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SUMMARY
Background: The introduction of neurological stroke units 
and of thrombolysis with the intravenous (IV) adminis-
tration of recombinant tissue-type plasminogen activator 
(tPA) have markedly improved the treatment of stroke. Five 
randomized trials of catheter-based interventional treat-
ment of stroke with special stents were published in 2015.

Method: Recently published randomized trials of mechan-
ical thrombectomy are selectively reviewed.

Results: These trials documented the clinical efficacy of 
mechanical thrombectomy (MT) in the treatment of occlu-
sion of a major cerebral artery in the distribution of the in-
ternal carotid artery (evidence level 1a, recommendation 
grade A). Roughly 4–10% of all stroke patients could 
benefit from such an intervention. In the trials, 85% of the 
patients were first treated with IV-tPA. A recanalization of 
the occluded vessel was achieved by MT in 59–88% of 
 patients. The percentage of patients with no deficit or only 
a mild deficit was 33–71% among those who received the 
intervention, compared to 19–40% in the control groups. 
The trial data indicate that MT is effective for elderly pa-
tients as well (age over 80). Thrombectomy did not in-
crease the rate of secondary, symptomatic intracranial 
hemorrhage. 

Conclusion: MT can only be used to treat the occlusion of 
major cerebral arteries. In appropriate patients, it expands 
the spectrum of treatment options for stroke. Long-term 
data are not yet available. 
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C are for acute stroke has become an essential task 
for neurology centers and requires close, well-

coordinated teamwork between the involved disciplin-
es: in the first instance between neurology and neuro -
radiology, and also between angiology, cardiology, and 
neurosurgery. The two great milestones in stroke treat-
ment were the introduction of neurological stroke units 
in 1994 and the National Institute of Neurological Dis-
orders and Stroke (NINDS) study in 1996 that provided 
the evidence in favor of intravenous thrombolysis 
(IVT) using tissue-type plasminogen activator (tPA) (1, 
2). This resulted in the concept of primary care for pa-
tients in stroke units, which reduces lasting impairment 
and mortality (odds ratio [OR]: 0.76; 95% confidence 
interval [CI]: 0.67 to 0.86; p = 0.0001; combined out-
come versus care outside stroke units) (3). The first-line 
treatment for ischemic stroke is IVT within 4.5 hours of 
symptom onset (4). However, the current authors see 
many patients in clinical practice whose treatment 
 outcomes are not satisfactory. An intensive search for 
better treatment and diagnostic methods therefore 
 remains ongoing.

2015 saw the publication of five randomized trials 
on mechanical thrombectomy (MT), intervention for 
stroke. They examined the treatment of ischemic stroke 
caused by the occlusion of a large artery serving the 
brain, such as the distal internal carotid artery or the 
proximal middle cerebral artery (territorial infarctions). 
This review aims to explain these studies and their con-
sequences for neuroradiological aspects of stroke treat-
ment and cross-sectional imaging diagnostics. Overall, 
85% of patients in the five trials were initially treated 
with IVT. It should therefore be made clear immedi-
ately that MT is an adjunct to IVT, not a replacement 
for it. MT can probably be considered for 4 to 10% of 
all stroke patients (5, 6). Even taking into account the 
new trial data, primary hospital care of patients is still 
to be provided in stroke units.

Intervention
Since 2008, thrombectomy has been performed using 
fully expanded intracranial stents (stent retrievers). 
This procedure promised superior recanalization rates 
and seemed to lead to positive outcomes more fre-
quently than average in patients with large proximal 
vessel occlusions who were seriously clinically 
 affected. Older mechanical treatments were not very 
satisfactory; this was shown not least in three negative 
trials (IMS III, SYNTHESIS Expansion, and MR 
 RESCUE [7]) and led to a certain pessimism regarding 
MT. In early 2015, five independent randomized trials 
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were published: ESCAPE (8), EXTEND-IA (9), MR 
CLEAN (10), REVASCAT (11), and SWIFT-PRIME 
(12). These showed endovascular stroke treatment to be 
clearly superior, mainly in combination with IVT ver-
sus IVT alone or, if intravenous (IV) tPA was contrain-
dicated, also versus other noninvasive therapy. The MT 
procedure tested in the new studies (Figure 1) is very 
different from the intra-arterial fibrinolysis treatment 
that had been used to treat stroke since the early 1980s.

Recent trials
The MR CLEAN trial (10) was conducted at 16 sites in 
the Netherlands. The inclusion criteria stated no limi-
tations regarding clinical symptoms or size of infarc-
tion on imaging. Patients initially received standard 
treatment (89% IV tPA, after a median of 1.5 hours) 
and were then randomized to a group either with or 

without additional endovascular treatment (after 
3.4 hours). This may have led to the enrollment mainly 
of patients who showed no improvement after IV tPA. 
Endovascular treatment was administered significantly 
later (after 4.3 hours). The probability of a favorable 
clinical and functional outcome (modified Rankin 
Scale score 0 to 2 after 90 days) was 33% with MT and 
19% without. The recanalization rate, strictly defined, 
was 59%. Despite these numerically rather modest 
 outcomes in comparison with trials published later 
(Figure 2, Table), and although MT was used as the last 
option following failure of IV tPA, MR CLEAN was 
the first trial to yield positive outcomes and triggered 
early analyses of the other trials which were still 
 ongoing.

EXTEND-IA is a research project in which CT per-
fusion data for the selected patients was automatically 

FIGURE 1

If there is a proximal thromboembolic occlusion of the middle cerebral artery (a), the stent retriever is run past the intra-arterial thrombus in a micro -
catheter (b). When the microcatheter is retracted, the stent retriever is pushed out and released inside the thrombus. After a few minutes, the stent expands into the 
thrombus so that the mesh of the stent hooks into the thrombus (c). The expanded stent, together with the whole thrombus, is then removed into a larger catheter (d). 

a b

c d

Thrombus

Cerebral artery
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evaluated at 10 sites in Australia and New Zealand. 
Only patients receiving IV tPA were enrolled (after less 
than 4.5 hours). Endovascular treatment was adminis-
tered using Solitaire stent retrievers and was required to 
have begun no later than 6 hours after symptom onset. 
In view of the scope of its sample, EXTEND-IA was in-
terpreted only for the primary outcomes “reperfusion 
after 24 hours” and “early improvement in neurological 
symptoms”: cases in which National Institutes of 
Health Stroke Scale (NIHSS) score fell by at least 8 
points or was between 0 and 1 on the third day after 
symptom onset. The absolute risk reduction (aRR) for 
impairment and death was 31%.

The ESCAPE trial recruited patients from Canada, 
the USA, South Korea, and Ireland. Unlike the two 
trials described above, this was a pragmatic trial. With-
in a wide time window, up to 12 hours after symptom 
onset, patients who had undergone standard treatment 
were enrolled into groups with and without additional 
endovascular treatment. The choice of standard therapy 
was guided in the first instance by the time window; 
76% of patients were treated with IV tPA. The aRR for 
impairment and death was 24%.

SWIFT-PRIME was the only industry-sponsored 
trial (Covidien/Medtronic). Patients receiving IV tPA 
treatment less than 4.5 hours after symptom onset were 
enrolled at 39 sites in the USA and Europe. Those in the 
trial’s endovascular arm received additional Solitaire 
stent retriever treatment. Groin puncture had to be 
 performed within 6 hours. Clinical and functional out-
comes (aRR: 25%) and recanalization rates (88%) in 
this transatlantic trial were similar to those in EX-
TEND-IA. SWIFT-PRIME was the only trial involving 
German trial sites.

REVASCAT was fundamentally different from the 
trials described above, as it included only patients who 
did not respond to IV tPA treatment within 8 hours after 
symptom onset (73%) and those for whom IV tPA was 
contraindicated. Another distinguishing feature of 
REVASCAT is that patients were enrolled at four trial 
sites in Catalonia, and during the trial’s observation 
period only eight patients were treated outside the trial. 
This makes selection bias highly unlikely. The 
 treatment arms were the best possible medical treat-
ment in the stroke unit either alone or in combination 
with Solitaire stent retriever treatment. Here, too, the 
treatment outcomes for the group that also received en-
dovascular treatment were superior (mRS score 0 to 2 
in 44% of patients versus 28% for those receiving 
 standard treatment alone; aRR: 16%).

Already presented but not yet published are the re-
sults of the French THRACE trial (mRS score 0 to 2 in 
54% of patients versus 42% with standard treatment 
alone; aRR: 12%, p = 0.016; presented by S. Bracard at 
the European Stroke Organisation Conference on 18 
April 2015) and those of the transatlantic THERAPY 
trial (mRS 0 to 2 in 38% of patients versus 30% of 
those receiving standard treatment alone; aRR: 8%; 
p = 0.521; presented by J. Mocco et al. at the European 
Stroke Organisation Conference on 17 April 2015).
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Common to all these trials is the fact that the fre-
quency of symptomatic intracranial hemorrhages was 
not increased by MT (Table). There are therefore no 
safety issues regarding the use of MT in combination 
with IV tPA. Because the trials were completed only a 
few months before the time of writing, no long-term 
outcomes are available so far.

Selection criteria
The technical nature of MT means that only patients 
with an occlusion in a large cerebral artery can benefit 
from it. This includes the distal carotid artery, including 
the carotid T, and the proximal middle cerebral artery 
(segment M1); these are occluded in 4 to 10% of all 
stroke patients (5, 6). If this is shown to be the case, the 
patient should be referred to a suitable center with a su-
praregional stroke unit. It is problematic if vascular 
diagnostics using computed tomography (CT) or mag-
netic resonance imaging (MRI) angiography are not 
available round the clock. This is currently the rule 
rather than the exception.

Advanced patient age alone is not a contraindication 
for MT. Taken strictly, overall there is a lack of evi-
dence in favor of patient stratification by criteria such 
as age, time window, or NIHSS score. The mean 
NIHSS score in the five published trials on thrombec-
tomy was 17; these were therefore seriously affected 
patients. There is a clear correlation between NIHSS 
score and size of an occluded vessel (13). The probabil-
ity of occlusion of a large cerebral artery is 3.3 times 
higher if the NIHSS score is 11 or higher (14), while 
within a time window of 3 to 6 hours following stroke 
the NIHSS threshold score fell by 2 to 3 points. In other 
research an NIHSS score of 9 or higher was the best 
predictor of proximal vessel occlusion and also fell by 
2 points after the end of a 3-hour time window (15).

The procedure suggested by this data is to refer pa-
tients with an NIHSS score of 9 or above to a facility 
for MT within a time window of 3 hours, and those 
with a score of 7 or above within 3 to 6 hours after 
symptom onset (16). This has also been suggested in a 
consensus paper. Such a procedure will only be feasible 
in Germany on the basis of consensus between suprare-
gional stroke units and smaller and medium-sized 
 hospitals.

Principles of neurological diagnostics
In ischemic stroke there is a critical decrease in perfu-
sion pressure in the brain parenchyma caused by occlu-
sion of a cerebral artery further upstream. The resulting 
territorial reduction in perfusion to the parenchyma 
causes an ischemic core of irreversible cell damage. 
This is surrounded by an area of critically diminished 
perfusion (penumbra). Around the penumbra is an area 
of noncritically diminished perfusion (oligemia). 
 Although this macroscopic model of the pathophysiol-
ogy simplifies the actual processes at the molecular 
level, it is helpful in interpreting imaging findings.

In terms of treatment, the most important aspect of 
cerebral imaging is still to rule out hemorrhage as the 

cause of symptoms. This can be done effectively and 
rapidly using native CT, immediately clearing the way 
for standard IV tPA therapy.

The next aim in stroke imaging should be to deter-
mine the extent of the ischemic core on the basis of the 
ischemic edema. This is done using either native CT or 
MRI diffusion-weighted imaging (DWI); the latter is 
substantially more sensitive. The Alberta Stroke Pro-
gram Early Computed Tomography Score (ASPECTS) 
is used to provide a standardized description of the ex-
tent of edema (Figure 3). The ASPECTS divides the 
area supplied by the middle cerebral artery into 10 sec-
tions (17). A normal image is given an ASPECTS of 10, 
while ischemic edema throughout the area supplied by 
the middle cerebral artery scores 0.

Multiparameter CT diagnostics (native CT, perfu-
sion CT, CT angiogram) or multiparameter MRI (DWI, 
diffusion MRI, MR angiogram) provide important in-
formation on the at-risk tissue in the penumbra, i.e. on 
the sections of the brain parenchyma that threaten to 
cease functioning but which may possibly still be 
saved. Differentiation between the outer border of the 
penumbra and the oligemia currently remains unre-
liable, however, and can only be usefully interpreted in 
conjunction with clinical and neurological findings.

Consequences for imaging diagnostics
MT is only useful if a vessel that can be accessed 
using a catheter is occluded. This means that vessels 
must be imaged in the acute phase in all patients with 

  FIGURE 2

Relationship between clinical/functional outcome (rate of mRS score 0 to 2 after 90 days) 
and recanalization rate (TICI IIb/III rate) in thrombectomy arm of the five 2015 randomized 
trials on thrombectomy.
mRS: Modified Rankin Scale; TICI: Thrombolysis in cerebral infarction
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It is neither useful nor the aim of this article to 
 stratify patients on the basis of imaging diagnostics 
alone according to whether treatment can be expected 
to be effective or not. Such stratification must always 
include clinical and neurological evaluation. Even a pa-
tient with manifest ischemic edema can still benefit 
from recanalization provided the edema has not yet 
 invaded the entire area supplied by the affected vessel.

Open questions
The borders delineating the indication of thrombec-
tomy have not yet been defined in detail (18). The im-
aging criteria are not completely clear; this concerns 
particularly the maximum size of early ischemic edema 
(19), as well as how to deal with more distal occlusions 
of the middle cerebral artery, in segments M2 and M3. 
There are no results from randomized trials on MT for 
occlusions in the area supplied by the vertebral artery. 
The maximum time window for MT is as unclear as the 
procedure for handling patients who have suffered a 
stroke while asleep and in whom the time window since 
symptom onset is therefore unknown. In the latter 
group, the circumstances in which IVT is indicated 
have, as yet, never been shown. This is currently 
being investigated in a multicenter European trial 

significant neurological involvement. Only then 
can  effective triage be performed between purely IV 
tPA-based  therapy and combination IV tPA and throm-
bectomy therapy.

All five trials mentioned here required CT angio-
gram or MR angiogram detection of occlusion of a 
proximal vessel. However, their requirements for brain 
tissue imaging differed significantly. While the size of 
ischemic edema in the brain parenchyma played no role 
in MR CLEAN, EXTEND-IA required imaging of 
 cerebral perfusion using perfusion CT which had to be 
evaluated using a specific software program. The other 
trials set an ASPECTS threshold value (Figure 3) of 6 
to 10 or 7 to 10, with the recommendation of additional 
imaging of collaterals in ESCAPE.

It is thus likely that thrombectomy will lead to a 
therapeutic benefit in patients with an ASPECTS of 6 to 
10 or 7 to 10 and confirmed proximal vessel occlusion. 
In subgroup analyses, treatment effects in patients with 
an ASPECTS of 8 to 10 were clear (ESCAPE, SWIFT-
PRIME, REVASCAT, MR CLEAN), whereas no effect 
could be shown for scores ranging from 0 to 4 in MR 
CLEAN. The ASPECTS threshold value for treatment 
effect may therefore be between 4 and 6. More research 
is needed to narrow this down further.

Figure 3: The Alberta Stroke Program Early Computed Tomography Score (ASPECTS) describes the spatial extent of ischemic lesions 
in the cortical and subcortical areas supplied by the middle cerebral artery (MCA). It can take values between 10 and 0. Ten is the normal 
score for intact brain parenchyma supplied by the MCA, while 0 corresponds to diffuse ischemia throughout the area supplied by the middle 
cerebral artery (MCA).
Cd: Caudate nucleus; L: Lentiform nucleus; IC: Internal capsule; In: Insular cortex; M1: anterior cortex supplied by MCA; M2: Lateral insular 
cortex; M3: Posterior cortex supplied by MCA; M4, M5, M6: Anterior, lateral, and posterior MCA territories, directly above (rostrally) M1, M2, 
and M3 respectively and therefore also rostral to the basal ganglia. (M1 in the context of ASPECTS does not correspond to the horizontal, 
proximal segment M1 of the middle cerebral artery. The fact that the names are identical are coincidental.) 
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(WAKE-UP) (20). Treatments involving MT for wake-up 
stroke that go beyond the scope of its authorization are 
therefore problematic.

Questions on the technical specifications of MT such 
as the role of aspiration procedures, choice of catheter, 
how to deal with proximal stenoses before the intra-
cranial occlusion is reached—e.g. in the internal carotid 
artery—and method of anesthesia also remain open. 
Lastly, it must be mentioned that the trials of MT were 
conducted in centers that had substantial experience 
with the intervention. Their results cannot therefore 
simply be extrapolated to any location. Quality 
 assurance, including supraregional registers, will be 
very important.

Summary
The trials discussed here demonstrate the effectiveness 
of MT for confirmed occlusion of a large cerebral ar-
tery in the area supplied by the internal carotid artery. 
This holds true for patients with considerable neuro -
logical impairment, a total of 4 to 10% of all stroke pa-
tients. There is no justification for setting a maximum 
age limit. IVT within 4.5 hours of symptom onset 
 remains the first-line treatment for all ischemic stroke 
patients. MT must not hinder IVT. For diagnosis, the 
consequence of the new trials of MT is that multimodal 
imaging of stroke using MRI or CT plus CT angiogram 
and CT perfusion imaging is gaining value and is per-
formed considerably more frequently than in the past. 
Implementing the new treatment options all over 
 Germany requires supraregional stroke units and 
neuro vascular networks to be coordinated with smaller 
and medium-sized hospitals, constructively and on the 
basis of consensus. It is very likely that remuneration 
structures will also need to be adapted. Modern care for 
stroke involves ever greater amounts of teamwork.
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