy EI, Mehta R, Gupta R, et al. Self-expand-
ing stents for recanalization of acute cerebro-
vascular occlusions. AJNR Am J Neuroradiol. 
2007;28:816–22.

22. Sauvageau E, Samuelson RM, Levy EI, et al. 
Middle cerebral artery stenting for acute isch-
emic stroke after unsuccessful Merci retrieval. 
Neurosurgery. 2007;60:701-706; discussion 
706.

23. Levy EI, Siddiqui AH, Crumlish A, et al. First 
Food and Drug Administration-approved 
prospective trial of primary intracranial stent-
ing for acute stroke: SARIS (stent-assisted 
recanalization in acute ischemic stroke). Stroke. 
2009;40:3552–6.

24. Mocco J, Hanel RA, Sharma J, et al. Use of a 
vascular reconstruction device to salvage acute 
ischemic occlusions refractory to traditional en-
dovascular recanalization methods. J Neurosurg. 
2010;112:557–62.

25. Roth C, Papanagiotou P, Behnke S, et al. Stent-
assisted mechanical recanalization for treatment 
of acute intracerebral artery occlusions. Stroke. 
2010;41:2559–67.

26. Jahan R. Solitaire flow-restoration device for 
treatment of acute ischemic stroke: safety and 
recanalization efficacy study in a swine vessel 
occlusion model. AJNR Am J Neuroradiol. 
2010;31:1938–43.

27. Khatri P, Abruzzo T, Yeatts SD, et al. Good 
clinical outcome after ischemic stroke with 
successful revascularization is time-dependent. 
Neurology. 2009;73:1066–72.

Mahesh V. Jayaraman, MD, is an As-
sistant Professor of Diagnostic Imaging and 
of Clinical Neurosciences at the Warren Alp-
ert Medical School at Brown University.

Richard A. Haas, MD, is an Associate 
Professor in the Departments of Diagnostic 
Imaging and Neurosurgery at the Warren 
Alpert Medical School at Brown Univer-
sity.

Sun H. Ahn, MD, is an Assistant Pro-
fessor of Radiology (Clinical) at the Warren 
Alpert Medical School at Brown University, 
Director of the VIR Fellowship, and Associ-
ate Editor of Medicine & Health/RI.

Disclosure of Financial interests
The authors and/or their spouse/sig-

nificant others have no financial interests 
to disclose.

corresPonDence
Mahesh V. Jayaraman, MD
Department of Diagnostic Imaging
Rhode Island Hospital
593 Eddy Street, 3rd Floor Main
Providence, RI 02903
phone: (401) 444-5184
fax: (401) 444-5017
e-mail: MJayaraman@Lifespan.org

Providence community 
HealtH centers

Providence, RI

FAMILY PHYSICIAN — part or full-time. 
Malpractice protection under FTCA (federal 
government protection). Nice ambulatory prac-
tice in Providence helping the underserved. 
Possible Federal School Loan Repayment. Salary 
$140,000 to $150,000 per annum (prorated if 
part-time) with incentives up to $16,500 per year. 
Call Stanley Block, MD, at (401) 444-0400 ext. 
3116; fax (401) 780-2565, or e-mail sblockmd@
providencechc.org.

adult PsycHiatrist
The Kent Center, a nationally recognized progressive CMHC is seeking 
a team oriented Board Certified/Board Eligible Adult Psychiatrist to 
join our Psychiatric Consultation Service Team. As a member of our 
multi-disciplinary team you will provide direct psychiatric services to 
a diverse population focusing on recovery of adult clients with mental 
health disorders, trauma, and substance abuse.  

Your responsibilities include comprehensive evaluations, treatment 
planning, medication prescribing and monitoring of clients, and 
consultation services to members of clinical treatment teams. 

Will consider candidates interested in part time employment.

Competitive salary, comprehensive benefit package including 4 weeks va-
cation, Blue Cross/Blue Shield medical, dental, life and long term disability 
insurance and 401k retirement plan.  Send resume to Director of Human 
Resources, The Kent Center, 2756 Post Road, Suite 104, Warwick, RI 
02886.  Fax 401-691-3398.or e-mail Hr@thekentcenter.org EOE.


