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Introduction
An ischemic stroke, caused by vascular occlusion resulting in re-
duced perfusion, is a potentially reversible disease that requires to 
be rapidly diagnosed and treated. Untreated, it can lead to persis-
tent disability or death within a very short time. Over the last 2 dec-
ades, the treatment of acute arterial occlusion in stroke patients 
has developed into a safe and highly effective causal therapy, in 
parallel with progress in stroke imaging.

Positive Studies on Endovascular Therapy
In 2015, the randomized controlled multicentre trials MRCLEAN 
[1], ESCAPE [2], EXTEND-IA [3], SWIFT PRIME [4] and REVASCAT 
[5] achieved high recanalization rates in patients with acute prox-
imal anterior circulation artery occlusion using modern thrombec-
tomy devices. Additionally, these trials demonstrated a significant 
benefit of endovascular thrombectomy on patient outcome com-
pared to evidence based standard therapy used so far, including in-
travenous thrombolysis alone. The randomized controlled trial 
THRACE recently confirmed these results [6]. With the exception 
of REVASCAT and ESCAPE (extended time window up to 8 h and 
12 h, respectively), the studies aimed at treating suitable patients 
within a maximum of 6 h at a center with experience in endovascu-
lar therapy [7]. An imaging-based confirmation of an ischemic 
stroke with detection of a proximal artery occlusion in the anterior 
circulation was the crucial requirement to select patients for end-

ovascular thrombectomy in all trials. In detail, different neuroim-
aging approaches, including imaging of the vascular system, infarct 
core and penumbra (EXTEND-IA and in part SWIFT PRIME) or the 
arterial collateral status (ESCAPE) have been used for pretreatment 
patient evaluation (▶Table 1). This seems to be partly reflected in 
the variance of the treatment effect compared to the control 
groups (absolute risk reduction: 11–31 %, ▶Table 1) [8]. The spe-
cific imaging-based inclusion criteria were determined by the re-
sults of previous randomized controlled trials of endovascular 
stroke therapy, such as IMS III [9], MR RESCUE [10], and SYNTHESIS 
EXP [11]. Although the latter did not show a benefit of endovascu-
lar thrombectomy over standard therapy, they have highlighted 
the important role of primary multimodal neuroimaging in pred-
incting therapeutic effect and patient outcome [12].

The above-mentioned findings have been taken into consider-
ation in the recommendations of recently published guidelines. 
The positive results of the current studies now have to be trans-
ferred to the clinical routine [13, 14]. This requires algorithms that 
enable stroke patients to be selected quickly and reliably for effec-
tive and beneficial therapy.

In this review, different techniques of non-invasive neuroimag-
ing and evaluation are explained and their implication in diagnosis 
of acute stroke is demonstrated. The focus is on their role in guid-
ing treatment decision on endovascular thrombectomy. This is dis-
cussed on the basis of the current study situation.
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AbsTr AcT

Six recent randomized controlled trials showed a significant benefit of 
endovascular therapy on patient outcome in acute ischemic stroke due 
to anterior cerebral artery occlusion. The positive results of these trials 
need to be implemented in clinical routine. Suitable patients should be 
evaluated for thrombectomy reliably and fast. All trials confirmed the 
role of pretherapeutic neuroimaging as crucial in selecting patients who 
can benefit from endovascular therapy. However, different approaches 
have been used, including imaging of the target vascular occlusion, 
infarct core, arterial collateral supply or the penumbra. In this review 
we discuss, in the context of the recent trials, the different methods of 
non-invasive neuroimaging and their role in decision-making for 
thrombectomy in acute ischemic stroke.
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Principles of Pretreatment Stroke Imaging
Primary neuroimaging of acute stroke should be available anytime, 
anywhere. Imaging tools should be fast and reliable to perform and 
easy to interpret [15, 16]. Ideally, imaging helps to identify all pa-
tients who will benefit from endovascular therapy and to exclude 
those who will not benefit or who may even be harmed by it. The 
basic information from non-invasive neuroimaging to evaluate end-
ovascular thrombectomy should comprise: 1) exclusion of intrac-
ranial hemorrhage; 2) confirmation and localization of a treatable 
target vessel occlusion; 3) detection of irreversible damaged is-
chemic brain tissue; 4) characterization of salvageable tissue; 5) 
imaging of brain-supplying arteries for intervention planning.

The “Time is Brain” concept stands against the time-consuming 
and mostly sequential generation, processing and interpretation of 
image information. An estimated 1.9 million neurons get lost each 
minute in which stroke is untreated [17]. In IMS III and ESCAPE, the 
probability of achieving a functionally independent outcome de-
creased by 12–15 % and 8.3 %, respectively, every 30-minute increase 
in time-to-reperfusion [18, 19]. In a stepwise diagnostic approach, 

it should therefore be clear before each further step whether the ex-
isting informations reliably indicate or contraindicate thrombecto-
my, and whether additional imaging studies will support deci-
sion-making or just delay initiation of treatment [20].

Noncontrast Computed Tomography
Computed tomography (CT) is commonly used for primary diag-
nosis in patients with acute stroke. It is widely available and can be 
carried out easily and fast. Noncontrast CT (NCCT) enables reliable 
exclusion of intracranial hemorrhage. Local hypoattenuation and 
swelling of brain parenchyma are early indicators of ischemic 
changes [21]. Detection of these early signs of cerebral infaction 
within 6 h of onset of symptoms is highly specific for irreversible is-
chemic brain damage, the extent of which is a decisive determinant 
for the clinical outcome after recanalization therapy [22, 23]. All 
positive randomized controlled thrombectomy studies have used 
information from NCCT for patient selection.

▶Table 1 Imaging-based inclusion criteria and treatment effect of positive endovascular thrombectomy trials.

study
n = number 
of patients

Time from 
onset of 

symptom 
till EVT 
(hours)

Imaging 
modality

Inclusion criteria based on imaging mrs 0–2 after 90 days

Localizaton of 
occlusion 

(n = number/
total EVT)

Infarct size Advanced 
criteria

EVT 
( %)

IVT 
( %)

Arr 
( %)

Mr cLEAN
n = 500

 ≤ 6 NCCT, CTA ICA, M1, M2 
(n = 18/233),  
A1/A2

– – 32.6 19.1 13.5

EscAPE
n = 316

 ≤ 12 NCCT, CTA, 
mCTA

ICA, M1, M2 
(n = 6/163)

NCCT- 
ASPECTS  > 5

(m)CTA: Collateral 
supply  ≥ 50 %

53.0 29.3 23.7

EXTEND-IA
n = 70

 ≤ 6 NCCT, CTA, 
CTP

ICA, M1, M2 
(n = 4/35)

CTP-Infarct 
core < 70 ml

CTP: Mismatch 
ratio  > 1.2
Mismatch  > 10 ml

71.0 40.0 31.0

sWIFT PrIME
n = 196

 ≤ 6 NCCT, CTA, 
CTP, MRT

ICA, M1, M2 *  
(n = 13/93)

NCCT-/
DWI- 
ASPECTS  > 5
NCCT/DWI  ≤ 1/3 
MCA

CTP-Mismatch 
optional *  * 

60.0 35.0 25.0

rEVAscAT
n = 206

 ≤ 8 NCCT, CTA, 
MRT

ICA, M1, M2 *  
(n = 10/102)

NCCT - 
ASPECTS  > 6†
DWI- 
ASPECTS  > 5

CTASI-/CTP- 
ASPECTS  > 6††

43.7 28.2 15.5

THrAcE
n = 414

 ≤ 5 NCCT, CTA, 
MRT

ICA, M1, M2 *  
(n = 2/208)
BA (n = 2/208)

– – 53.0 42.0 11.0

† After randomization of 160 patients, inclusion criteria were adjusted to include patients with ASPECTS> 8.
†† Evaluation of CTASI-ASPECTS in patients whose vascular occlussion study confirming a treatable occlusion was performed beyond 4.5 hours of 
symptom onset.
* Subsequent classification of M2 occlusion by core laboratory.
** CTP-based selection of 71 patients, afterwards CTP imaging optional.
EVT: endovascular thrombectomy, IVT: intravenous thrombolysis, mRS: modified Rankin Scale, ARR: absolute risk reduction, A1 / A2: first and second 
segment of anterior cerebral artery, BA: basilar artery.
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ASPECTS
The Alberta Stroke Program Early CT Score (ASPECTS) is a easy-to-
use and widely established score to systematically quantify the ex-
tent of early ischemic changes in the anterior circulation on NCCT. 
The MCA territory is evaluated on two standardized levels and a total 
of 10 regions. For detection of early ischemic changes, a point on a 
scale of 0–10 is deducted per defined region (▶Fig. 1, 3) [24, 25].

The retrospective analysis of the PROACT II data already indicat-
ed that patients with a small infarct core (ASPECTS > 7) could ben-
efit from endovascular therapy, whereas no benefit could be 
demonstrated for patients with extensive infarct core (AS-
PECTS  ≤ 7) [26]. ASPECTS was a strong predictor of clinical outcome 
and reperfusion after thrombectomy in IMS III [27]. In a joint anal-
ysis of the Penumbra Pivotal and Penumbra Imaging Collaborative 
studies of 2014, only 5 % (n = 2/40) of patients with an initial  
ASPECTS of 0–4 had a favourable clinical outcome after thrombec-
tomy treatment and the mortality rate was 55 % (n = 22/40) [28]. 
MR CLEAN did not define inclusion criteria based on ASPECTS. How-
ever, subsequent analysis of the CT data revealed a median  
ASPECTS of 9 (interquartile range (IQR) 7–10), and a subgroup anal-
ysis showed that there was no significant treatment effect for an 
ASPECTS  < 5 (adjusted odds ratio (OR): 1.09; 95 % confidence inter-
val (CI): 0.14–8.46; n = 28 patients) [1]. With ASPECTS  > 5 in ESCAPE 
and SWIFT PRIME as well as ASPECTS  > 6 in REVASCAT, a threshold 
was defined in each of these trials to exclude patients with extensive 
early ischemic changes. Subgroup analyses demonstrated no signif-
icant change of positive treatment effect comparing size of infarc-
tion above these ASPECTS thresholds [2, 4, 5]. This was confirmed 
in a recent meta-analysis of the 5 randomized controlled trials of 
2015. Patients with small (ASPECTS 9–10) and moderate (ASPECTS 
6–8) infarct size had a similar positive treatment effect (OR: 2.66; 
95 % CI: 1.61–4.40 and OR: 2.34; 95 % CI: 1.68–3.26) [29].

However, the meta-analysis of n = 121 randomized patients with 
ASPECTS 0–5 in these studies could not confirm a significant treat-
ment effect of thrombectomy (OR: 1.24; 95 % CI: 0.62–2.49) [29]. 
THRACE, like MR CLEAN, retrospectively analyzed the initial 
 ASPECTS. Interestingly, approximately 30 % (n = 17/57) of the ran-
domized patients with ASPECTS 0–4 had a favourable clinical out-
come [6]. Further trials are needed to specifically investigate this 
patient subgroup.

Hyperdense Artery Sign
The phenomenon of a thrombus that can be seen to be denser in 
comparison to circulating blood and the surrounding soft tissue on 
NCCT is described as the “hyperdense artery sign” [21]. The hyper-
dense artery sign is highly specific but not very sensitive to vessel 
occlusion of the middle cerebral artery [30, 31]. Calcified plaques 
and high hematocrit levels also lead to vascular hyperdensities that 
can mimic a hyperdense artery sign. In the recently published ran-
domized controlled thrombectomy study THERAPY [32], the de-
tection of a  ≥ 8 mm-long hyperdense artery sign, which was con-
firmed by an additional CT angiography as a sign of vessel occlu-
sion, was defined as an inclusion criterion. However, this study was 
terminated prematurely after the publication of MR CLEAN and did 
not achieve its primary endpoints with an underpowered sample.  
None of the 6 positive randomized controlled trials considered the 
hyperdense artery sign as a selection criterion.

Computed Tomography Angiography
Computed tomography angiography (CTA) with contrast-enhanced 
imaging of the cerebral blood vessels is quick to perform and has 
high sensitivity and specificity for the detection of intracranial artery 
occlusion [33]. In IMS III with overall neutral results, a post hoc anal-
ysis indicated that thrombectomy in patients with proximal intrac-
ranial artery occlusion detected by CTA could lead to higher recanal-
ization rates and a better clinical outcome compared to intravenous 
thrombolysis alone [34].

Localization of Vascular Occlusion
All positive thrombectomy studies used CTA to identify patients 
with a treatable target vessel occlusion in the intracranial carotid 
artery (ICA) and the main trunk (M1 segment) of the middle cere-
bral artery (MCA). The results of the trials clearly confirm that pa-
tients with an occlusion in these intracranial arterial segments sig-
nificantly benefit from endovascular thrombectomy [29].

M2 Occlusion
In the trials, only a few patients with an isolated occlusion in the M2 
segment of the MCA were randomized (▶Table 1). Interestingly , 
in SWIFT PRIME, REVASCAT and THRACE these occlusions were pri-
mary classified as M1 and only subsequent as M2 by the respective 
core laboratory [4-6]. The meta-analysis of the 5 positive studies 
of 2015, which comprised a total of n = 94 patients with an M2 oc-
clusion, could not demonstrate a significant treatment effect of 
thrombectomy (OR: 1.28; 95 % CI: 0.51–3.21) [29].

Tandem Occlusion
A meta-analysis of the positive trials involved a total of n = 122 pa-
tients who had an ipsilateral occlusion of the extracranial ICA in ad-
dition to intracranial occlusion. These patients with so-called “tan-

▶Fig. 1 Alberta Stroke Program Early CT Score. Nonenhanced 
computed tomography with the 10 regions of the Alberta Stroke 
Program Early CT Score (ASPECTS) in the ganglionic and supragangli-
onic level of the MCA territory [24, 25]. C: caudate nucleus, L: lenti-
form nucleus, IC: internal capsule, I: insula; M1-M6: Cortex regions of 
the MCA territory.
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dem occlusion” benefited equally from thrombectomy as patients 
(n = 1 132) with an isolated intracranial occlusion (OR: 2.95; 95 % CI: 
1.38–6.32 and OR: 2.35; 95 % CI: 1.68–3.28, p-value = 0.17). The re-
sults indicate that these patients should not be excluded from treat-
ment [29]. It is currently unclear whether the acute intervention 
should  include,  in  addit ion  to  the  recanal izat ion of  
the intracranial artery occlusion, a stent-protected angioplasty of 
the ICA.

CTA and Intervention Planning
The CTA provides important information for the planning and prepa-
ration of the endovascular procedure. Knowledge about the individ-
ual anatomy and pathology of the aortic arch, neck vessels and the 

target vessel allow the interventionist to choose the appropriate 
treatment strategy. Moreover, detailed pretreatment CTA-imaging 
of these vascular structures can reduce the duration of endovascu-
lar procedure [35, 36].

“tissue window”
In addition to direct imaging of the vascular system, CTA can  
also provide important indirect information on the status of the brain 
tissue. In the source images of the CTA (CTASI), a decreased enhance-
ment of the brain parenchyma is a surrogate for  reduced cerebral 
blood volume. The CTASI are more sensitive in detection of early is-
chemic changes compared to NCCT [37, 38]. In  REVASCAT, a CTA-
SI-ASPECTS was added to NCCT in patients whose vascular occlus-

▶Fig. 2 Collateral status. Computed tomographic angiography in a maximum intensity projection (MIP) of 3 patients with visualization of the 
collaterals  in the right MCA territory with occlusion of the main trunk (yellow arrow). The first patient (top) has a good (collateral filling as in the 
non-affected hemisphere), the second patient has moderate and the third patient poor collateral blood flow (collaterals > 50 % or  < 50 % compared to 
the unaffected hemisphere) [46].

good

moderate

poor
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sion study confirming a treatable occlusion was performed beyond 
4.5 hours of symptom onset [5]. On this issue no results have been 
published so far. Quantification of the infarct core depends on CTA 
acquisition protocol. Fast image acquisition and decreased injec-
tion flow rates of contrast medium can lead to an overestimation 
of the infarct size in the CTASI [39].

Collateral Status
The size and temporal progression of cerebral infarction after ar-
terial  occlusion are dependent on the arterial collateral supply, 
which is highly variable between individuals [40]. A good leptome-
ningeal collateral flow in pretreatment imaging is associated with 
a higher probability for a good clinical outcome, lower mortality 
and a lower risk of hemorrhage in stroke patients treated with end-
ovascular thrombectomy [41].

In the CTA, the grade of leptomeningeal collateral flow can be  
estimated and quantified using the ratio of retrograde pial arterial fill-
ing distal to vascular occlusion compared to the contralateral asymp-
tomatic hemisphere [42] (▶Fig. 2). In ESCAPE, in addition to NCCT, 
a CTA-based visualization of collateral flow was used for assessing the 
brain tissue status. Patients who had no or only minimal collateral fill-
ing in more than 50 % of the affected MCA territory compared to the 
contralateral hemisphere were not included in the study [2].

However, determining the collateral status in the conventional sin-
gle-phase CTA has limitations. When filling of the pial arteries distal 
to the occlusion is detected too early in a single frame image acqui-
sition, the actual grade of collaterals is underestimated. A dynamic 
CTA, which can be obtained, for example, from the data sets of CT 
perfusion (CTP), offers better visualization of the actual extent of col-
laterals. Moreover, results of dynamic CTA have higher correlation to 
imaging and clinical outcome [43, 44]. In ESCAPE, the majority of pa-
tients were examined with a multiphase (m) CTA. This technique al-
lows fast and time-resolved assessment of the collaterals. Compared 
to the dynamic CTA from CTP data sets, mCTA requires lower radia-
tion dose and no additional administration of contrast agent[45].

The positive results of ESCAPE indicate that patients, who will 
probably benefit from endovascular treatment 6-12 h after symp-
tom onset, can be identified by the combination of ASPECTS and CTA 
collaterals [2]. A recent post-hoc analysis of MR CLEAN confirmed 
the high prognostic value of collateral status for clinical outcome. 
Pretreatment CTA collateral status significantly modified treatment 
effect of endovascular thrombectomy (p-value = 0.038). The bene-
fit of thrombectomy was greatest in patients with good collateral 
flow (OR: 3.2; 95 % CI: 1.7–6.2), whereas treatment benefit was less 
or not detectable in patients with poor or absent collateral flow (OR: 
1.2; 95 % CI: 0.7–2.3 and OR: 1.0; 95 % CI: 0.1–8.7) [46].

Computed Tomography Perfusion
Computed tomographic perfusion (CTP) is a dynamic contrast-en-
hanced imaging technique, from which various parameters can be 
calculated that represent the current perfusion status of the brain 
tissue. Experimental investigations have shown that in acute is-
chemic stroke, the infarct core can be distinguished from a  adjoin-
ing critically hypoperfused penumbra. This endangered brain tis-
sue can be potentially recovered by early reperfusion. Without rep-
erfusion, the infarct core expands into the area of   the penumbra 

depending on duration and severity of reduced perfusion [47].
Modern CT scanners and evaluation algorithms allow a fast 

whole-brain per fusion imaging with largely automated, 
 user-independent identification and quantification of the infarct 
core and penumbra [48, 49]. There is, however, no consensus as to 
which perfusion parameters and threshold values   are most suita-
ble for the depiction of the tissue status [50, 51]. EXTEND-IA and 
SWIFT PRIME used a CTP with automated data processing [3, 4] for 
patient selection. The applied software (RAPID, iSchemaView, Inc., 
Redwood City, California, USA) calculates the infarct core using a 
relative cerebral blood flow (rCBF)  < 30 % compared to the con-
tralateral hemisphere and uses a time to maximum (Tmax)  > 6 s to 
visualize the penumbra (▶Fig. 3). Both parameters and the respec-
tive thresholds were assessed as reliable surrogate markers in var-
ious studies [52–56]. EXTEND-IA selected study participants on 
the basis of CTP and defined the inclusion criteria for the infarct 
core as  < 70 milliliters (ml), a mismatch ratio (penumbra/infarct 
core)  > 1.2 and an absolute mismatch volume (penumbra – infarct 
core)  > 10 ml. The acquisition, evaluation and interpretation of 
these data took less than 15 min. The results show that automated 
CTP imaging is applicable to asses patients with acute stroke, in 
particular to evaluate them for endovascular thrombectomy. It can 
be performed quickly and identifies patients who greatly benefit 
from endovascular therapy compared to intravenous thrombolysis 
alone (▶Table 1) [3, 49].

In MR CLEAN, an optional CTP was performed in 66.8 % 
(n = 334/500) of the study patients before randomization. Subse-
quent evaluation of n = 175 available CTP data sets confirmed that 
an extensive infarct core is associated with poor clinical outcome. 
However, the CTP parameters for infarct core, penumbra or mis-
match did not have any additional impact on the treatment effect 
of thrombectomy. CTP selection would have excluded patients 
from endovascular treatment who had in fact benefited from ther-
apy [57]. Finally, the further advantage of adding CTP for guiding 
treatment decision on endovascular thrombectomy in these pre- 
selected study groups remains open. However, it is clear that the 
achievement of a higher treatment effect by application of ad-
vanced inclusion criteria is likely to exclude patients who might 
benefit from the therapy [3].

Magnetic Resonance Imaging
With diffusion-weighted imaging (DWI), magnetic resonance 
 imaging (MRI) allows for highly specific and sensitive detection of 
ischemic changes within the first 6 h after onset of symptoms [58]. 
A multiparametric stroke protocol consisting of DWI, fluid attenu-
ated inversion recovery (FLAIR) or T2-weighted sequence, blood- 
sensitive sequence (susceptibility-weighted imaging (SWI) or  
T2*-weighted sequence), vascular imaging (contrast-enhanced, 
time-of- flight or phase-contrast angiography) and perfusion imag-
ing (PWI) can provide the relevant information for endovascular 
thrombectomy evaluation. In fact, examination times of less than 
10 min can be achieved [58, 59]. Significant limitations of MRI in 
acute stroke imaging include limited availability, costly examination 
preparation and patient monitoring as well as contraindications for 
various implants, such as cardiac pacemakers and high susceptibil-
ity to movement artefacts [16, 60].
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SWIFT PRIME and REVASCAT also selected MRI-based inclusion cri-
teria and acquired MRI data sets of 17.4 % (n = 34/195) and 5.3 % 
(n = 11/206) of randomized patients [4, 5, 12]. However, no meaning-
ful information can be derived from these subgroups due to the small 
number of patients. The randomized controlled trial MR RESCUE, 
which included the majority of patients based on MRI perfusion im-
aging (80 %, n = 94/118), did not show a benefical effect of endo-
vascular thrombectomy, but the rate of recanalization was very low 
[10]. Despite the limited study situation, MRI, if performed with-
out substantial delay, seems suitable for adequate evaluation of 
patients before thrombectomy. Equivalence or superiority to im-
aging with the better-studied NCCT and CTA has not yet been sci-
entifically investigated.

Imaging and Extended Time Window
The average time from symptom onset to the start of thrombecto-
my (time of groin puncture) was 285 min (standard deviation: 210–
362 min) in the 5 positive studies of 2015, with suitable  patients in 
MR CLEAN, SWIFT PRIME and EXTEND-IA being included up to 6 h 
after onset of symptoms [1, 3, 4, 29]. REVASCAT randomized 9.7 % 
(n = 20/206) of the study participants in an extended time window 
of 6–8 h, but did not publish an independent analysis of this small 
group of patients [5]. In ESCAPE, 15.5 % (n = 49/315) of the patients 

were included in the 6–12 h time window based on the combination 
of ASPECTS and CTA collateral status. Subgroup analysis indicated a 
trend in favor of thrombectomy (RR: 1.7; 95 % CI: 0.7–4.0) [2]. The 
meta-analysis of n = 208 patients from the trials published in 2015, 
with a time window  > 5 h from symptom onset to randomization, 
also indicated that selected  patients can benefit from thrombecto-
my (OR: 1.76; 95 % CI: 1.05–2.97) [29]. Further evidence of a possi-
ble beneficial effect of thrombectomy in the extended time window 
was provided by the subsequent analyses of DEFUSE 2 [61]: In pa-
tients with a mismatch profile in perfusion imaging, the relationship 
between endovascular reperfusion and good clinical outcome was 
not time-dependent [62] and patients in a time window  > 6 h may 
benefit from thrombectomy [63].

Indicators for Complications of 
Thrombectomy
Overall, the 6 positive thrombectomy studies reported low com-
plication rates and a good safety profile of the thrombectomy de-
vices used [1–6]. Periprocedural complications of mechanical re-
canalization of intracranial artery occlusions that may result in in-
creased morbidity and mortality include intracranial hemorrhage, 
embolism in adjoining vessel territories, arterial wall damage and 

▶Fig. 3 Imaging of infarct core and penumbra. Noncontrast computed tomography (NCCT) and parameter maps of a computed tomographic 
perfusion (CTP) of a patient with an acute ischemic stroke in the right MCA territory an the NCCT follow-up 24 h after thrombectomy (24 h F/U). In 
NCCT, hypoattenuation can be found in the caudate nucleus, lentiform nucleus, insula and in the cortex region M4 of the right MCA territory  
(ASPECTS 6). The parameter maps of CBF and Tmax indicate a large area of hypoperfusion in the right MCA territory with involvement of the basal 
ganglia. The CBV parameter map indicates a hypoperfusion area comparable to NCCT findings. The Tmax/rCBF mismatch visualises the infarct core 
(rCBF  < 30 %) in red and the penumbra (Tmax > 6 s) in green. In the NCCT 24 h F/U after successful thrombectomy, infarction with partial hemorrhag-
ic transformation is shown. The final infarct size corresponds to the infarct core on CTP.

NCCT Cerebral Blood Flow
(CBF)

Cerebral Blood Volume
(CBV)

Time to Maximum
(Tmax)

Tmax/rCBF-
Mismatch

NCCT
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0.00

100.00

0.00

100.00

0.00

6.00

0.00

6.00

0.00

6.00

0.00

12.00

0.00

12.00

0.00
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vasospasm [64, 65]. The identification and evaluation of risk fac-
tors for these complications in pretreatment imaging could help to 
identify patients who might be harmed by thrombectomy. In fact, 
there are indicators, for instance, of a correlation between the col-
lateral status and parameters of the CTP, on the one hand, and the 
risk of intracranial hemorrhage, on the other [41, 66]. Further stud-
ies are needed to assess the role of imaging-based predictors for 
complications of mostly multifactorial origin and to establish an 
individual risk stratification for thrombectomy.

Conclusion and Outlook
The recently published randomized controlled trials confirm that 
selected patients with a proximal anterior circulation artery occlu-
sion (ICA, M1) and small infarct core benefit from endovascular 
thrombectomy in a time window up to 6 h after onset of symptoms. 
These patients should be immediately identified with non-invasive 
neuroimaging including imaging of the vascular system and treat-
ed at appropriate centers. In addition to obligatory detection of a 
treatable target vessel occlusion and exclusion of other causes for 
acute neurological symptoms, different imaging-based approach-
es can be used in order to select patients who are likely to benefit 
from endovascular therapy with great probability. The current tri-
als were primarily designed to evaluate the therapy strategy. Which 
imaging strategy is most suitable for guiding treatment decision 
on endovascular thrombectomy cannot be conclusively assessed 
on the basis of the available data. Studies such as SELECT (Clinical-
Trials.gov Identifier: NCT02446587) or PRACTISE (ClinicalTrials.gov 
Identifier: NCT02360670) are currently recruiting study partici-
pants to answer this question.

Obviously, most patients in the positive trials were evaluated 
for endovascular treatment on the basis of CT imaging. MR CLEAN 
and THRACE, the studies with the least selective inclusion criteria 
in pretreatment imaging (▶Table 1), have already demonstrated 
a clear treatment effect for thrombectomy, with the majority of the 
patients having a small infarct core. A good clinical outcome after 
thrombectomy was associated with a small infarct core in the pos-
itive studies. The size of early ischemic changes can be estimated 
on NCCT (e. g., ASPECTS), with DWI, via perfusion imaging with au-
tomated processing (e. g., rCBF  < 30 %) or indirectly via CTA (e. g., 
CTASI). However, each of these methods has limitations with re-
gard to diagnostic safety.

Further studies are needed to clarify if patients with an exten-
sive infarct core (e. g., ASPECTS  ≤ 5, absolute volume  > 70 ml) also 
benefit from thrombectomy and why some patients do not have a 
good clinical outcome after rapid recanalization despite small ini-
tial infarct core. Additional perfusion imaging or visualization of 
collaterals could play an important role in these patient groups.

Perfusion imaging and a combination of ASPECTS and CTA col-
lateral status also seem to be able to identify patients who may 
benefit from endovascular thrombectomy in an extended time win-

dow ( > 6 h) or in case of unclear symptom onset. Trials such as 
DAWN (ClinicalTrials.gov Identifier: NCT02142283) or DEFUSE 3 
(ClinicalTrials.gov Identifier: NCT02586415) that, in a time window 
of 6–24 h, or 6–16 h, respectively, after onset of symptoms, rand-
omize patients for thrombectomy treatment based on perfusion 
imaging will answer these questions.

The value of thrombectomy in M2 occlusion is unclear. Mechan-
ical recanalization of M2 occlusions appears to be feasible in select-
ed patients and has a good safety profile [67]. Currently, no evi-
dence-based recommandations can be given.

The positive results of recent thrombectomy trials are based on 
the endovascular treatment of arterial occlusion in the anterior cir-
culation and ultimately do not allow any final conclusions on patients 
with an intracranial occlusion in the vertebrobasilar circulation. The 
ENDOSTROKE registry reported high recanalization rates for 
thrombectomy in patients with basilar artery occlusion [68]. Finally, 
the results of BASICS [69] (ClinicalTrials.gov Identifier: NCT01717755) 
and other randomized controlled trials are needed to clarify the role 
of thrombectomy in the posterior circulation as well as the benefits 
of pretreatment imaging on selection of suitable patients.

Practical Conclusions
Based on the current study situation and guidelines [13], the fol-
lowing recommendations for neuroimaging in guiding treatment 
decision on endovascular thrombectomy arise:

 ▪ Patients with acute stroke should immediately receive 
non-invasive neuroimaging.

 ▪ In ischemic stroke, vascular imaging (CTA, MRA) should be 
performed immediately to select patients for thrombectomy.

 ▪ Thrombectomy is recommended for patients with intracranial 
large-vessel occlusion (ICA, M1, restricted for M2) and 
imaging signs of a small infarct core (e. g., ASPECTS > 5) in a 
time window of up to 6 h after onset of symptoms.

 ▪ Patients in an extended time window ( > 6 h) or with extensive 
infarction (e.g., ASPECTS  ≤ 5) should not, as a matter of 
principle, be excluded from thrombectomy. Advanced 
imaging (perfusion, collaterals) can be used to select patients 
with salvageable brain tissue.

 ▪ Patients with acute basilar artery occlusion should be treated 
primarily with endovascular thrombectomy or included in 
randomized trials.
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