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the acute phase of anterior circulation stroke. Lower part left: intravenous thrombolysis is recommended within 4.5 h of symptom onset (if no 
contraindication is present). Lower middle: endovascular treatment (i.e. thrombectomy with stent retriever and/or aspiration catheter) is recom-
mended within 6 h of symptom onset, irrespective of whether intravenous thrombolysis was given or not. Lower right: Time window for endovas-
cular treatment may be extended up to 24 h from symptom onset when significant penumbra is proven by advanced imaging methods (e.g. perfusion 
computed tomography). ASPECT, Alberta Stroke Programme Early CT; CT, computed tomography; DSA, digital subtraction angiography; EVT, 
endovascular treatment; IVT, intravenous thrombolysis; LVO, large-vessel occlusion; NIHSS, National Institutes of Health Stroke Scale.
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Abstract

During the last 5–7 years, tremendous progress was achieved in the reperfusion treatment of acute ischaemic stroke during its first few hours from 
symptom onset. This review summarizes the latest evidence from randomized clinical trials and prospective registries with a focus on endovascular 
treatment using stent retrievers, aspiration catheters, thrombolytics, and (in selected patients) carotid stenting. Novel approaches in prehospital 
(mobile interventional stroke teams) and early hospital (direct transfer to angiography) management are described, and future perspectives (‘all- 
in-one’ laboratories with angiography and computed tomography integrated) are discussed. There is reasonable chance for patients with moder-
ate-to-severe acute ischaemic stroke to survive without permanent sequelae when the large-vessel occlusion is removed by means of modern phar-
maco-mechanic approach. Catheter thrombectomy is now the golden standard of acute stroke treatment. The role of cardiologists in stroke is 
expanding from diagnostic help (to reveal the cause of stroke) to acute therapy in those regions where such up-to-date Class I. A treatment is 
not yet available.

Keywords Acute stroke • Endovascular • Thrombectomy • Thrombolysis

The importance of interdisciplinary 
approach to stroke
Acute ischaemic stroke incidence rates are similar to those of acute 
coronary syndromes. Both these acute ischaemic syndromes are re-
sponsible for vast majority of death from cardiovascular diseases and 
thus for total mortality in most countries. Acute stroke is probably 
the most important acute serious illness, where interdisciplinary ap-
proach is essential to offer the best chance for survival and functional 
recovery of patients. Traditionally, the closest cooperation was be-
tween neurologists, neurosurgeons, and radiologists,1 and the imple-
mentation of an interdisciplinary ‘stroke code’ protocol may shorten 
the in-hospital delays by almost 30 min.2

While cooperation between these specialists is essential during the 
acute hospital admission, the involvement of cardiologists was trad-
itionally more focused on stroke prevention as cardiovascular diseases 
(especially hypertension and atrial fibrillation) are among the most fre-
quent causes of ischaemic stroke. The growing evidence supporting the 
role of stroke thrombectomy triggered interest among interventional 
cardiologists to help with the widespread implementation of thrombec-
tomy into stroke services. The European Society of Cardiology Council 
on Stroke published two position papers,3,4 defining several roles car-
diologists should have in stroke—including thrombectomy in regions, 
where this treatment is not available. Interventional cardiologists, 
who plan to join the interdisciplinary stroke teams, should undergo a 
formal training in stroke thrombectomy5 with full respect to the leading 
role of neurologists in acute stroke treatment. In those (still only few) 
hospitals, where acute ischaemic stroke thrombectomy is performed 
by interventional cardiologists, the decision for thrombectomy as 
well as post-procedural therapy is led by neurologists. Such interdiscip-
linary cooperation offers a better chance for survival without serious 
disability for acute stroke patients.

The aim of this review paper is to summarize the current knowledge 
on acute ischaemic stroke diagnosis and treatment for the clinical car-
diologists and other specialists involved in stroke care and to show 

areas, where better interdisciplinary cooperation may further improve 
the outcomes of stroke patients (Graphical Abstract).

Prehospital management, 
transport delays
The phrase ‘time is muscle’ is used by cardiologists to simply describe 
the importance of time during the acute phase of myocardial infarction 
in order to save the myocardium in jeopardy. Similarly, ‘time is brain’ is 
used by neurologists to save penumbra (ischaemic, but still viable brain 
tissue in the acute phase of ischaemic stroke). While primary percutan-
eous coronary intervention (pPCI) in ST-elevation myocardial infarc-
tion (STEMI) is typically indicated up to 12 h from symptom onset, a 
similar time window for thrombectomy in acute ischaemic stroke is 
6 h. This can be extended up to 24 h if patients meet the DAWN trial 
criteria.6 The critical role of time delays in acute ischaemic stroke was 
described by the HERMES collaborators.7 In this meta-analysis of pa-
tients with large-vessel occlusion (LVO) ischaemic stroke, the earlier 
treatment with endovascular thrombectomy was associated with lower 
degrees of disability at 3 months. Benefit became nonsignificant with to-
tal ischaemic time >7.3 h.

What are the individual components of the treatment delay? The me-
dian total prehospital time for emergency medical services (EMSs) ground 
transports in the USA in 2018–19 was 35 min [interquartile range (IQR): 
27–45, 90th percentile 58], while for air transports, it was substantially 
longer at 56 min (IQR: 43–70, 90th percentile 86).8 The door-in-door-out 
(DIDO) time is an important metric for stroke centres without an on-site 
mechanical thrombectomy service. The median DIDO time was 67 min 
(IQR: 55–94) in a recent single-centre study.9 Another study described 
the following median time intervals: DIDO 85 min for the primary stroke 
centre, interfacility transport door-out-door-in (DODI) 26 min, compre-
hensive stroke centre door-to-arterial puncture 21 min, and puncture to 
recanalization 24 min.10

Figure 1 summarizes these time delays for different strategies.8–10 It 
can be hypothesized that a long-distance mothership model may be 
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beneficial for the patients for up to 85 min10 or 90 min (difference of 
191–101 min) of EMS time. This is feasible almost everywhere in devel-
oped countries, and thus the strategy for acute stroke should follow the 
STEMI strategy: patients with pre-defined criteria should be transferred 
almost exclusively to the thrombectomy centres and not to local stroke 
centres without thrombectomy facilities/teams. The alternative might 
be the Mobile Interventional Stroke Team (MIST).

The NYC MIST trial demonstrated that the use of a MIST travelling 
to perform endovascular thrombectomy in a hospital where the patient 
is first diagnosed was faster and led to improved discharge outcomes, 
when compared with the drip-and-ship (DS) model. Especially, the pa-
tients presenting within ≤6 h from stroke onset had better clinical out-
comes in the MIST model (54% had a good 90-day outcome), when 
compared with 28% in the DS model.11 The MIST model may be opti-
mal for centres with good technical equipment, but insufficient staff to 
cover 24/7 thrombectomy service. When the local thrombectomy 
team is not available 24/7 in a stroke centre (due to the lack of neuror-
adiologists), this gap may be overcome with the help of local interven-
tional cardiologists involved in thrombectomy services.12

The shortest in-hospital delays may be achieved with direct transfer 
to angiography suite (DTAS). DTAS has shown encouraging results in 
reducing in-hospital delays. DTAS allows bypassing of conventional im-
aging by using flat-panel computed tomography (FP-CT; sometimes also 
called low contrast imaging). Ideal DTAS candidates are patients admit-
ted in the early window with severe symptoms. Some centres use FP-CT 
before femoral puncture, and others prefer the additional time savings 

by directly assessing the presence of LVO with an angiogram. The latter, 
however, leads to unnecessary arterial punctures in patients with no 
LVO (3%–22% depending on selection criteria). DTAS has been shown 
to be effective and safe in improving in-hospital workflow, achieving a 
reduction of door-to-puncture time as low as 16 min without safety 
concerns.13 The future certainly is a combined laboratory, where an an-
giograph and a 320 slice CT are combined ‘all-in-one’.

In a recent study from Barcelona, the DTAS protocol decreased the 
median door-to-arterial puncture time [18 min (IQR: 15–24 min) vs. 
42 min (IQR: 35–51 min); P < 0.001] and door-to-reperfusion time 
[57 min (IQR: 43–77 min) vs. 84 min (IQR: 63–117 min); P < 0.001]. 
The DTAS protocol decreased the severity of disability across the 
range of the modified Rankin scale (mRs) [adjusted common odds ratio 
(OR): 2.2; 95% confidence interval (CI): 1.2–4.1; P = 0.009]. Safety vari-
ables were comparable between groups.14

Figure 2 shows flat detector CT images with no signs of intracranial 
bleeding and no clear signs of developed ischaemia. A selective angio-
gram is done immediately after flat detector computed tomography 
with the same equipment showing middle cerebral artery occlusion 
and reopening after thrombectomy.

Early in-hospital stroke diagnosis
The options for the diagnostic approach in the first minutes after arrival 
to a stroke centre are summarized in Figure 3. This approach applies 
only to moderate or severe strokes [high on the National Institutes 

Figure 1 Drip-and-ship (presentation to non-thrombectomy centre followed by interhospital transfer to thrombectomy centre): emergency medical 
service delay (call-to hospital): 35 min. Door-in-door-out in the primary hospital: 85 min. Secondary transport (DODI): 26 min. Door-to-arterial punc-
ture: 21 min. Puncture to recanalization: 24 min. Mothership with classical imaging strategy (admission to a thrombectomy centre with noninvasive 
imaging first): emergency medical service delay (call-to hospital): 35 min. Door-to-arterial puncture: 42 min. Arterial puncture to recanalization: 
24 min. Mothership with direct transfer to angiography suite (admission to a thrombectomy centre with direct transfer to angiography suite, i.e. 
ST-elevation myocardial infarction -like strategy): emergency medical service delay (call-to hospital): 35 min. Door-to-arterial puncture: 18 min. 
Arterial puncture to recanalization: 24 min. Total ‘call-to recanalization’ time: 77 min.
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of Health Stroke Scale (NIHSS)], because of the high likelihood of LVO, 
amenable to thrombectomy.

The reason why patients presenting after 6 h should undergo ad-
vanced imaging is that in many of these patients, the ischaemic core (ir-
reversible brain damage) is already too large and penumbra (reversible 
ischaemia) is only small. Opening the occluded artery, which is supplying 
irreversibly damaged brain tissue, cannot improve the outcome, but 
substantially increases the risk of haemorrhagic transformation and 
symptomatic intracerebral bleeding. Nevertheless, a significant propor-
tion of these late presenters may still benefit from thrombectomy due to 
the existing collateral flow or due to intermittent or incomplete ob-
struction. The meta-analysis of individual data of 505 stroke patients 
with evidence of reversible cerebral ischaemia treated between 6 and 
24 h after last seen well (AURORA collaboration group15) found benefit 
of endovascular thrombectomy. These findings suggest that in such pa-
tients, thrombectomy should not be withheld on the basis of the mode 
of presentation or of the point in time of presentation within the 6–24 h 
time window. In fact, the data from the DAWN and DEFUSE 3 trials16

led to the guidelines update, suggesting thrombectomy suitability up to 
24 h in patients who meet the entry criteria of these two trials.

The role of thrombolysis in the 
current era of stroke 
thrombectomy
The first (small) randomized trial showing potential benefits of intraven-
ous thrombolysis (IVT; when used early in the course of acute ischae-
mic stroke) was published in 1992.17 The first positive randomized trial 
of thrombolysis was published in 1995.18 This trial proved improve-
ment in neurologic functional outcomes (43% after thrombolysis and 
27% after placebo), but the overall mortality was not significantly 

different (17.3% after thrombolysis vs. 20.5% after placebo, P = 0.30). 
Symptomatic intracranial (6.4% thrombolysis vs. 0.6% placebo) as 
well as overall fatal (2.9% thrombolysis vs. 0.3% placebo) bleeding 
was significantly higher after recombinant tissue plasminogen activator 
(rt-PA).

An important meta-analysis19 included 3670 patients from 8 trials 
using i.v. rt-PA and was focused on the time window between symptom 
onset and start of thrombolysis. Favourable 3-month outcome (defined 
as mRs 0–1) increased as time delay decreased (P = 0.0269) and there 
was no benefit of rt-PA treatment beyond 270 min. The benefit was 
greater, the earlier patients were treated: adjusted odds of a favourable 
3-month outcome were 2.55 (95% CI: 1.44–4.52) for 0–90 min, 1.64
(95% CI: 1.12–2.40) for 91–180 min, 1.34 (95% CI: 1.06–1.68) for
181–270 min, and a nonsignificant 1.22 (95% CI: 0.92–1.61) for 271–
360 min. Large intracerebral haemorrhage occurred in 5.2% of patients
assigned to alteplase and 1.0% of controls, with no relationship to time
delays. Mortality increased with time delay: only thrombolysis given
within 90 min of stroke onset decreased mortality, while thrombolysis
used after more than 270 min increased mortality.

A recent Australian trial20 investigated, whether IVT used between 
4.5 and 9 h after stroke onset in patients having hypoperfused but sal-
vageable brain regions detected on perfusion imaging could improve 
the outcomes compared with placebo. Significantly, more patients 
(35.4% vs. 29.5%, P = 0.04) in the thrombolysis group had good neuro-
logic outcomes, but this came at the price of higher rates of symptom-
atic intracerebral haemorrhage (sICH; 6.2% vs. 0.9%, P = 0.053) and 
numerically (not significantly) higher all-cause mortality at 3 months 
(11.5% vs. 8.9%, P = 0.67).

The question of whether the combination of delayed (4.5–9 h after 
stroke onset) IVT and mechanical thrombectomy may be deleterious 
(e.g. increased risk of intracranial haemorrhage or clot migration to 

Figure 2 Flat detector computed tomography images (left) with no signs of intracranial bleeding and no clear signs of developed ischaemia. Selective 
angiogram done immediately after flat detector computed tomography with the same equipment showing middle cerebral artery occlusion (middle) 
and reopening after thrombectomy (right).
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more distal vessel segments not accessible for thrombectomy) was 
tested in two small studies with neutral results.21,22

Intra-arterial thrombolysis alone was compared with a placebo in 
the PROACT-II trial.23 Intra-arterial thrombolysis achieved better 
neurologic outcomes, but there was no difference in mortality. 
Intra-arterial thrombolysis increased the risk of sICH more than five 
times (11% vs. 2% in the placebo group).

Combining intravenous and intra-arterial alteplase was investigated 
and frequently used until 2004, when intra-arterial alteplase was quickly 
replaced by mechanical thrombectomy, which demonstrated more fre-
quent and more complete recanalization of LVO.24

Intra-arterial thrombolysis after successful thrombectomy was tested in a 
small, prematurely terminated trial25: The 121 patients treated with thromb-
ectomy within 24 h after stroke onset were randomized to intra-arterial al-
teplase (maximum dose 22.5 mg) infused over 15–30 min or placebo. 
Excellent neurologic outcome (mRs of 0 or 1 at 90 days) was 59% with 
alteplase and 40% with placebo (adjusted risk difference: 18.4%; 95% CI: 
0.3%–36.4%; P= 0.047). The 90-day mortality was 8% with alteplase and 
15% with placebo (risk difference: −7.2%; 95% CI: −19.2% to 4.8%).

There are very few data about the use of intra-arterial thrombolysis after 
failed thrombectomy—the authors of this manuscript are rather sceptical in 
this respect and are not using thrombolysis in situations when thrombec-
tomy failed to achieve successful reperfusion—with one possible exception: 
when the thrombotic occlusion site is too distal and not safely accessible with 
a stent retriever. One additional area of exploration is combined intra-arterial 
thrombolysis and thrombectomy when a residual distal clot is present after 
LVO is removed and there is a TICI 2a or less result on the final angiogram.

The DIRECT-MT trial compared intravenous alteplase before endo-
vascular treatment (EVT) vs. EVT alone in 656 patients. Intravenous al-
teplase was more frequently (19% vs. 10%) associated with early 
reperfusion. The effect was modified by time from randomization to 
groin puncture: thrombolysis was superior only when this time delay 
exceeded 33 min. Thus, intravenous alteplase should be considered be-
fore thrombectomy if a groin puncture delay of more than 30 min is an-
ticipated by the treating medical team.26

The MR CLEAN-NO IV trial enrolled 539 stroke patients eligible for 
thrombolysis and thrombectomy who presented to a thrombectomy- 
capable hospital. Patients were randomly assigned to receive direct 

thrombectomy or IVT followed by thrombectomy. The primary endpoint 
(good functional outcome defined as mRs 0–2 at 90 days) was present in 
49% (direct thrombectomy) and 51% (thrombolysis + thrombectomy). 
Mortality was 20.5% with thrombectomy alone and 15.8% with thromb-
olysis plus thrombectomy (adjusted OR: 1.39; 95% CI: 0.84–2.30). 
Symptomatic intracerebral haemorrhage occurred in 5.9% and 5.3% of 
the patients in the respective groups (adjusted OR: 1.30; 95% CI: 0.60– 
2.81). The authors concluded that direct thrombectomy was neither su-
perior nor non-inferior to IVT followed by thrombectomy.27

Similarly, the third study comparing direct thrombectomy with bridg-
ing thrombolysis followed by thrombectomy (the SKIP trial) did not find 
a significant difference between both strategies.28

Promising results with the combination of intravenous tenecteplase 
(TNK) and mechanical thrombectomy were obtained by the 
EXTEND-IA TNK Investigators. Intravenous TNK achieved more fre-
quent angiographic reperfusion and tended to achieve better clinical 
outcomes in several parameters without increasing risk of bleeding.29

Recent advances in endovascular 
treatment
The key milestone trials
EVT of acute ischaemic stroke showed clear benefit in selected group 
of patients with LVO. Several randomized trials published after 201530– 

35 demonstrated better clinical outcomes in patients who underwent 
EVT for carotid or proximal middle cerebral artery occlusion, within 
6 h after symptom onset with significant neurological deficit (NIHSS 
>6) and small early ischaemic changes on CT [Alberta Stroke
Programme Early CT Score (ASPECTS) ≥6] compared with best med-
ical treatment including IVT. These ground-breaking trials led to
changes in guidelines and EVT is now IA recommendation in this se-
lected group of patients with acute ischaemic stroke.

Patients with late presentation
Another milestone that extended the time window for EVT was the 
publication of DEFUSE 3 a DAWN trials.6,36 These trials demonstrated 

Figure 3 Possible modes of early diagnostic approach to acute stroke to select patients for acute thrombectomy.
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the benefit of EVT in patients with carotid or proximal middle cerebral 
artery occlusion presenting 6–16 or 6–24 h after symptom onset, re-
spectively. Patients were selected for treatment based on ischaemic 
core-penumbra mismatch evaluated on CT perfusion or diffusion- 
weighted magnetic resonance imaging (DWI-MRI).

Recently, several trials were published looking to expand the popu-
lation of patients who would benefit from endovascular stroke treat-
ment, but were excluded from previous randomized trials.

Large ischaemic core strokes
Previous trials mostly excluded patients with an ASPECTS <6, thus the 
benefit of EVT in patients with large ischaemic core strokes was un-
known. Several recently published or ongoing trials are addressing 
this issue.

A prespecified secondary analysis of the SELECT study included 105 
patients with ASPECTS ≤5 or ischaemic cores of ≥50 cm3 on CT per-
fusion. Thirty-one per cent of patients in the EVT group achieved inde-
pendence at 90 days vs. 14% in the medical group (OR: 3.27; 95% CI: 
1.11–9.62; P = 0.03).37 The signal of benefit was especially promising 
for patients with ASPECTS 3–5 and a core <100 cm3. The SELECT 2 
(NCT number: NCT03876457) is currently recruiting patients with 
these specific inclusion criteria.

A recently published Japanese trial randomized patients with 
ASPECTS 3–5 within 6 h after they were last seen well or within 
24 h if there was no early change on fluid-attenuated inversion recovery 
images. The results showed better clinical outcomes defined as mRs of 
0–3 at 90 days in 31.0% of patients in the endovascular-therapy group 
compared with 12.7% in the medical-care group (relative risk: 2.43; 95% 
CI: 1.35–4.37; P = 0.002). Higher rates of intracranial bleeding were ob-
served in the endovascular group (58.0% vs. 31.4%, P < 0.001).38 Some 
criticism emerged firstly in shifting the definition of good clinical out-
come to mRs 0–3 and also that the dosage of IVT used in this trial 
was lower than usual which could reduce the effect in medical-care 
group. Possible limitations of different methods evaluating large ischae-
mic core size in acute stroke were recently discussed in a commen-
tary,39 appropriately stressing the practical advantage of 
CT-ASPECTS over DWI-MRI ASPECTS.

Other ongoing studies are investigating EVT for patients with large 
ischaemic cores and different time settings: TESLA (ASPECTS 2–5 
within 24 h of last known normal, NCT03805308), TENSION 
(ASPECTS 3–5 within 12 h, NCT03094715), and LASTE (ASPECTS 
0–5 within 7 h, NCT03811769).

Mild strokes with proximal occlusion
On the opposite site of the spectrum stands the cases where the pa-
tient has proximal LVO but only a mild (NIHSS 0–5) neurological def-
icit. Previous randomized trials did not generally include these patients, 
so the benefit of EVT is unknown.

Two large observational studies found no difference between EVT 
and the best medical therapy for these patients.40,41 In both trials, 
EVT was associated with higher odds of sICH, though this was not re-
flected in the overall outcome.

These results show that EVT may not be the best option for all pa-
tients with LVO and mild stroke. On the other hand, the rescue strat-
egy of performing thrombectomy after neurologic deterioration seems 
to be associated with worse outcomes than immediate EVT.42

Subgroup analyses of previously mentioned trials are suggesting that pa-
tients who could benefit from EVT despite mild neurologic deficit at the 
presentation are those with more proximal, larger clots who are not 

candidates for IVT. EXTREMIS-MOSTE, Tempo-2 (NCT02398656), 
and ENDO-LOW (NCT04167527) trials are testing a similar hypoth-
esis in patients with mild strokes and proximal LVO.

Devices and techniques
In the first crucial randomized trials,30–35 the vast majority of cases 
were performed with second-generation stent retrievers. The use of 
balloon guide catheters became the standard of care when using stent 
retrievers after several trials proved the benefits of achieving faster re-
canalization, a more often first-pass effect, and improved clinical out-
comes compared with proximal large bore conventional guide 
catheters.43,44

The choice between stent retriever and direct aspiration is still pri-
marily driven by institutional and operator preferences. Three rando-
mized controlled trials demonstrated the noninferiority of contact 
aspiration to stent retriever thrombectomy with similar procedural 
and clinical performance between the two techniques.45–47

Suggestions now occurred that each technique could be more effective 
in different specific settings. Stent retrievers seem to perform better 
when the thrombus is soft, red blood cell rich (which is represented 
by the hyperdense vessel sign on initial non-contrast CT or the bloom-
ing/susceptibility sign on magnetic resonance imaging). On the contrary, 
direct aspiration seems to perform better in cases of fibrin rich throm-
bus, when these imaging signs are not present.48,49

The technology is moving fast, new designs of stent retrievers with 
new functions like radial force adaptation are emerging. The same ap-
plies to aspiration catheters. Larger inner diameters and more flexible 
devices are available. The question of whether the technological im-
provements will have an impact on clinical outcomes remains to be an-
swered in randomized trials.

Endovascular treatment in specific 
locations
Posterior circulation
A typical example of posterior circulation stroke [basilar artery occlu-
sion (BAO)] treated with thrombectomy is given in Figure 4.

Two randomized trials evaluating the efficacy and safety of EVT in pa-
tients with BAO were recently published.

The BASICS trial50 randomized 300 patients with BAO presenting with-
in 6 h of stroke onset to either EVT or medical therapy alone, including IVT 
in ∼80% of the patients. The trial showed that EVT did not provide super-
ior clinical outcomes over standard therapy for this group of patients 
(90-day mRs 0–3: 44.2% in EVT vs. 37.7% in controls; adjusted OR: 1.18; 
95% CI: 0.92–1.50). However, subgroup analysis suggested a benefit in 
EVT patients with a baseline NIHSS score ≥10 with significantly higher 
changes of favourable outcomes at 90 days (mRs score 0–3 risk ratio: 
1.45; 95% CI: 1.03–2.04) than the control group. The 90-day mortality 
was 38.3% in the EVT and 43.2% in the control group, and the rates of 
sICH were 4.5% in the EVT and 0.7% in the control group.

The BEST trial also compared EVT to the best medical management 
in patients with BAO presenting within 8 h of stroke onset.51 The study 
was terminated early because of a high crossover rate (13% of rescue 
EVT when patients deteriorated neurologically) and poor recruitment. 
In the intention-to-treat analysis, there was no evidence of a difference 
in the proportion of participants with 90-day mRs 0–3 at 90 days: 42% 
of 66 patients in the intervention group vs. 32% of 65 in the control 
group (adjusted OR: 1.74; 95% CI: 0.81–3.74).
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Two BAO trials recently presented at the European Stroke 
Organization Congress 2022 demonstrated the benefit of EVT (in 
terms of the functional outcome mRs 0–3) compared with the best 
medical therapy (the ATTENTION trial52 and the BAOCHE trial— 
NCT02737189).

The emerging evidence of EVT benefit in patients with BAO justifies 
the clinical practice of many centres to offer EVT routinely within 24 h 
from last known well as part of a life-saving rescue strategy due to the 
devastating neurological nature of this life-threatening clinical situation.

Tandem lesions and the role of acute 
carotid stenting
The situations where the extracranial internal carotid artery or verte-
bral artery is severely stenosed or occluded in association with the mid-
dle cerebral artery or BAO are usually more technically challenging and 
time consuming. The effect of EVT in acute strokes caused by the tan-
dem lesion in anterior circulation (see example in Figure 5) was compar-
able with the non-tandem occlusion in the HERMES trial.35 The 
situation nevertheless carries several considerations that are being 
evaluated.

The first consideration regards the technical approach. Retrograde 
approach means to recanalize intracerebral occlusion first and to treat 
the extracranial lesion second. In antegrade approach, the extracranial 
lesion is treated as the first one. Most of the studies found no difference 
between these two approaches regarding clinical outcomes, rates of 
successful recanalization, or times from puncture to recanalization. 
Some non-randomized retrospective studies, however, showed better 
clinical outcomes in the retrograde approach53 as well as faster time to 
recanalization in the retrograde approach.54

Endovascular management of tandem occlusions is usually complex 
with the potential need of acute stenting of the extracranial carotid ar-
tery steno-occlusive lesion along with the additional need of antithrom-
botic therapy initiation and thus increasing the risk of intracerebral 
haemorrhage. The concerns about a high rate of sICH when combining 
IVT with an early antiplatelet therapy were based on the ARTIS trial 
conducted in the pre-EVT era.55 Newer data from EVT studies are 
nevertheless suggesting that the use of acute stenting of the extracranial 
carotid lesion (with the need to administer early antiplatelet therapy) 
was associated with better reperfusion without an excess risk of 
sICH or mortality.56–58 Most centres use now immediate (acute phase) 

carotid stenting approach rather than deferred stenting. However, 
some data demonstrated a 16% risk of intracranial bleeding when ca-
rotid stenting is performed during the acute phase of stroke, due to 
the need for more potent antithrombotic therapy after stent implant-
ation.59 The impact on clinical outcome of such approach is now being 
evaluated in the randomized trial TITAN (NCT03978988).

Distal medium-vessel occlusion
Meta-analyses of HERMES collaboration data from patients with prox-
imal, large-diameter M2 segment middle cerebral artery occlusions 
showed benefit from EVT in such cases (90-day mRs 0–2 58.2% for 
EVT vs. 39.7% for medical management; adjusted OR: 2.39, 95% CI: 
1.08–5.28, P = 0.03).60 With recent advances in thrombectomy tech-
nology, distal, medium-vessel occlusions (DMVOs) are now emerging 
as a promising next potential EVT frontier.

Randomized data for DMVOs are lacking, and there are just few case 
series reporting outcomes in these cases. Grossberg et al.61 performed 
thrombectomy in 69 patients with anterior cerebral artery (43%), M3 
middle cerebral artery (54%), or posterior cerebral artery (10%) occlu-
sions, including 62% primary distal occlusions and 33% distal occlusions 
present due to distal embolization during EVT. Outcomes included sub-
stantial reperfusion (mTICI 2b−3) in 83%, parenchymal haematoma in 
the distal arterial field in 4%, 90-day functional independence in 30%, 
and mortality in 20%. While similar data are suggesting angiographic 
success and safety of EVT for DMVOs, randomized controlled trials 
are needed to establish any benefit of EVT for more distal occlusions.

Antithrombotic medication during 
thrombectomy
While unfractionated heparin (or other parenteral anticoagulants, e.g. 
low molecular weight heparins) plays a key role in antithrombotic treat-
ment of acute coronary syndromes, they are contraindicated (at least in 
full therapeutic doses) in acute ischaemic stroke. There are several rea-
sons for contraindication of full therapeutic anticoagulant use in stroke: 
haemorrhagic stroke (15% of all strokes, frequently difficult to differen-
tiate based only on clinical signs), risk of haemorrhagic transformation 
of ischaemic stroke (especially large ischaemic strokes, i.e. those suit-
able for thrombectomy are at risk), uncontrolled hypertension, pre- 
existing anticoagulant therapy, etc.

Figure 4 Typical case of basilar artery occlusion (left side). TICI 3 recanalization achieved using direct aspiration technique (right side).
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A systematic review,62 a total of 24 trials involving 23 748 patients, ex-
amined the effect of anticoagulant therapy vs. control in the early treat-
ment of acute ischaemic stroke. The major findings are: (i) anticoagulant 
therapy did not improve all-cause mortality, (ii) anticoagulants did not re-
duce disability (dependence), (iii) anticoagulant therapy was associated 
with about 9 fewer recurrent ischaemic strokes per 1000 patients treated, 
but it was also associated with a 9 per 1000 increase in sICH, (iv) anticoa-
gulants avoided about 4 pulmonary emboli per 1000, but this benefit was 
offset by an extra 9 major extracranial haemorrhages per 1000.

The data on periprocedural heparin during mechanical thrombectomy 
are surprisingly sparse. A Chinese retrospective registry63 demonstrated 
that heparinization during thrombectomy did not significantly influence re-
canalization and mortality rates, but increased sICH rates and distal embol-
ization risk. Furthermore, heparinization during thrombectomy was an 
independent predictor for poor outcome (OR: 1.79, 95% CI: 1.23–2.59, 
P < 0.01). The periprocedural heparin doses in this registry varied between 
50 and 100 IU/kg of body weight. It seems likely, that low-dose heparin (e.g. 
20–30 U/kg) may offer better results. A randomized multicentre trial test-
ing the effect of periprocedural medication: acetylsalicylic acid, unfractio-
nated heparin, both, or neither64 is underway and may respond several 
questions on periprocedural medication.

The standard practice in most neuro interventional centres is based on 
the use of IVT before thrombectomy (thrombolysis-facilitated mechanical 
thrombectomy or bridging thrombolysis). When a stroke patient enters 
angio-suite with running infusion of tPA, usually no anticoagulation (or a 
minimal heparin dose just to protect against catheter thrombi) is used. 
In patients who are not treated with thrombolysis (presentation after 
>270 min from stroke onset or contraindication to tPA), usually a low
dose of heparin (10–30 IU/kg) is used during mechanical intervention.

Periprocedural management
Endovascular procedures for acute ischaemic stroke may require more 
staff in the angio-room compared with pPCI for STEMI. The optimal 

scenario includes six healthcare professionals: the first operator (neu-
rointerventional specialist), the second operator (assisting young phys-
ician in training or cath-lab nurse), an intensivist (to take care of the 
clinical status of the patient, manage blood pressure, intubate if neces-
sary, etc.), a neurologist, one nurse, and one radiology assistant. The 
minimum staff during a thrombectomy procedure is four healthcare 
professionals (on the contrary, the minimal staff for pPCI in STEMI 
may be just one cardiologist and one nurse).

The role of intubation and general anaesthesia (vs. simple conscious 
sedation) during mechanical thrombectomy remains unclear. One 
study randomized 128 patients to general anaesthesia vs. conscious 
sedation. Successful reperfusion was higher and clinical outcomes 
were better in general anaesthesia.65 A more recent and larger (2013 
patients) study66 found the opposite: general anaesthesia during 
thrombectomy was associated with worse 3-month functional out-
comes. When the patient is awake, the brain is autoregulating. The 
anaesthesiologist often drops the blood pressure into a range that fur-
ther reduces perfusion to the penumbra, and thus ischaemia progres-
sion is faster. Indeed, the risk of general anaesthesia is associated with 
large variations in blood pressure during intubation and in time delays 
related to intubation and ventilatory support arrangements. The risk 
of conscious sedation is patient unrest and movement. Most centres 
decide individually—use conscious sedation as the default strategy 
and intubate the patient whenever indicated.

It is not known what the optimal periprocedural blood pressure is. 
One study showed that higher systolic blood pressure was associated 
with less functional independence at 3 months in patients with success-
ful recanalization and with more sICH regardless of recanalization sta-
tus.67 However, a recent comprehensive review underlines the 
importance of an individualized approach to blood pressure manage-
ment during thrombectomy.68 In fact, practical experience showed 
that watching blood pressure during thrombectomy is a sign of success: 
the operator sees the normalization of previously higher blood pres-
sure quickly after clot removal. This may be a physiologically ideal 

Figure 5 Tandem lesion. Angiogram showing ruptured atherosclerotic plaque with large thrombus in the carotid bifurcation causing the occlusion of 
external carotid artery and near occlusion of proximal internal carotid artery (first left). Selective intracranial angiogram acquired after passing through 
the proximal internal carotid artery near occlusion is showing proximal middle cerebral artery occlusion (middle left). Intracranial recanalization was 
achieved first, using direct aspiration technique with a large bore sheath placed behind the proximal internal carotid artery lesion (middle right). Final 
result after implantation of the stent to proximal internal carotid artery (right).
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scenario: higher blood pressure when the artery is still occluded enables 
better collateral flow and, thus, penumbra preservation and pressure 
normalization shortly after clot removal decrease the risk of haemor-
rhagic transformation.

Periprocedural complications 
related to thrombectomy
Clinically recognized complications
In general, two complications have major clinical relevance: sICH and 
stroke extension due to embolization of another vascular territory. 
The risk of sICH after mechanical thrombectomy does not differ 
from sICH rates after IVT or from sICH risk when both treatment mo-
dalities are used together (bridging thrombolysis)—rates vary in differ-
ent trials in the range of 2%–9%.31,32,69 The major risk factor for sICH 
development (besides changes in blood coagulation due to thromboly-
tics) is late reperfusion—if the vessel is reopened at the time when large 
ischaemic core dominates over penumbra, ICH is more likely. Clinically 
detected stroke extension caused by clot fragment embolization to an-
other vascular territory (e.g. clot retrieved from middle cerebral artery 
and fragment embolize to anterior cerebral artery) is rather rare (1%– 
3%). Somewhat higher rates (up to 5%) are observed angiographically 
without clinical stroke progression.

Imaging-detected complications
CT or magnetic resonance detects asymptomatic haemorrhagic trans-
formation (any ICH) in about 10%–13% of patients, i.e. ∼3–4 times 
more frequently than clinically observed sICH. Also this asymptomatic 
ICH occurs with the same rates after IVT as after mechanical thromb-
ectomy. Very rare are gross mechanical complications caused by cath-
eter manipulation: arterial dissection, rupture, perforation, or 
arteriovenous fistula. They are usually clinically relevant and are cov-
ered under sICH.

Access-site complications
Access-site complications (groin haematoma, arteriovenous femoral 
fistula) occur similarly to any other invasive endovascular procedures, 
i.e. clinically relevant in 1%–2%.

Complications related to general 
anaesthesia
Complications related to general anaesthesia do not differ from such 
complications in any general anaesthesia. Special importance in stroke 
has blood pressure drop during intubation (may greatly facilitate ischae-
mic core progression) and time delays related to intubation and inser-
tion of artificial ventilation (also causes stroke progression).

Conclusions
The diagnosis and treatment of acute ischaemic stroke changed dra-
matically during last 5–7 years. There is reasonable chance for patients 
with moderate-to-severe acute ischaemic stroke to survive without 
permanent sequelae when the LVO is removed by means of modern 
pharmaco-mechanic approach. Catheter thrombectomy is now the 
gold standard of acute stroke treatment. Its availability is limited by 
the lack of trained neuroradiologists in some countries and regions. 
The role of cardiologists in stroke is expanding from diagnostic help 

(to reveal the cause of stroke) to acute therapy in those regions, where 
such up-to-date class IA treatment is not yet available.
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