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Abstract 

Background Groundbreaking study results since 2014 have dramatically changed the therapeutic options in acute 
therapy for severe ischemic stroke caused by large vessel occlusion (LVO). The scientifically proven advances in stroke 
imaging and thrombectomy techniques have allowed to offer the optimal version or combination of best medical 
and interventional therapy to the selected patient, yielding favorable or even excellent clinical outcomes within time 
windows unheard of before. The provision of the best possible individual therapy has become a guideline-based 
gold standard, but remains a great challenge. With geographic, regional, cultural, economic and resource differences 
worldwide, optimal local solutions have to be strived for.

Aim This standard operation procedure (SOP) is aimed to give a suggestion of how to give patients access to and 
apply modern recanalizing therapy for acute ischemic stroke caused by LVO.

Method The SOP was developed based on current guidelines, the evidence from the most recent trials and the 
experience of authors who have been involved in the above-named development at different levels.

Results This SOP is meant to be a comprehensive, yet not too detailed template to allow for freedom in local adap-
tion. It comprises all relevant stages in providing care to the patient with severe ischemic stroke such as suspicion and 
alarm, prehospital acute measures, recognition and grading, transport, emergency room workup, selective cerebral 
imaging, differential treatment by recanalizing therapies (intravenous thrombolysis, endovascular stroke treatmet, or 
combined), complications, stroke unit and neurocritical care.

Conclusions The challenge of giving patients access to and applying recanalizing therapies in severe ischemic stroke 
may be facilitated by a systematic, SOP-based approach adapted to local settings.

Keywords Large vessel occlusion, Severe stroke, Acute ischemic stroke, Intravenous thrombolysis, Endovascular 
stroke treatment, Stroke thrombectomy

*Correspondence:
Julian Bösel
mail@julian-boesel.de
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s42466-023-00245-9&domain=pdf
http://orcid.org/0000-0003-2326-0473


Page 2 of 11Bösel et al. Neurological Research and Practice            (2023) 5:19 

Introduction
Patients with stroke symptoms will most likely be 
brought to the attention of medical services by the 
alarming call of family, friends, bystanders, a consulted 
medical practitioner or, less likely, the patient him-
self. Emergency medical service (EMS) providers will 
then often be the first professionals to see the patient 
and have to confirm or reject suspicion of stroke on 
clinical grounds and grade that stroke. Unless imag-
ing can be done on the spot [as by mobile stroke unit 
(MSU) ambulances], it will remain uncertain whether 
the stroke is caused by ischemia [80%, acute ischemic 
stroke (AIS)] or hemorrhage [intracerebral hemorrhage 
(ICH)]. It is possible, however, to confidently grade the 
stroke severity. In the primary hospital, the patient has 
to receive an adequate emergency room (ER) workup 
and rapid cerebral imaging, including examination of 
the cerebral vessels. This will determine, among other 
factors, whether and what kind of recanalizing treat-
ment is acutely indicated. This may lead to a second-
ary transfer, if that primary hospital is not capable of 
endovascular stroke treatment (EVT). The transfer may 
be preceded by the start of intravenous thromboly-
sis (IVT). Depending on the clinical, radiological, and 
local scenario, as well as the time from stroke onset, the 
patient may receive thrombectomy, a complex cathe-
ter-based therapy involving not only an interventional 
neuroradiologist and angiography assistant, but also a 
multidisciplinary team taking care of sedation, airway 
and possibly ventilation, blood pressure, etc. before, 
during and after the procedure. Thereafter, depending 
on the success of the recanalizing therapies, the clinical 
state of the patient and other peri-/postinterventional 
factors, the patient needs to be transferred to and fur-
ther treated on a stroke unit (SU) or a (neuro) critical 
care unit (NCCU). This chain of action must be applied 
as rapidly as possible. The following is for the most 
part based on current guidelines of acute therapy for 
AIS such as those from Germany [1], USA [2], and the 
European Stroke Organization (ESO) [3, 4].

Definition Endovascular stroke therapy (EVT): When-
ever EVT is used in the following, it is meant to be syn-
ominous with mechanical thrombectomy, i.e. removal of 
a brain vessel—obstructing clot by stent retrieval, aspi-
ration or other techniques via a catheter. The broader 
term intra-arterial stroke therapy (IAT) may stand for or 
include the application of thrombolytics intra-arterially 
via a catheter, but its evidence is at no means comparable 
to that of mechanical thrombectomy. If IAT is addressed, 
this is specifically clarified in the following comments. To 
date, IAT is in most centers regarded a rescue therapy in 
case mechanical thrombectomy fails.

Flow chart
The steps of this suggested standard operating procedure 
can be found in Fig. 1. The following text addresses foot-
notes within the figure.

Comments on flow chart

 1. When taking the history from either the patient or 
the observers, the following items are particularly 
important to ask for or take in over the phone or by 
the EMS/emergency physician on the scene: Clini-
cal syndrome (especially paresis, speech-/language 
disturbance, gaze abnormality), time and acuity of 
onset or last time seen well, premedication (par-
ticularly anticoagulation), past medical history with 
focus on allergies to contrast agents and alteplase 
contraindications (recent trauma, stroke, surgery, 
cancer, coagulopathy), prestroke general condition 
(status of dependency, etc.), and contact number of 
next of kin for further questions.

 2. Recognition of the stroke as opposed to other med-
ical conditions, i.e. establishing justified suspicion 
of stroke, is the first important step by those pro-
fessionals making the first contact. Several clini-
cal tools (scores) have been investigated for stroke 
recognition by the EMS. A Cochrane analysis 
from 2019 suggested that the Cincinnati Prehos-
pital Stroke Scale (CPSS) had the highest sensitiv-
ity when performed in the ambulance, but other 
scores are also in widespread use [5]. Another 
common and validated recognition score recom-
mended in guidelines [1] is the Face-Arm-Speech-
Time (FAST) test.

 3. Prehospital workup should not be different in 
patients with severe or mild to moderate stroke 
syndrome as the latter stroke patients may also be 
eligible for recanalizing therapies. The overall con-
cept must be to diagnose and process the patient 
as fast as possible to the closest stroke unit. All 
patients should receive a quick standard EMS rou-
tine check (such as ABCDE). In some patients, vital 
functions are compromised, e.g. due to loss of air-
way protective reflexes and aspiration, decline in 
level of consciousness in basilar artery occlusion, 
hypertensive crisis, or acute comorbidities such 
as myocardial infarction. In these cases an emer-
gency physician must be called onto the scene to 
provide life supporting measures if these cannot be 
provided by the EMS paramedics (national differ-
ences). The EMS has to inform the target hospital 
of the arrival of a patient with suspected stroke and 
of the estimated time of arrival.
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Suspicion of stroke, Alarm to EMS

History (from observers)1

• Features: Facial drop? Weakness in extremities? Speech impairment? Abnormal gaze?
• Time of onset or last time seen well? Premedication? History of recent trauma / surgery / cancer?

Recognition and Grading2

• Recognition scores: FAST, CPSS, etc.; Grading scores: RACE, LAMS, etc.

IVT 15, *

No

Yes

Exclusion
of contraindications against

IVT14 ?

No

Yes

Yes

Brain Imaging by CT or MRI7

NoNo
< 4.5 h ?

Yes

Yes

• VERY 
individual 
decision13

involving
perfusion
imaging
• possibly
IVT
• possibly
EVT

Admission to Stroke Unit or Neurocritical Care Unit19

Emergency room work-up6

• Neurological and quick physical examination; ABC, NIHSS
• Emergency blood tests: BGA, CBC, electrolytes, creatinine, glucose, TSH, (PoC) coagulation, etc.
• Temperature; Monitoring: BP, EKG, HR, SpO2; 2 peripheral lines L/R; oxygen if hypoxic

YesNo

Transport to nearest appropriate hospital with a Stroke Unit3,4,5

Differential Recanalizing Therapy11

Anterior Circulation LVO11, onset...

No

No

Exclusion
of ICH, advanced infarct or stroke mimic ?

No

Yes

Transfer ICH and advanced AIS8

Advanced Brain Imaging by CT- or MRI- Angiography and/or Perfusion9

Posterior Circulation LVO12, onset...

< 4.5 h ?likely 4.5 h – 24 h?

Yes

No

12 h –
24 h?

Mismatch9 ?

EVT16,17, Periinterventional Management of sedation and BP18

< 9h ?

Yes

Totally
unclear

>24h

THERAPY

DIAGNOSIS

Transport to EVT-capable center

• VERYstrict and 
individual IVT 
decision, caution !

4.5 h –
12 h?

Yes

No

Treat stroke mimic as adequate8

EVT-capability?
(by own intervention service or mobile intervention team10)

Yes

* Possibly immediate IVT

Fig. 1 SOP Recanalizing therapy for large vessel occlusion acute ischemic stroke
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 4. To differentiate between stroke patients with LVO 
and those without, many scales have been stud-
ied. An observational study from the Netherlands 
(PRESTO) compared eight different scales and 
found that some scales can detect anterior LVO 
with acceptable to good accuracy [6]. Statistical 
models with assumptions on process effects were 
used to define, whether a direct-to-center approach 
might be beneficial for patients that were detected 
as “likely LVO” with a prehospital scale [7]. Some 
of these models suggest such a benefit, particularly 
in urban regions [7–9]. However, a direct-to-center 
approach on the basis of a scale trades one recana-
lizing treatment (delaying IVT) against another 
one (accelerating EVT). Only one randomized 
controlled trial (RCT) investigating clinical out-
come has been conducted so far looking into the 
direct-to-center approach. The RACE-CAT trial 
randomized patients with a RACE score of ≥ 5pts 
into prehospital transfer to a comprehensive stroke 
center (CSC) versus transfer to the closest IVT-
capable center (and subsequent potential inter-
hospital transfer to a CSC). Clinical outcome was 
not improved by the direct-to-center approach in 
ischemic stroke patients. And patients with hemor-
raghic stroke even seemed to come out worse [10]. 
Therefore, further trials on clinical outcome are 
mandatory to investigate the utility of prehospi-
tal scales with regard to outcome before this may 
translate into a new strategy of prehospital routing. 
Guidelines therefore suggest transporting a patient 
suspected of having a stroke to the closest IVT-
capable stroke center irrespective of the severity 
of the stroke. Regional and situative particularities 
may nevertheless support the use of prehospital 
severity scales to help with transport decisions.
 It is of utmost importance that secondary trans-
port must not be delayed in patients with LVO who 
receive IVT in a primary center. Networks and 
SOPs between centers can help to solve this prob-
lem.

 5. A different approach is that of MSUs. An ambu-
lance is equipped with a CT-scanner that provides 
non-contrast CT (NCCT) and CT-Angiography 
(CTA) imaging as well as a point of care (PoC) lab-
oratory. In this setting, patients can be reliably 
identified as stroke patients with or without LVO. 
Then, IVT can be given on scene and in case of 
LVO, a direct transfer to an EVT-capable center 
can be initiated. Several trials showed that time 
delay until IVT is reduced and clinical outcome is 
significantly improved [11–13]. Therefore, in areas 
in which stroke volume is high (e.g. metropolitan 

areas), MSU should be considered, if the means for 
the setup are available.

 6. After admission to the primary (and possibly defin-
itive) hospital, the patient needs to receive a rapid 
yet thorough ER workup. After checking and possi-
bly securing vital functions, taking the temperature 
and initiating monitoring [blood pressure (BP), 
EKG and heart rate, respiratory rate, oxgen satura-
tion  (SpO2)], this should involve a set of laboratory 
tests including coagulation parameters, possibly 
including Xa acivity tests. The latter is of particu-
lar importance if the patient is taking oral antico-
agulants. While these still constitute an official 
contraindication against IVT (details on this are 
beyond the scope of this article) they do not seem 
to be problematic with regard to off-label IVT if 
no effective blood levels are seen, even following 
reversal or not [14]. Again, local concepts of ER 
workups may differ. Stroke team training by simu-
lation workshops [15], standardization by “Code 
Stroke” or fast-track pathways such as the “One-
Stop-Shop“ concept [16] and other approaches to 
streamline the process [17, 18] are ways to speed 
up stroke logistics in the ER and cut down treat-
ment times. After bedside diagnostics, the patient 
needs to be prepared for brain imaging and fur-
ther treatment by at best two peripheral venous 
lines. Oxygen by mask should only be delivered to 
patients who are hypoxic, but not routinely. Prefer-
rably, workup elements are combined in one place, 
such as the CT—  or angiography suite, a concept 
that has proved to safe valuable time [19].

 7. It is of very high importance that the patient 
receives rapid and adequate cerebral imaging. In 
the past and still customary in many primary hos-
pitals today, NCCT combined with CTA is still the 
imaging method of choice for the primary assess-
ment of any patient with clinical criteria qualify-
ing for recanalization treatment. In Germany, it is 
now a prerequisite for any SU to be able to do CT- 
or MR-Angiography (MRA) 24/7. CT-Perfusion 
(CTP) can be used as an advanced imaging method 
useful in special scenarios like prolonged or unclear 
time windows of stroke onset (see also 10.). Above 
all, imaging has to rule out ICH or readily appre-
ciable „stroke mimics“ (such as migraine, postictal 
state or subarachnoid hemorrhage) or else confirm 
the suspicion of AIS. Some stroke mimics may not 
present with abnormalities on imaging, such as 
epileptic seizures, however only few patients with 
presumed stroke are ultimately not diagnosed with 
a stroke and the complication rate associated with 
IVT in stroke mimics is very low [20]. NCCT can 
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be used to assess infarct volume with standardized 
scores such as the Alberta Stroke Program Early 
CT Score (ASPECTS) [21]. An important result 
of primary imaging in patients with severe AIS is 
advanced infarct. The guidelines of the European 
stroke organization (ESO) recommend EVT for 
patients with ASPECTS above 5 or infarct core 
below 70 ml [22]. Although there remains contro-
versy as to the indication of EVT in large infarcts, 
and advanced imaging like CTP which may be 
needed to better identify infarct core and salvage-
able tissue to support the indication for EVT, the 
evidence for beneficiary effects on patient out-
come after EVT for LVO in larger infarct is grow-
ing. Recent RCTs showed that even in patients with 
large infarcts (dASPECTS 3–5) EVT resulted in 
better functional outcomes than medical care alone 
[23–27] and might soon change current guideline 
recommendations. However, in some of these tri-
als, rates of symptomatic ICH were numerically 
and of asymptomatic ICH significantly higher in 
thrombectomized patients, and there was no effect 
on rates of decompressive hemicraniectomy.
 Although we consider CT + CTA the method 
of choice for diagnosis of stroke and LVO, MRI 
including MRA is a feasible alternative in some 
hospitals and may facilitate the distinction between 
stroke and some stroke mimics as well as identify 
patients with mismatch between infarct core and 
salvageable brain tissue (see also 13.).

 8. Patients in which imaging has shown ICH need to 
be managed according to current ICH guidelines, 
with the acute main measures of reducing BP and 
possibly normalizing coagulation. They need to the 
managed in a SU or -if space-occupying- a NCCU. 
Those with stroke mimics such as migraine or sei-
zures should certainly be managed according to 
these conditions. Some stroke mimics may demand 
advanced imaging to be diagnosed. However, if 
doubt remains and the suspicion of AIS cannot 
be ruled out, IVT should still  be aimed for and 
appears to be quite safe (see also 7.). Patients with 
advanced AIS, i.e. those with no signs of salvage-
able brain tissue, either need to be directly admit-
ted to the SU or the NCCU, depending on their 
clinical state, without further attempts of recanali-
zation (see also 7.). Admission to the NCCU is rec-
ommended in patients who are compromised with 
regard to their vital functions as often in brainstem 
stroke (including severe dysphagia and need of 
artificial airway protection), have space-occupying 
infarcts, are likely to need neurosurgical interven-

tions such as decompression, or have other reasons 
to receive critical care (see also 19.).

 9. In patients with unclear or prolonged time win-
dow (exceeding 4.5  h in patients planned for IVT 
or 6  h for EVT) it is reasonable to exclude larger 
infarcts or those without salvageable brain tissue 
from recanalization therapies. Mostly this is done 
using perfusion imaging and comparing differ-
ent criteria from this imaging (e.g. cerebral blood 
flow (CBF) and time to peak (TTP) in CT-Perfu-
sion, or DWI and TTP in MR-imaging). Still, it is 
matter of debate which are the best criteria, and 
no strict recommendation can be given. The trial 
DEFUSE-3 used a target mismatch profile on CT 
or MRI between infarct core (< 70 ml) and critical 
hypoperfusion (Tmax > 6  s; > 15  ml and ratio > 1.8) 
[28], whereas the trial DAWN used a clinical-imag-
ing mismatch (age 18–79 years: National Institutes 
of Health Stroke Scale (NIHSS) score ≥ 10 and 
infarct core 0-30  ml; NIHSS ≥ 20 and infarct core 
31-51  ml; age ≥ 80  years: NIHSS ≥ 10 and infarct 
core 0–20  ml) [29]. Whether this can be trans-
lated to a mismatch between severe clinical symp-
toms and minor early infarct signs on CT [30], is 
also matter of debate and needs further evalua-
tion before it can be used in clinical routine. The 
recent MR CLEAN-LATE trial used collateral flow 
to indicate EVT in a time window of 6-24 h, again 
with positive results [31]. Another mismatch con-
cept was evaluated in the WAKE-UP trial. Using 
standard MRI  for patients with unclear time of 
onset but likely symptoms duration of less than 
4.5 h, a short time-window was supposed in those 
where the infarcts was visible on DWI but not yet 
in the FLAIR-sequence. In patients with such a 
DWI-FLAIR-mismatch IVT was superior to stand-
ard care [32].

 10. An approach to achieve rapid EVT in rural areas 
may be that of a mobile intervention team. In this 
scenario, EMS transports the suspected stroke 
patients to the closest primary hospital with a 
stroke unit (SU) and an (often cardiologic) angiog-
raphy, where acute stroke diagnosis is performed. 
A team of interventionists is provided by an EVT-
capable center and is driven by car or flown via 
helicopter to the primary hospital if the patient is 
in need of EVT, in order to perform the interven-
tion onsite. The approach with a car has shown to 
reduce time delay until EVT [33–35]. The flying 
intervention team via helicopter was compared 
to secondary transfer in a controlled intervention 
study [36]. Time until thrombectomy was reduced 
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by 90  min and the study showed equivalent rates 
of technical success and complications in both 
groups. Generalizability of this system of care has 
yet to be shown. These different access concepts 
are increasingly provided within dedicated stroke 
networks, usually organized as hub-and-spoke sys-
tems employing telemedicine.

 11. Whether IVT and EVT should be combined in 
patients suitable for both modalities was evaluated 
in several trials. The recent update of the German 
acute treatment guideline recommends to combine 
IVT and EVT in patients within a 4.5 h time-win-
dow, if no contraindication is present. For the time-
window between 4.5 and 9 h there is very limited 
evidence for the combined therapy. The German 
guideline committee therefore recommends that an 
EVT alone might be considered if possible without 
delay. And in patients treated with EVT in a time-
window beyond 9  h no IVT is recommended [1]. 
The ESO recommends to use alteplase for bridg-
ing in wake-up patients applying the EXTEND and 
WAKE-UP criteria [3].

 12. Most evidence for the efficacy of EVT comes from 
studies in patients with occlusion of a vessel in the 
anterior circulation. In patients with basilar artery 
occlusion (BAO), IVT with alteplase was simi-
larly effective to intra-arterial lysis therapy in the 
BASICS registry [37]. Two RCTs comparing EVT 
with best medical treatment (including IVT) had 
not shown a convincing benefit of EVT, but the 
studies were small and had high cross-over rates 
[38, 39]. The recently published ATTENTION 
trial showed almost a doubling of the propor-
tion of patients with good clinical outcome (mRS 
0–3) after EVT [40]. Around a third of the patients 
were also treated with IVT, and subgroup analysis 
showed a smaller benefit of EVT in those patients. 
Similarly, the recent BAOCHE trial demonstrated 
better functional outcome for EVT in a 6–24  h 
window than best medical treatment alone, despite 
more complications and hemorrhages [9]. There-
fore, we currently do not see much difference in 
recanalizing therapy for patients with BAO com-
pared to patients with supratentorial stroke, with 
the exception that a penumbral mismatch concept 
is less established in the vertebrobasilar territory. 
Although there is no evidence from RCTs regard-
ing the role of bridging IVT in posterior circulation 
LVO (BA, PCA), at least retrospective studies show 
a trend toward better functional outcome and 
reduced mortality in patients receiving it. In sum-
mary, we advocate IVT before EVT in posterior 
circulation LVO whenever possible.

 13. For patients with unclear time-window the reca-
nalization strategy should be based on multi-
modal imaging. In patients with a severe deficit 
(e.g. NIHSS ≥ 6, based on DEFUSE-3 [28]) CTP-
based mismatch could be used to indicate EVT, in 
patients with less severe symptoms DWI-FLAIR 
mismatch can be used to indicate IVT based on the 
WAKE-Up trial [32]. Combination-therapy would 
be very rare in those patients.

 14. Official contraindications against thrombolysis are 
listed in Table  1. However, most of these do not 
have pathophysiologic backgrounds and showed 
little clinical relevance in large registries. They are 
therefore regarded as only relative contraindica-
tions or even “ignored” in many comprehensive 
stroke centers. Medicolegally, however, treatment 
has to be justified if any official contraindication is 
present. Therefore, a thorough documentation of 
the contraindication and the reason why IVT was 
initiated despite one or more being present, is rec-
ommended.

 15. IVT is the administration of alteplase at a dose of 
0.9  mg/kg body weight (bw) over a period of one 
hour. Treatment with a reduced dose of 0.6 mg is 
not recommended [1]. Tenecteplase is another 
thrombolytic substance with higher fibrin speci-
ficity, which can be administered as a single 
bolus. Several trials have been or are being perfo-
med, comparing alteplase and tenecteplase in AIS 
patients. The updated German stroke guideline 
concluded that it is reasonable using tenecteplase 
(0.25  mg/kg bw) as an alternative to alteplase, 
especially in patients with large vessel occlusion, 
in which also an EVT is planned [1]. However, in 
Europe tenecteplase has no label for stroke treat-
ment yet and is available only in 50  mg package 
size, which is twice as much as needed for stroke 
treatment.
 Patients who are treated with IVT need to be 
observed on a SU or an ICU. Strict monitoring is 
recommended, for example of the (systolic) blood 
pressure which needs to be lowered below 180 
mmHg if necessary in patients receiving IVT and 
is probably reasonable to be kept between 140 
and 160 mmHg. Patients need to be screened for 
bleeding complications, including intracranial 
hemorrhage. A rare complication of alteplase is 
an oropharyngeal edema; IVT has to be stopped 
immediately if this occurs and antihistamines and 
corticosteroids be given.
 It has to be emphasized that IVT certainly is 
also indicated in patients with measurable neuro-
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logical deficit and -respecting the contraindications 
(Table 1)- regardless of the presence of LVO.

 16. When EVT is indicated, a (certified) neurointer-
ventionist should perform the procedure imme-
diately or as soon as possible. Nowadays com-
bined techniques for EVT in LVO of the anterior 
circulation are preferred as retrospective studies 
have shown higher first pass rates, shorter proce-
dure times and higher rates of complete reperfu-
sion [41]. These techniques encompass the use of 
balloon guide catheters, aspiration catheters and 
stent retrievers. Nevertheless, alternative estab-
lished techniques like direct aspiration or (± bal-

loon) guide catheter (± aspiration catheter) + stent 
retriever are effective and safe as well [42, 43]. 
The ideal technical approach to EVT taking into 
account access vessel tortuosity, vessel occlusion 
site and assumed clot composition is still a mat-
ter of debate. EVT of anterior circulation LVO has 
shown to be beneficial for patient outcome inde-
pendent from the applied technique, so the local 
availability of material and devices should be con-
sidered, and techniques adapted to it. Full recanali-
zation in terms of expanded Treatment In Cerebral 
Infarction (eTICI) grades 2c-3 should be aimed for 
as increasing TICI grades are linked with better 

Table 1 Official indications and contraindications for Alteplase in acute stroke treatment

Indications

 Diagnosis of ischemic stroke causing a measurable disabling neurologic deficit

 Onset of symptoms < 4.5 h before beginning treatment

 Age ≥ 16 years

Clear contraindications

 Severe head trauma in previous 3 months

 Symptoms suggestive of subarachnoid hemorrhage

 Previous ICH

 Intracranial/spinal surgery in previous 3 months

 Intracerebral neoplasm

 Infective endocarditis

 Aortic arch dissection

 Elevated blood pressure (systolic > 185 mm Hg or diastolic > 110 mm Hg) that cannot be lowered safely

 Active internal bleeding

 Acute bleeding diathesis, including but not limited to:

  Platelet count < 100,000/mm3

  Heparin received within 48 h with an elevated aPTT (> 40 s)

  Current use of treatment doses of low-molecular-weight heparin within the previous 24 h (not applicable to DVT prophylactic dosages of low-
molecular-weight heparin)

  Current use of anticoagulant with INR > 1.7 or PT > 15 s

  Current use of direct thrombin inhibitors or direct factor Xa inhibitors

 CT demonstrates infarction (hypodensity) > 1/3 cerebral hemisphere

 CT demonstrates an acute ICH

Relative contraindications

 Mild and nondisabling or rapidly improving stroke symptoms

 Very severe neurologic deficits (NIHSS score > 25) within the 3- to 4.5 h window

 Pregnancy

 Seizure at onset (consider Alteplase if neurologic deficits are thought to be caused by a stroke)

 Arterial puncture at non-compressible site in previous 7 days

 Untreated intracranial arteriovenous malformation

 Untreated giant intracranial aneurysm

 Recent major surgery or serious trauma (within previous 14 days)

 Recent gastrointestinal or urinary tract hemorrhage (within previous 21 days)

 Ischemic stroke within previous 3 months

 Recent ST-elevation acute myocardial infarction (within previous 3 months)

 Blood glucose concentration < 50 mg/dL (2.7 mmol/L)
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outcomes [42]. When standard techniques fail, res-
cue strategies can be applied in EVT. Accessing the 
target vessel can sometimes be impossible through 
the standard femoral or radial approach. Then 
direct carotid puncture (DCP) can be a manageable 
alternative. The decision to perform a DCP should 
not be delayed after it becomes clear that a stand-
ard approach is prone to failure as time to recanali-
zation is on average more than two hours longer 
when DCP was performed [44]. Of note is the 
substantially higher rate of complications attrib-
uted to DCP in almost 20% of cases like cervical 
hematoma, complete occlusion and pseudoaneu-
rysm. When the clot itself is refractory to retrieval, 
several rescue maneuvers can be considered such 
as fast stent retrieval [45], double stent retriever 
technique [46], stent retriever technique [47, 48] or 
permanent intracranial stenting [49, 50].
 In posterior circulation LVO, atherosclerotic dis-
ease as the underlying stroke cause is more com-
mon than in the anterior circulation [51]. There-
fore, rescue strategies like intracranial stenting are 
more often in need.

 To aim for rapid application of recanalizing therapies, 
local protocols should contain time beams with 
targets, such as: (Door → CT ≤ 10 min; Door → 
IVT ≤ 30 min; Door → Groin ≤ 60 min).

 17. Device- or procedure-related complications occur 
in 4% to 29% of EVT procedures [52]. Extracranial 
complications mainly comprise access site related 
hemorrhage or dissection. Intracranial complica-
tions subdivide into potentially ischemic complica-
tions, including vasospasm, dissection, emboli to 
new or distal territories in reference to the initially 
occluded vessel, and potentially hemorrhagic com-
plications like vessel perforation or vessel stretch-
ing with avulsion of perforating arteries with sub-
sequent subarachnoid hemorrhage [52]. It has to 
be part of the neurointerventionist’s diligence to 
learn about strategies for prevention and manage-
ment of these complications. Furthermore, espe-
cially in stroke patients presenting in prolonged 
time-windows or with advanced infarction we tend 
to expect a higher rate of hemorrhagic transforma-
tions and symptomatic intracranial hemorrhage 
(SIH) after EVT. However, recent studies showed 
that EVT compared to best medical treatment is 
not associated with a higher risk for SIH [23, 53] in 
well-selected patients.

 18. Managing the patient before, during and after 
thrombectomy (coined “periinterventional man-
agement”) involves preparation (gown, peripheral 
lines, bladder catheter or alternative, positioning), 

monitoring (BP, EKG, SpO2, etc.) and neuroanes-
thetic treatment (volume, catecholamines, possibly 
intubation and ventilation, etc.) [54]. Considerable 
controversy exists around the topics sedation and 
blood pressure, while other potentially relevant 
aspects (such as temperature, glucose, neuromoni-
toring, etc.) have not been sufficiently investigated.
 In addition to implications to steer blood pres-
sure according to whether the patient has received 
IVT, the course and result of EVT seem to be asso-
ciated with certain blood pressure trajectories, 
outcomes and treatment implications. The latter 
are still being elucidated. According to one study, 
a sustained mean arterial blood pressure during 
the intervention lower than 70 mmHg or higher 
than 90 mmHg appears deleterious [55]. A higher 
SBP after EVT is associated with more sympto-
matic ICH and worse functional outcome [56, 57] 
or death [58]. However, a RCT investigating inten-
sive SBP lowering to < 120 mmHg after EVT found 
worse functional outcome in that group [59]. At 
present, it appears reasonable to keep SBP between 
140 and 180 mmHg after (successful) EVT; more 
prospective research on BP is warranted. Quite 
likely, optimal BP goals during and after EVT are 
very individual. A tool to taylor BP after EVT suc-
cessfully may be transcranial Doppler/Duplex 
(TCD) sonography [60, 61].
 As to sedation, it is customary to do EVT with 
patients intubated and under general anesthesia 
(GA) in many places while in other centers proce-
dural sedation (PS) is preferred, meaning no intu-
bation and only light sedation and/or analgesia. GA 
may have the advantages of an immobile patient 
not disturbing the intervention, a secured airway 
and more patient comfort, PS may have the advan-
tages of no time delay, no circulatory compromise 
and easier post-interventional logistics. Although 
many retrospective studies including post-hoc 
analyses of endovascular landmark trials have sug-
gested worse outcomes with GA and therefore dis-
couraged it [62], these disadvantages could not be 
confirmed in randomized trials, which were either 
neutral or supportive regarding GA [63, 64]. Cur-
rent guidelines do not recommend one sedation 
strategy over the other -yet- but rather locally, indi-
vidually based approaches, the application of pro-
tocols as well as dedicated anesthesiologic or neu-
rocritical periinterventional care teams [1, 22].

 19. All patients with AIS need to be admitted to a SU. 
Further management there involves monitoring 
and stabilization of cardiopulmonary function, 
neurologic assessment, initiation of early second-
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ary stroke prevention, physiotherapy/speech and 
swallow therapy/occupational therapy, and pre-
vention of complications such as thrombosis and 
pulmonary embolism, delirium, pneumonia or 
other infections. After EVT, vital parameters and 
other factors (e.g. targeting glucose levels at 140–
180 mmHg, normothermia, groin check for aneu-
rysm or hematoma, NIHSS, neurovascular ultra-
sound, control imaging, etc.) need extra attention. 
Many patients cool down in the aniography suite 
(which can be avoided by a warming mattress). 
Although some consider that a potential protec-
tive side effect (and set out to investigate hypother-
mia during EVT), it may cause disadvantages such 
as delayed extubation or delirium. At present, we 
therefore advocate to keep normothermia during 
and after EVT.
 These patients may still deteriorate clinically, for 
instance if they acquire such complications or if 
their stroke progresses, e.g. by edema and space-
occupying effect in the scull. Patients may then 
have to be transferred to a NCCU. Reasons to 
transfer patients there directly from the angiogra-
phy suite include failed EVT or inability to extubate 
early. At the NCCU, ventilation and airway meas-
ures, circulatory support, neuromonitoring, and 
possibly pre- and post-operative care for decom-
pressive craniectomy are predominant [65].

Conclusion
Providing optimal therapy to the individual patient with 
severe acute ischemic stroke may be supported by the 
systematic application of the SOP suggested above which 
can only be a template to be adapted to local conditions, 
of course. Although based for the great part on current 
guidelines and landmark studies, scientific progress in 
this area of stroke care is rapid and likely to change soon, 
hence vigilance for updates is mandatory. The authors 
wish to emphasize, that although spectacular results 
can be achieved in individual patients many hours after 
stroke onset today by the combination of selective imag-
ing, thrombolysis and thrombectomy, time delay must 
still be avoided by all means. And, since stroke thrombec-
tomy may only be adequate for 15–30% of patients with 
ischemic stroke, the rapid application of indicated throm-
bolysis to stroke patients remains the most important pil-
lar of acute recanalization worldwide.
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