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Editorial

after an infusion of recombinant tissue plasminogen acti-
vator (rt-Pa), the proportions of stroke patients without 
disability (modified Rankin score (mRS): < 2) varied in pos-
itive randomized trials between 39 % (NINDS 2) and 52 % 
(ECASS 3) [1, 2]. this success in ischemic stroke treat-
ment was impressive and is now guiding stroke manage-
ment since almost 20 years. intravenous (iV) rt-Pa became 
the Holy Grail of stroke treatment, and any increase in the 
proportion of patients being treated with rt-Pa is regarded a 
success. it is widely ignored that the absolute risk reduction 
for death and disability was 13 % (NINDS 2 with an imbal-
ance at baseline favoring rt-PA) and 7 % (ECASS 3) only. 
Other rt-PA trials did not show a significant effect. More-
over, a combined analysis of all major randomized trials 
with IV rt-PA showed the disappearance of any beneficial 
effect within 6 h of stroke onset [3]. today, stroke physicians 
treat less than 10 % of their patients with iV rt-Pa following 
international guidelines. among these happy patients, only 
few (maximum 13 %) benefit from this treatment. In the real 
world, iV rt-Pa treatment thus reduces disability and death 
in less than 1 % of an ischemic stroke population.

The efficiency of rt-PA treatment is small due to three 
major factors: (1) The trials did not control arterial pathol-
ogy and included patients without arterial occlusions having 
an excellent spontaneous prognosis. (2) arterial recanaliza-
tion and tissue reperfusion was not achieved while ischemic 
brain tissue was still viable. (3) arterial recanalization did 
not prevent functional impairment because major portions 
of the ischemic territory were already irreversibly injured 

or side effects like brain hemorrhage impaired possible ben-
eficial effects.

about 30 % of acute ischemic stroke patients do not 
have arterial occlusions as assessed by digital subtraction 
angiography within the first 6 h of stroke onset [4]. in this 
time window, the same proportion of patients does not show 
ischemic edema on computed tomography (CT) [5]. Patients 
without arterial occlusions as assessed by Ct angiography 
within 6 h of stroke onset had good clinical outcomes (mRS 
< 3) in 60 % whether they were treated with rt-PA or not [6]. 
Patients with major artery occlusions, however, often do not 
benefit from IV rt-PA and may have already extended isch-
emic edema that may deteriorate with tissue reperfusion.

a few and very recent trials of intraarterial (ia) treat-
ment studied clinical outcomes in more severely ill patients 
with proved obstruction of major brain arteries. the Prolyse 
in acute Cerebral thromboembolism trial (ProaCt) ii 
randomized 180 acute ischemic stroke patients with middle 
cerebral artery (MCA) occlusions within 6 h of symptom 
onset [7]. Only 25 % of placebo treated patients had good 
clinical outcomes (mRS < 3). the ia treatment with pro-
urokinase enhanced this proportion to 40 % (p = 0.04).

The recently prematurely terminated Interventional Man-
agement of Stroke Trial 3 (IMS-3) compared endovascular 
treatment after IV rt-PA to standard IV rt-PA alone in 656 
patients with a baseline National Institutes of Health Stroke 
Scale Score (NIHSS) > 9 to identify those patients with a 
high likelihood of major arterial occlusion on subsequent 
angiography [8]. it turned out that 100 patients randomized 
to ia treatment (24 %) did not receive ia treatment after 
iV rt-Pa by various reasons (early clinical improvement or 
deterioration, absence of clot, and technical failures). reper-
fusion rates as graded on digital subtraction angiography 
with the thrombolysis in Cerebral infarction score (tiCi) 
were below 50 % for TICI 2b/3 (> 50 % reperfused arteries 
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within the territory of the recanalized artery: internal carotid, 
middle cerebral, or basilar). the trial was stopped for futil-
ity with good clinical outcomes (mRS < 3) in 38.7 % of iV 
rt-Pa patients and in 40.8 % of patients who had received ia 
therapy after iV rt-Pa. (ia rt-Pa (N = 142), EKOS (N = 22), 
Merci (N = 95) Penumbra aspiration (N = 54), thrombectomy 
with Solitaire (N = 5)) It is not yet analyzed whether the per-
protocol treated endovascular group had a benefit compared 
to IV treatment alone and whether TICI 2b/3 reperfusion 
was associated with improved clinical outcome.

A real world approach was chosen by the Synthe-
sis Expansion investigators. they tested the hypothesis 
whether ia treatment is superior to iV treatment irrespec-
tive of the stroke patients’ vessel status [9]. they random-
ized 362 patients for iV rt-Pa or endovascular treatment; 
among them, patients with arterial wall dissections or with 
microvessel disease. Based on an intend-to-treat-analysis, 
good clinical outcomes were achieved in 30.4 % of patients 
after IA treatment and in 34.8 % after IV rt-PA. Some of 
the patients in the endovascular group did not receive ia 
therapy, however, and some patients were treated with 
thrombectomy after iV rt-Pa. the authors admit that they 
cannot exclude the possibility that endovascular treatment 
is superior to standard intravenous rt-Pa in patients selected 
on the basis of computed tomography angiography (Cta)- 
or magnetic resonance angiography (MRA)-findings.

Another recent trial, Mechanical Retrieval and Recanali-
zation of Stroke Clots Using Embolectomy (MR RESCUE), 
aimed to show that multimodal MRI can identify the appro-
priate patients for endovascular treatment in ischemic stroke 
[10]. the authors randomized 127 patients to embolectomy 
with the Merci retriever or Penumbra device or standard 
care and studied clinical outcomes in subgroups with and 
without a “penumbral pattern” on MRI of each treatment 
arm. they did not observe better revascularization, tissue 
reperfusion, and clinical outcomes in the embolectomy 
group compared to the standard care group and could not 
show that multimodal MRI helps to find the appropriate 
patients for this type of treatment.

We learn from these trials that less than 40 % of acute 
stroke patients with major artery occlusion and endovascu-
lar treatment had good clinical outcomes after ia treatment. 
this impression is supported by a recent outcome analysis 
of 3,864 stroke patients receiving clot retrieval between 
2006 and 2008 in the United States. In-hospital mortality 
was 24 % and the rate of discharge to a long-term facility 
was 51 % [11]. it appears hard to beat, the rather small ben-
eficial effect of IV treatment.

How can we do better? “recanalization” associated with 
good outcomes needs a more precise definition. Throm-
bolysis in Myocardial Infarction (TIMI) 2/3 or TICI 2/3 
likely represents reperfusion states not associated with 
functional recovery. Achievement of TICI 2b/3 is required. 

it is obvious that the recanalization rates achieved in these 
trials were too low to really test the effect of arterial recana-
lization and tissue reperfusion. Furthermore, we should 
consider that patients benefitting from IV treatment are dif-
ferent from patients benefitting from IA treatment. Criteria 
for patient selection were poor in IMS-3 and SYNTHESIS 
that included patient without arterial occlusion and without 
endovascular treatment into the endovascular arm. in theory, 
the key is early arterial recanalization and tissue reperfusion 
in patients without extended ischemic damage. the assess-
ment of arterial obstruction and ischemic damage with CT/
CTA or MRI/MRA are the most important diagnostic steps 
after a quick clinical examination. Patients with major artery 
occlusions and patients without ischemic damage (hypoden-
sity on Ct, hyperintensity on diffusion weighted imaging 
(DWI)) exceeding 33–50 % of the affected territory may 
have a chance to benefit from IA therapy. The reduction of 
time from stroke onset to recanalization enhances the prob-
ability for good clinical outcome [12]. Endovascular treat-
ment, however, requires time, specific logistics, specialists, 
and skills that are not widespread. As scientific evidence is 
still lacking for the fact that ia treatment under real world 
conditions can improve clinical outcomes, it should be per-
formed only by following prospective protocols that docu-
ment arterial occlusion at baseline, grade of recanalization 
and reperfusion, time to recanalization, and predefined 
clinical endpoints. it is of interest that a current random-
ized trial testing the efficacy and safety of IV desmoteplase 
in a late time window randomize ischemic stroke patients 
with proved major arterial occlusions, but no major isch-
emic damage [13]. Scientific evidence is urgently needed to 
show that treatment of ischemic stroke can do much better 
if patients are carefully and quickly identified for the most 
appropriate treatment. For real world conditions, it would be 
of advantage if a drug given iV immediately after diagnosis 
can rescue more stroke patients than endovascular treatment 
with the most sophisticated devices. only randomized tri-
als can provide the evidence. to neglect this and continue 
with endovascular treatment on a routine basis rather than in 
controlled trials will probably render poor service to stroke 
patients and also to the further development of endovascular 
treatment approaches itself.
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