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Abstract 

Purpose: To provide an update about the rapidly developing changes in the critical care management of acute 
ischaemic stroke patients.

Methods: A narrative review was conducted in five general areas of acute ischaemic stroke management: reperfu-
sion strategies, anesthesia for endovascular thrombectomy, intensive care unit management, intracranial complica-
tions, and ethical considerations.

Results: The introduction of effective reperfusion strategies, including IV thrombolysis and endovascular thrombec-
tomy, has revolutionized the management of acute ischaemic stroke and transformed outcomes for patients. Acute 
therapeutic efforts are targeted to restoring blood flow to the ischaemic penumbra before irreversible tissue injury 
has occurred. To optimize patient outcomes, secondary insults, such as hypotension, hyperthermia, or hypergly-
caemia, that can extend the penumbral area must also be prevented or corrected. The ICU management of acute 
ischaemic stroke patients, therefore, focuses on the optimization of systemic physiological homeostasis, management 
of intracranial complications, and neurological and haemodynamic monitoring after reperfusion therapies. Meticu-
lous blood pressure management is of central importance in improving outcomes, particularly in patients that have 
undergone reperfusion therapies.

Conclusions: While consensus guidelines are available to guide clinical decision making after acute ischaemic stroke, 
there is limited high-quality evidence for many of the recommended interventions. However, a bundle of medical, 
endovascular, and surgical strategies, when applied in a timely and consistent manner, can improve long-term stroke 
outcomes.

Keywords: Acute ischaemic stroke, Decompressive craniectomy, Endovascular thrombectomy, Penumbra, 
Thrombolysis, Intensive care, Anesthesia

Introduction

Despite reductions in mortality and disability-adjusted 
life years over the last decade, acute ischaemic stroke 
(AIS) remains the third leading cause of death and a 

major cause of permanent disability worldwide with 
enormous social and economic consequences [1].

Following AIS, a critical reduction in cerebral blood 
flow below the ischaemic threshold (10–25% of base-
line) culminates in irreversible neuronal death in the 
core of the lesion [2]. The tissue surrounding this core, 
often referred to as the ischaemic ‘penumbra’,  is func-
tionally impaired and ‘at risk’ of further injury (Fig.  1). 
While blood flow and oxygen delivery to the penum-
bra is reduced, this tissue may remain viable because of 
supply from collateral arteries [3]. Therapeutic salvage 
is, therefore, a possibility if blood flow is restored in a 
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timely manner and to a sufficient degree. In addition to 
the reduction in blood flow, other factors, including exci-
totoxicity, oxidative stress and mediators of programmed 
cell death, also determine the likelihood of neuronal 
survival or death in the penumbral zone [4]. Moreover, 
signals that mediate cell death during the acute stage 
after stroke might promote repair during the recovery 
phase (Fig. 1). Improved understanding of the transition 
between injury and repair may ultimately lead to clinical 
therapies for neuronal recovery after AIS.

In the meantime, all therapeutic efforts are targeted to 
restoring blood flow to the penumbra before irreversible 
tissue injury has occurred (“time is brain”). This can be 
achieved by relieving the arterial occlusion (recanaliza-
tion) and restoring blood flow (reperfusion) in a timely 
manner in an attempt to minimize irreversible tissue 
injury and improve outcomes. At the same time, second-
ary insults, such as hypotension, hyperthermia or hyper-
glycaemia, that can extend the penumbral region must 
be prevented or corrected. These aims are best achieved 
when patients are managed in an acute stroke unit. 

Although variations in models of care exist, management 
of stroke and its systemic complications by a multidis-
ciplinary team with appropriate competencies, and co-
ordinated rehabilitation, improves outcomes [5].

A small proportion of the overall AIS cohort, around 
15–20%, needs care and interventions that cannot 
be provided on a stroke unit and these sickest stroke 
patients require admission to an intensive care unit (ICU) 
[6]. Even in those with the most severe strokes, a bundle 
of medical, endovascular, and surgical strategies, when 
applied in a timely and consistent manner, can improve 
long-term outcomes [7]. This article will review these 
strategies and update the reader about the rapidly devel-
oping changes in the critical care management of AIS.

Reperfusion strategies
The introduction of effective reperfusion strategies has 
revolutionized the management of AIS over the last 
2 decades and transformed outcomes for patients.

IV thrombolysis
Intravenous (IV) administration of the tissue plasmino-
gen activator (tPA) Alteplase (0.9  mg/kg) within 4.5  h 
of AIS onset increases the odds of good functional out-
come [modified Rankin score (mRS) 0–1] at 3–6 months 
by about one-third without increasing mortality despite 
higher rates of symptomatic intracerebral haemorrhage 
[8]. Earlier treatment (< 3  h) is associated with greater 
proportional benefits. The number needed to treat for 
good outcome is 10 when IV thrombolysis is initiated 
less than 3  h after stroke onset and 19 between 3 and 
4.5  h. Tenecteplase, a modified plasminogen activator 
with higher fibrin specificity (which decreases the risk 
of systemic bleeding) and longer half-life compared to 
tPA has been shown to increase rates of reperfusion and 
improved functional outcomes (mRS 0–1) compared to 
Alteplase [9]. However, tPA is currently the only licensed 
agent for IV thrombolysis after AIS.

Take‑home messages 

While acute interventions after acute ischaemic stroke are targeted 
to restoring blood flow to the ischaemic penumbra, secondary 
systemic physiological insults, such as hypotension, hyperthermia, 
or hyperglycaemia, that can extend the penumbral area must be 
prevented or corrected.
The critical care management of severe acute ischaemic 
stroke focuses on airway and ventilation management, haemody-
namic and fluid optimization, fever and glycaemic control, manage-
ment of anticoagulation, antiplatelet and thromboprophylaxis 
therapy, and surgical interventions for malignant middle cerebral 
artery and cerebellar infarctions, which, when applied in a timely 
and consistent manner, can improve long-term outcomes.

Fig. 1 Schematic showing differential blood flow to the infarct core, 
ischaemia penumbra and normal brain after acute ischaemic stroke, 
and the transition between neuronal injury and repair mechanisms
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Under current guidelines [7], tPA is used to treat AIS 
in patients without extensive areas of hypo-attenuation 
on computed tomography (CT) scan only if the time of 
symptom onset is known to be less than 4.5 h [7]. Mag-
netic resonance imaging (MRI) or CT perfusion has 
been used to evaluate the efficacy and safety of IV tPA 
in patients with uncertain time of stroke onset, or for 
extending treatment window. IV tPA guided by a mis-
match between diffusion-weighted imaging (DWI) and 
fluid-attenuated inversion recovery (FLAIR) in the region 
of ischaemia resulted in significantly better 90-day func-
tional outcomes compared to placebo in patients with 
unclear time of stroke onset despite a higher rate of 
intracranial haemorrhage in the tPA group (as seen in 
all thrombolysis trials) [10]. More recently, a multicen-
tre, randomized, placebo-controlled trial including AIS 
patients with hypoperfused but salvageable regions of 
brain detected on automated perfusion imaging found 
that the use of Alteplase between 4.5 and 9.0  h after 
stroke onset, or at the time the patient awoke with stroke 
symptoms, resulted in a higher percentage of patients 
with no or minor neurologic deficits compared to pla-
cebo [11].

Endovascular thrombectomy
tPA frequently fails to achieve recanalization in patients 
with large vessel occlusion (LVO), i.e., internal carotid 
and middle cerebral (segment 1) arteries. The addition 
of endovascular thrombectomy (EVT) to IV tPA within 
6  h of stroke onset doubles the rate of angiographic 
revascularisation at 24 h and functional independence at 
90 days [12, 13]. Specifically, EVT is associated with a 2.5 
times increase in the likelihood of a one or more point 
improvement in the mRS without increasing the rate of 
symptomatic intracerebral haemorrhage or all-cause 
mortality. This effect is consistent among all age groups 
and in patients ineligible for tPA. Optimised patient 
selection by the confirmation of LVO with CT or MR 
angiography, shorter times to revascularisation, and the 
use of newer devices and techniques (e.g., stent retriev-
ers) that enable higher rates of reperfusion have all con-
tributed to improved EVT outcomes [14].

Whether IV tPA can be safely omitted prior to EVT 
remains a matter of debate. A meta-analysis of 20 studies 
including 5279 patients found that direct thrombectomy 
offered similar safety and efficacy compared with tPA 
bridging therapy [15]. IV tPA results in successful reper-
fusion in 1 in 10 EVT-eligible patients, negating the need 
for endovascular intervention in some [16]. However, ini-
tiation of IV thrombolysis may delay the start of mechan-
ical thrombectomy and risk thrombus extension. Current 
guidelines recommend EVT in all appropriate patients 

(supplementary material 1), and that eligible patients 
should receive tPA even if EVT is being considered [7].

Extended treatment windows
Endovascular thrombectomy was previously only con-
sidered in patients with stroke symptoms present for 
less than 6 h on the basis that ischaemic tissue is prob-
ably infarcted by this time and the risk for haemorrhagic 
transformation on restoration of blood flow likely out-
weighs any benefits from revascularization. When con-
sidering eligibility for EVT, stroke onset time is often 
considered to be that at which the patient was last known 
to be well. In practice, actual stroke onset times can be 
shorter (e.g., wake-up stroke) excluding many patients 
from an intervention from which they might gain benefit.

Two important trials have demonstrated benefit of 
EVT in anterior circulation LVO stroke beyond 6  h 
from symptom onset based on mismatch between clini-
cal symptoms and neuroimaging. The DWI or CTP 
Assessment with Clinical Mismatch in the Triage of 
Wake-Up and Late Presenting Strokes Undergoing 
Neurointervention with Trevo (DAWN) trial rand-
omized 206 patients with LVO and a small ischaemic 
core determined by perfusion imaging but severe clini-
cal symptoms suggestive of large penumbral volume 
(referred to as core:clinical mismatch), and were within 
6–24 h of last being known well, to receive best medi-
cal management with (n = 107) or without (n = 99) EVT 
[17]. Thrombectomy was associated with a greater than 
70% relative reduction in disability and higher likeli-
hood of functional independence (mRS 0–2) com-
pared to medical treatment alone (48.6% vs. 13.1%). The 
number need to treat was 2.8 to produce an additional 
patient with functional independence at 90  days, and 
2 to improve 90-day disability score. Similarly, in the 
Endovascular Therapy Following Imaging Evaluation 
for Ischemic Stroke (DEFUSE-3) trial, patients with 
anterior circulation LV who fulfilled predefined crite-
ria of a mismatch between infarct core and penumbral 
tissue volumes, and were last known to be well 6–16 h 
previously, were also randomized to receive best medi-
cal therapy with (n = 92) or without (n = 90) EVT [18]. 
Thrombectomy was again associated with a highly sig-
nificant benefit compared to medical treatment alone; 
there was a shift in mRS score distribution toward bet-
ter 90-day outcome and a greater proportion of patients 
with mRS scores 0–2. These studies provide strong evi-
dence for the use of EVT beyond 6 h from stroke onset 
based on neuroimaging eligibility criteria and identify 
a new cohort of patients who might benefit from this 
intervention.

Despite the possibility for extended treatment win-
dows, functional outcomes are greatly improved by 
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shorter stroke onset to treatment times [19]. It is, there-
fore, imperative that EVT occurs as quickly as possible. 
Unlike tPA, endovascular interventions require special-
ized services not available in most hospitals. There is 
uncertainty whether outcomes are improved if patients 
are transported directly to the closest comprehensive 
stroke centre capable of delivering both tPA and EVT or 
receive early tPA in a primary stroke centre before sec-
ondary transfer to the comprehensive stroke centre for 
EVT (the ‘drip and ship’ approach). This is a particularly 
important issue in communities sited long distances 
from a comprehensive stroke centre. A recent system-
atic review and meta-analysis found that AIS patients 
admitted directly to a comprehensive stroke centre may 
have better 90-day outcomes than those receiving ini-
tial IV thrombolysis in a primary stroke centre, with no 
differences between the treatment pathways in rates of 
successful reperfusion, symptomatic intracranial haem-
orrhage, or 90-day mortality [20]. However, the authors 
noted major limitations of current evidence (retrospec-
tive studies and selection bias) and highlighted a need 
for adequately powered, multicenter randomized con-
trolled trials to answer this question.

Anesthesia for endovascular thrombectomy
The choice of general anesthesia (GA) or conscious seda-
tion (CS) for EVT remains a matter of debate and the 
impact on outcomes inconclusive. The relative advan-
tages and disadvantages of GA and CS are shown in 
Table 1.

Multiple retrospective studies demonstrated that GA 
was associated with worse neurological outcomes com-
pared to CS, but these findings have not been replicated 
in subsequent prospective randomized controlled tri-
als [21]. The important studies investigating GA and CS 
during EVT are summarised in supplementary material 
2. When GA is integrated into routine workflow and 

systolic blood pressure (BP) maintained > 140  mmHg, 
patients who receive GA do not have less favourable out-
comes after EVT compared to those who receive CS [21]. 
Given this equipoise, and as recommended by the Soci-
ety for Neuroscience in Anesthesiology and Critical Care 
(SNACC) [22], anesthetic technique during EVT should 
be individualized.

The goals of anesthesia during EVT are shown in sup-
plementary material 3. Any pre-procedure assessment 
or intervention, including arterial line placement for 
BP monitoring, should not delay the start of the pro-
cedure given the time-limited, emergency nature of 
EVT. Irrespective of anesthetic technique, meticulous 
haemodynamic control is critical during EVT; guide-
lines recommend that systolic BP should be maintained 
between 140 and 180  mmHg, irrespective of the previ-
ous IV tPA [22]. Collateral perfusion maintains penum-
bral viability until reperfusion is accomplished, and this 
is likely BP dependent in many patients. Thus, avoiding 
hypotension by maintaining BP at presentation values 
until reperfusion occurs is a cardinal management goal 
[23]. A greater than 10% reduction in mean BP from base-
line is a strong risk factor for poor outcome in patients 
having EVT under CS [24]. A single-centre study found 
that intervention was required to maintain BP within the 
target range in almost 40% of patients during CS, arguing 
for the routine presence of anaesthesiologists during all 
EVT procedures [25]. Similarly, even small reductions in 
mean BP are associated with poor outcomes after EVT 
under GA. In one study, a 10  mmHg reduction in mean 
BP below baseline was associated with a 1.67 times lower 
odds of good outcome [26]. The association between 
minimum BP before reperfusion and functional out-
comes appears to be dependent on presentation National 
Institutes of Health Stroke Scale score  (NIHSS); those 
with more severe stroke are most likely unable to tolerate 
even modest reductions in BP [24]. It has been suggested 

Table 1 Advantages and disadvantages of general anesthesia and conscious sedation for endovascular thrombectomy

Technique Advantages Disadvantages

General anesthesia Maximise patient comfort
Immobilisation to minimize risk of guide-wire vessel 

perforation
Airway protection and controlled ventilation
? shorter time to recanalization
Potential reduction in radiation exposure

May delay start of intervention
Inability to perform neurological assessment 

during procedure
Haemodynamic fluctuations—need for 

vasopressor/inotropes
Potential for inadvertent hypoxia/hypocap-

nea

Conscious sedation Allows intra/post-procedure neurological assess-
ment

Avoids delay in start of intervention
Minimal interference with systemic physiology
Quicker recovery and discharge for neurointerven-

tional suite

Patient discomfort/lack of cooperation
Patient movement
Unprotected airway/risk of aspiration
Risk of hypoxemia/hypercarbia with sedation
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that better functional outcome might be achieved by tar-
geting intra-procedure BP > 20% of pre-procedure levels 
in patients receiving GA [27]. Importantly, BP targets 
should be readjusted (lowered) in communication with 
the neurointerventionalist following successful recanali-
zation to minimize the risk of hyperperfusion and haem-
orrhagic conversion [22].

Close monitoring of oxygenation and ventilation is 
also critical during EVT.  FiO2 should be no higher than 
required to maintain normoxia, i.e.,  SpO2 > 92% and 
 PaO2 > 60 mmHg [22], and hyperventilation/hypocapnea 
avoided [28]. Euglycaemia should be maintained accord-
ing to institutional protocols (see below). If standard 
extubation criteria are met, patients should be awakened 
and extubated at the end of the procedure to allow early 
neurological assessment [28].

Anaesthesiologists should be prepared to rapidly con-
vert from CS to GA if needed to protect the airway, main-
tain oxygenation and ventilation parameters, or manage 
intracranial pressure (ICP). In addition, EVT-related 
complications should be anticipated and rapidly treated. 
In case of catheter-induced intracerebral haemorrhage, 
heparin should be reversed immediately with protamine 
and systolic BP maintained > 140 mmHg to minimize the 
risk of further ischaemic damage [22].

Intensive care management
A more interventional approach to AIS management 
has resulted in increasing numbers of stroke patients 
being admitted to the  ICU [6]. The indications for ICU 
admission may vary from centre to centre depending on 
the level of care that can be provided in the local stroke 
unit. Some common indications for admission to ICU are 
shown in Table 2. In addition to clinical status, decisions 
to admit a stroke patient to the ICU should be based on 
likely prognosis and known wishes of the patient [6]. 
Although there is no specific evidence to guide post-
EVT management, an ICU setting allows more frequent 
neurological assessment as well as more aggressive BP 
monitoring and management [29]. The Glasgow coma 
scale score is frequently to assess global neurological sta-
tus on the ICU, but a stroke severity rating scale, such as 

the NIHSS, quantifies stroke-related impairment more 
objectively [7]. The NIHSS is a 42 point scale comprising 
11 items, each of which scores a specific ability between 
0 and 4; it is used to assess stroke severity and prognosis 
and for serial assessment [30].

The ICU management of AIS patients focuses on the 
optimization of systemic physiological homeostasis, 
management of intracranial complications, and neuro-
logical monitoring after reperfusion therapies (Figs. 2, 3). 
Coordination of management by specialized neurointen-
sive care teams has been associated with improved out-
comes after AIS [31].

Airway and respiratory management
AIS is associated with a high rate of respiratory compli-
cations [32], which can arise from both neurological and 
non-neurological causes including dysphagia, pneumo-
nia, pulmonary aspiration, oedema and embolism, acute 
distress respiratory syndrome, and respiratory muscles 
weakness [33]. The need for respiratory support and air-
way protection is associated with worse outcomes after 
AIS, and many physicians remain reluctant to initiate 
endotracheal intubation and mechanical ventilation if the 
probability of survival with a meaningful quality of life is 
extremely low [34]. In the absence of high-quality data, 
the decision to intubate should be triggered by clinical 
features such as low Glasgow Coma Scale score, loss of 
protective airway reflexes, signs of increased ICP, infarct 
size > 2/3 of middle cerebral artery territory or midline 
shift, hypoxic or hypercarbic respiratory failure, or sei-
zures [35].

Targets for ventilation are unclear, although main-
tenance of normocapnia  (PaCO2 35–45  mmHg) and 
 SpO2 > 94% is usually recommended [7]. Hypoxaemia 
 (SpO2 < 90%) in the first few hours after hospital admis-
sion is associated with a doubling of mortality after 
AIS [36]. A large randomized controlled trial found 
no benefit of routine supplementary oxygen [37], and 
oxygen supplementation can be detrimental in some 
cases. Thus, guidelines recommend that oxygen therapy 
should be avoided in non-hypoxaemic AIS patients, and 

Table 2 Common indications for ICU admission of patients with acute ischemic stroke

GCS Glasgow coma score scale, MCA middle cerebral artery, NIHSS National Institutes of Health stroke scale, NIV non-invasive ventilation

Intubation and ventilation Decreased level of consciousness (GCS < 8), airway protection, acute res-
piratory failure, evidence of brainstem dysfunction

Optimising systemic physiology Blood pressure, fluid balance, glucose, temperature, haemoglobin

Systemic organ support Cardiac dysfunction, mechanical ventilation/NIV, renal replacement therapy

Severe stroke NIHSS > 17, large MCA infarct volume (> 145 cm3)

Management of intracranial complications Seizures and status epilepticus, haemorrhagic transformation, malignant 
MCA syndrome, post decompressive craniectomy
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supplemental oxygen provided only to maintain oxygen 
saturation > 94% [7].

AIS patients should be extubated as soon as is prac-
tical and safe. Some may require tracheostomy when 
prolonged ventilation or airway protection is required, 
although optimal timing of tracheostomy remains 
unclear. The Stroke-related Early Tracheostomy vs. Pro-
longed Orotracheal Intubation in Neurocritical care 
Trial 2 (SETPOINT2) aims to identify the optimal tim-
ing of tracheostomy in ventilated stroke patients and 
clarify whether benefits in functional outcome can be 
achieved by early tracheostomy [38]. Decannulation 
requires endoscopic confirmation of adequate swallow 
or, if absent, consideration of feeding via a percutaneous 
gastrostomy. A recent randomized controlled trial dem-
onstrated that pharyngeal electrical stimulation improves 
swallow function after AIS and increases the proportion 
of patients whose tracheostomy can be decannulated 
[39].

Blood pressure management
Almost 80% of AIS patients present with systolic 
BP > 140  mmHg from a variety of causes, including 

pre-existing hypertension and/or neuroendocrine stress 
responses, sympathetic hyperactivity, or elevated ICP. 
Severe hypertension has many adverse effects, including 
increasing the risk of cardiorespiratory complications 
and cytotoxic oedema and haemorrhagic transforma-
tion of infarcted tissue. However, as noted earlier, ele-
vated BP may be beneficial in augmenting blood flow to 
the ischaemic penumbra following LVO. Return of BP to 
baseline after restoration of flow suggests that increased 
BP is closely linked to the presence of cerebral ischaemia 
[40]. Hypertension is associated with adverse outcome 
after AIS, particularly after EVT. In a retrospective study 
of 228 patients with anterior circulation stroke, higher 
maximum systolic BP in the first 24  h post-EVT was 
independently associated with worse 90-day functional 
outcome and higher rates of haemorrhagic complications 
[41]. Even modest post-procedure BP elevations appear 
to have adverse outcome effects. In a prospective study 
of 217 patients with LVO, a 10% increment in systolic BP 
in the first 24-h after EVT was independently associated 
with a higher likelihood of 3-month mortality (OR 1.49) 
and lower odds of 3-month functional independence 
(OR 0.70) [42]. Moreover, achieving a systolic BP target 

Fig. 2 Organ specific interventions during the intensive care management of patients with acute ischemic stroke. BP blood pressure, EVT endo-
vascular thrombectomy, ICP intracranial pressure, IPC intermittent pneumatic compression, LMWH low molecular weight heparin, NGT nasogastric 
tube, PaCO2 arterial carbon dioxide tension, SpO2 arterial oxygen saturation, tPA tissue plasminogen activator, VTE venous thromboembolism
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< 160/90  mmHg during this period was independently 
associated with lower rates of 3-month mortality. Blood 
pressure variability as well as absolute BP influences 
stroke outcomes. In a single-centre study, large BP fluc-
tuations in the first 24 h post-EVT were associated with 
worse outcomes in patients with failed LVO recanaliza-
tion [43].

Guidelines recommend that BP should be reduced 
below < 185/110 mmHg prior to IV tPA and maintained 
at that level for 24 h thereafter [7]. There is no clear evi-
dence to guide BP management after EVT, but it seems 
prudent to maintain systolic BP < 160 mmHg in the early 
post-procedure period with a proviso that this target is 
individualized based on degree of revascularization, col-
lateral blood flow, extent of infarction post-EVT, use of 
thrombolytics, and pre-existing cardiac and renal comor-
bidities. The benefits of initiating antihypertensive treat-
ment in patients that do not receive thrombolysis or have 
no other indications for acute BP lowering (e.g., myocar-
dial ischaemia or heart failure) is unknown, and guide-
lines recommend tolerating BP up to 220/120 mmHg in 
such patients [7]. However, it seems reasonable to reduce 
BP by 15% in the first 24 h after stroke onset for BP above 
these values and to start or restart antihypertensive 

medications after 24 h in patients that remain hyperten-
sive but neurologically stable [7].

Some observational studies have suggested an associa-
tion between low BP and worse outcomes after AIS [44]. 
However, a recent single-centre study found that 88% of 
patients had systolic BP below the recommended target 
during EVT, but that neither duration nor number of epi-
sodes of systolic BP < 140 mmHg affected discharge out-
come [28]. No studies have addressed the treatment of 
low BP after AIS [7]. While it is imperative to treat symp-
tomatic hypotension, there are no data to support the 
use of induced hypertension or choice of vasopressor/
inotrope [29]. Further investigation is required to identify 
optimal BP targets to avoid unnecessary administration 
of vasopressors; cumulative vasopressor dose has been 
associated with unfavourable outcomes after EVT [45].

A survey of StrokeNet sites in the USA found that the 
majority of institutions do not have standardized proto-
cols for post-EVT BP control, although BP management 
is individualized based on reperfusion status in many 
[46]. Future research should focus on understanding the 
impact of BP variability and cerebral autoregulatory sta-
tus on stroke outcomes, and determining whether BP is a 
therapeutic target or merely a marker of injury severity/
poor outcome [47].

Fig. 3 Advantages of general anesthesia and conscious sedation during endovascular thrombectomy. EEG electroencephalogram, ICP intracranial 
pressure, MCA middle cerebral artery, TCD transcranial Doppler, tPA tissue plasminogen activator
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Fever
Fever frequently complicates AIS. Temperature > 37.5  °C 
has been reported in up to one quarter of patients in first 
6  h after stroke onset and in about one-third by 24  h. 
Higher body temperature at admission and increases in 
temperature during the first 24  h after stroke onset are 
associated with worse outcomes [48].

While AIS-related fever may have a neurogenic origin, 
an infective cause should always be sought and treated 
[49]. Irrespective of origin, fever accelerates the ischae-
mic cascade and worsens neuronal injury. Thus, guide-
lines include a strong recommendation for prompt fever 
treatment in stroke patients [7]. First-line therapy is with 
antipyretic medications, although early and late treat-
ment with paracetamol has not been found to be of ben-
efit [50]. It is recommended that targeted temperature 
management should be initiated if antipyretic agents 
fail to control neurogenic fever > 37.5 °C within 1 h, and 
maintained for as long as there is potential for secondary 
brain damage [49].

Many preclinical studies support a neuroprotective role 
of therapeutic hypothermia in AIS [51], but its effective 
translation into clinical management is unproven [7]. The 
Endovascular Reperfusion and Cooling in Cerebral Acute 
Ischemia (ReCCLAIM I) study found no benefits from 
intravascular hypothermia after reperfusion therapy for 
AIS [52]. Infection is a significant complication of stroke 
and therapeutic hypothermia increases these baseline 
risks, particular for pneumonia [53].

Antiplatelet agents, anticoagulation, 
and thromboprophylaxis
Aspirin administration within 24–48  h from stroke 
onset is recommended with level 1 of evidence of a 50% 
reduction in rate and severity of early recurrent stroke 
(6–12 weeks) [7]. The role of other antiplatelet agents, or 
dual therapy, is not established. The clopidogrel in high-
risk patients with acute non-disabling cerebrovascular 
events’ (CHANCE) randomized trial found that short-
term dual platelet therapy with aspirin and clopidogrel 
started within 24 h and continued for 21 days after stroke 
onset and had a potential beneficial effect on 90-day sec-
ondary stroke prevention in a Chinese population [54]. 
In a subsequent study in an international population of 
patients with minor ischemic stroke or at high-risk TIA, 
those who received a combination of clopidogrel and 
aspirin had a lower risk of major ischaemic events, but 
a higher risk of major haemorrhage at 90 days compared 
to those who received aspirin alone [55]. Based on such 
evidence, it seems likely that dual antiplatelet therapy 
will become the treatment of choice in the future. Cana-
dian guidelines already recommend a combination of 
clopidogrel and aspirin for 21–30  days in patients with 

minor stroke (NIHSS 0–3) of non-cardioembolic origin, 
followed by de-escalation to antiplatelet monotherapy 
[56]. Antiplatelet therapy is often avoided in the first 
24 h following reperfusion therapy [6], but this approach 
requires further evaluation.

Urgent anticoagulation is not effective in preventing 
neurological deterioration or early stroke recurrence, 
or improving outcomes, after AIS [57]. There is also no 
evidence of benefit from anticoagulation in patients with 
severe stenosis of an internal carotid artery or non-occlu-
sive extracranial intraluminal thrombus [7].

Venous thromboembolism (VTE) is a potentially life-
threatening complication, varyingly reported to occur in 
10–75% of AIS patients [58]. As in other patient cohorts, 
prevention of thromboembolism is facilitated by early 
hydration and mobilisation [6]. Specific VTE prophylaxis 
should be considered in all patients when the potential 
benefits outweigh risks (e.g., intracranial haemorrhage) 
[7]. The Clots in Legs Or sTockings after Stroke (CLOTS) 
3 trial found that, compared to routine care, intermit-
tent pneumatic compression was associated with a 
reduction in the rate of deep-vein thrombosis (relative 
risk reduction 0.65, 95% CI 0.51–0.84; p = 0.001), a sig-
nificant improvement in 6-month survival (hazard ratio: 
0.86; 95% CI 0.73–0.99; p = 0.042) but not disability, with 
an increased incidence of skin breaks (3.1% vs. 1.4%, 
p = 0.002) [59]. Guidelines strongly recommend intermit-
tent pneumatic compression in immobile stroke patients 
without contraindications [7]. Any benefits of prophylac-
tic unfractionated or low molecular weight heparins are 
not well established. While pharmacological prophylaxis 
reduces the rate of deep venous thrombosis and pulmo-
nary embolism in AIS patients, it is not associated with 
reduced mortality or improved neurological outcomes 
because of increased risk of intra- and extracranial bleed-
ing [60]. A recent randomized trial including more than 
2000 general ICU patients receiving pharmacologic 
thromboprophylaxis found that adjunctive intermittent 
pneumatic compression did not result in a significantly 
lower incidence of proximal lower limb deep-vein throm-
bosis compared with pharmacologic thromboprophylaxis 
alone [61]. Whether the findings of this study are applica-
ble to AIS patients remains to be determined.

Glycaemic control and nutrition
The brain is dependent on a constant and adequate sup-
ply of glucose for oxidative metabolism. Acute hypo-
glycaemia can activate a cascade of events resulting in 
functional brain failure [62], whereas hyperglycaemia 
worsens intracellular acidosis, increases brain oedema 
and infarct size, disrupts the blood–brain barrier, and is 
associated with higher rates of infection [63].
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Hyperglycaemia during the first 24  h after AIS onset 
is associated with worse outcomes [64]. It increases the 
risk of reperfusion injury and haemorrhagic transforma-
tion, and is associated with impaired recanalization. The 
importance of uncontrolled hyperglycaemia  after AIS 
is reflected in guidelines which recommend that only 
assessment of blood glucose should precede the initiation 
of IV thrombolysis [7]. Optimal glycaemic management 
and blood glucose targets after AIS remain controversial, 
particularly in critically ill stroke patients. Preliminary 
data from the Stroke Hyperglycemia Insulin Network 
Effort (SHINE) study, which recruited 1151 patients from 
63 stroke units in the US, show that intensive glucose 
control (80–130  mg/dL) with insulin infusion does not 
improve 90-day functional outcome compared to stand-
ard control (< 180  mg/dL) with intermittent subcutane-
ous insulin [65]. In addition, intensive glucose control 
increased the risk of hypoglycaemia (< 40  mg/dL) and 
required increased supervision from nursing staff in this 
study.

Current guidelines recommend close monitoring of 
blood glucose after AIS and treatment of hyperglycae-
mia to maintain glucose in the range of 140–180  mg/
dL, with avoidance or immediate treatment of hypogly-
caemia (< 60  mg/dL) [7]. It seems reasonable to use IV 
insulin to control blood glucose in stroke patients on the 
ICU, where such practice is routine and the risk of hypo-
glycaemia likely lower than in other clinical areas such as 
stroke units. Higher glucose levels are more deleterious 
in patients with good collaterals compared to those with 
poor collaterals, raising the intriguing possibility that 
good collateral circulation at presentation might be an 
indication for more intensive glycaemic control [66].

The provision of adequate hydration and nutrition is 
crucial, but often limited by dysphagia which occurs in 
23–50% of AIS patients [67]. Dysphagia increases the 
risk for pulmonary aspiration, pneumonia and malnutri-
tion, adversely affects quality of life, and increases mor-
bidity and mortality. All AIS patients should undergo an 
early nurse-led swallow assessment followed by fibreop-
tic evaluation in those at risk for aspiration [7]. Patients 
should be maintained nil orally until an effective swallow 
is confirmed. Enteral feeding within 7 days from admis-
sion is associated with a 5.8% reduction in mortality after 
AIS. In patients with impaired swallow, enteral nutrition 
should initially be provided via a nasogastric tube [68], 
with percutaneous endoscopic gastrostomy reserved for 
those in whom persistent dysphagia is anticipated [7].

There is no clear evidence to guide optimum volume, 
duration, or mode of parenteral fluid administration in 
patients with poor oral fluid intake. Infusion of isotonic 
saline to maintain euvolaemia is recommended, with 

avoidance of hypotonic glucose-containing solutions and 
albumin [69].

Acute rehabilitation
Early mobilisation reduces post-stroke complications. 
Acute rehabilitation should be provided by organised, 
interprofessional stroke teams at intensities commen-
surate with tolerance and anticipated benefit [7]. High-
dose, early mobilisation (sitting, standing and walking) 
providing at least three out-of-bed sessions compared 
to usual care, and initiated within 24  h of stroke onset, 
reduces the odds of a favourable 3-month outcome com-
pared to standard care [70]. Speech and language therapy 
improves functional communication in patients with 
post-stroke aphasia.

Management of intracranial complications
Neurological deterioration may occur because of sei-
zures, extension of the infarct, haemorrhagic transforma-
tion, or worsening cerebral oedema.

Haemorrhagic transformation
Haemorrhagic transformation can occur in any patient, 
but is more common in those who have received tPA, 
EVT, or anticoagulation. Wake-up strokes and higher 
serum glucose levels are independent risk factors for the 
development of symptomatic intracranial haemorrhage 
after EVT, whereas complete recanalisation has a lower 
risk for haemorrhage compared to partial recanalisation 
[71].

There is no standardized management or robust evi-
dence to guide treatment of haemorrhagic transforma-
tion. tPA should be stopped if the infusion has not been 
completed, and pharmacological VTE prophylaxis tem-
porarily discontinued. Some recommend the suspension 
of aspirin for 5–7  days, although the risks and benefits 
of this approach are unknown; decisions to stop aspirin 
should be considered on an individual basis [29]. Lower-
ing systolic BP targets to < 160 mmHg is also reasonable 
in patients with sizable or symptomatic haemorrhagic 
transformation [72].

In the case of worsening symptomatic haemorrhage, 
particularly after tPA, cryoprecipitate and tranexamic 
acid are recommended [73], but there is no evidence 
for  their routine use. There are also no definitive data 
about the role of surgery. The decision to evacuate a hae-
matoma is determined by the size and location of the 
haemorrhage, and the patient’s overall clinical condi-
tion; evacuation of large hematomas may be lifesaving, 
whereas deeper, smaller haemorrhages are best managed 
conservatively.
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Cerebral oedema
Although successful reperfusion reduces final infarct vol-
ume, post-EVT oedema may lead to neurological deterio-
ration [74]. Clinically significant cerebral oedema leading 
to intracranial hypertension develops in a small but sig-
nificant proportion of patients with AIS, typically those 
with distal internal carotid artery occlusion or proximal 
occlusion of the middle cerebral artery (MCA). The latter, 
often referred to as ‘malignant MCA syndrome’ because 
of its life-threatening nature, leads to clinical deterio-
ration in two-thirds of affected patients within 48  h of 
stroke onset [75]. Malignant MCA syndrome has a mor-
tality rate of almost 80% if untreated and in excess of 50% 
despite maximal medical management. General medi-
cal measures to limit space-occupying oedema, such as 
osmotherapy, are often ineffective as sole therapy, but can 
be useful as a bridge to surgery [76].

Decompressive hemicraniectomy significantly 
decreases mortality and improves functional outcome in 
AIS patients younger than 60 years of age. A pre-planned 
merged analysis of 3 trials including 93 patients younger 
than 60  years of age in whom treatment was initiated 
within 48 h of stroke onset found that hemicraniectomy 
was associated with lower 12-month mortality compared 
to conservative management (22% vs. 71%, respectively, 
p < 0.0001; 50% absolute risk reduction) and a higher pro-
portion of patients with favourable outcomes [77]. The 
number needed to treat was 2 for survival with mRS 4 
or better, 4 for survival with mRS 3 or better, and 2 for 
survival irrespective of functional outcome. The ben-
efits of surgery were similar in patients older or younger 
than 50 years of age or in the presence or the absence of 
aphasia. A Cochrane systematic review incorporating the 
three original studies confirmed these findings, but cau-
tioned that an overestimation of effect size could not be 
excluded because all trials were stopped early [78].

The role of decompressive craniectomy in elderly 
stroke patients is more controversial. In the Decompres-
sive Surgery for the Treatment of Malignant Infarction of 
the Middle Cerebral Artery II (DESTINY II) trial, hemi-
craniectomy within 48  h of symptom onset in patients 
with malignant hemispheric infarction aged between 61 
and 82  years resulted in lower mortality (33% vs. 70%), 
but a higher proportion of survivors with severe disabil-
ity (mRS 4–5) compared to medical treatment [79]. No 
patient survived with no or minimal disability (mRS 0–2) 
in this study, highlighting the grave prognosis of malig-
nant MCA infarction in the elderly. Decisions to recom-
mend decompressive craniectomy must, therefore, be 
made not only in the context of its clinical indications, 
but also after consideration of an individual patient’s 
preferences and quality-of-life expectations.

Ethical considerations
Stroke patients often have impaired decisional capacity 
or deficits which limit their ability to communicate their 
wishes. Decisions to provide invasive interventions, such 
as mechanical ventilation or decompressive craniectomy, 
must often be based on the clinician’s assessment of likely 
prognosis balanced against interpretation of the patient’s 
wishes or values. In the absence of a clear advanced 
directive, interpretations of a patient’s wishes by family 
members and clinicians are often imperfect in gaining a 
valid understanding of what an individual patient would 
have chosen in this particular circumstance [80].

Individuals’ attitudes to levels of disability vary consid-
erably, although some appear to adapt to life-changing 
events and subsequently accept a degree of disability that 
they would previously have judged to be unacceptable 
[81]. Clinicians’ attitudes to disability also vary and may 
be different to those of their patients; this can lead to 
the withholding of treatments that a patient might have 
been willing to accept. The importance of shared decision 
making based on likely outcomes of therapeutic options 
after AIS, prolonged recovery times, and potential post-
procedure quality of life cannot be over-estimated [82].

Conclusion
Effective reperfusion strategies, including tPA and EVT, 
have revolutionized the management of AIS and can now 
be delivered in extended time windows in some patients 
based on neuroimaging criteria. Secondary insults, such 
as hypotension, hyperthermia, or hyperglycaemia, that 
can extend the penumbral region must be prevented or 
corrected. The ICU management of AIS patients, there-
fore, focuses on optimisation of systemic physiological 
homeostasis and management of intracranial compli-
cations. Meticulous blood pressure management is of 
central importance in improving outcomes, particularly 
in patients that have undergone reperfusion therapies. 
Together, a bundle of medical, endovascular and surgical 
strategies, when applied in a timely and consistent man-
ner, can improve long-term stroke outcomes.

Electronic supplementary material
The online version of this article (https ://doi.org/10.1007/s0013 4-019-05705 -y) 
contains supplementary material, which is available to authorized users.

Author details
1 Neurocritical Care Unit, The National Hospital for Neurology and Neuro-
surgery, University College London Hospitals, Queen Square, London, UK. 
2 Department of Medical Physics and Biomedical Engineering, University 
College London, London, UK. 3 Department of Anaesthesia and Intensive Care, 
Policlinico San Martino IRCCS for Oncology and Neuroscience, Genoa, Italy. 
4 Division of Neuroanesthesiology and Perioperative Neurosciences, Depart-
ment of Anesthesiology and Pain Medicine, University of Washington, Seattle, 
USA. 5 School of Medicine and Surgery, University of Milan-Bicocca, Milan, 
Italy. 6 Neurointensive Care Unit, San Gerardo Hospital, ASST-Monza, Monza, 
MB, Italy. 

https://doi.org/10.1007/s00134-019-05705-y
John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel


John Vogel




1187

Compliance with ethical standards

Conflicts of interest
MS is Editor-in-Chief of the Journal of Neurosurgical Anesthesiology. CR is a 
junior Editor of Intensive Care Medicine. GC is Editor-in-Chief of Intensive Care 
Medicine. The authors have no other conflicts to declare.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 7 May 2019   Accepted: 17 July 2019
Published online: 25 July 2019

References
 1. Gorelick PB (2019) The global burden of stroke: persistent and disabling. 

Lancet Neurol 18:417–418
 2. Bandera E, Botteri M, Minelli C, Sutton A, Abrams KR, Latronico N (2006) 

Cerebral blood flow threshold of ischemic penumbra and infarct core in 
acute ischemic stroke: a systematic review. Stroke 37:1334–1339

 3. Astrup J, Siesjo BK, Symon L (1981) Thresholds in cerebral ischemia—the 
ischemic penumbra. Stroke 12:723–725

 4. Lo EH (2008) A new penumbra: transitioning from injury into repair after 
stroke. Nat Med 14:497–500

 5. Stroke Unit Trialists’ Collaboration (2013) Organised inpatient (stroke unit) 
care for stroke. Cochrane Database Syst Rev 9:CD000197

 6. Kirkman MA, Citerio G, Smith M (2014) The intensive care management of 
acute ischemic stroke: an overview. Intensive Care Med 40:640–653

 7. Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC, 
Becker K, Biller J, Brown M, Demaerschalk BM, Hoh B, Jauch EC, Kidwell 
CS, Leslie-Mazwi TM, Ovbiagele B, Scott PA, Sheth KN, Southerland AM, 
Summers DV, Tirschwell DL (2018) Guidelines for the early management 
of patients with acute ischemic stroke: a guideline for healthcare profes-
sionals from the American Heart Association/American Stroke Associa-
tion. Stroke 49:e46–e110

 8. Emberson J, Lees KR, Lyden P, Blackwell L, Albers G, Bluhmki E, Brott T, 
Cohen G, Davis S, Donnan G, Grotta J, Howard G, Kaste M, Koga M, von 
KR, Lansberg M, Lindley RI, Murray G, Olivot JM, Parsons M, Tilley B, Toni D, 
Toyoda K, Wahlgren N, Wardlaw J, Whiteley W, del Zoppo GJ, Baigent C, 
Sandercock P, Hacke W (2014) Effect of treatment delay, age, and stroke 
severity on the effects of intravenous thrombolysis with alteplase for 
acute ischaemic stroke: a meta-analysis of individual patient data from 
randomised trials. Lancet 384:1929–1935

 9. Parsons M, Spratt N, Bivard A, Campbell B, Chung K, Miteff F, O’Brien B, 
Bladin C, McElduff P, Allen C, Bateman G, Donnan G, Davis S, Levi C (2012) 
A randomized trial of tenecteplase versus alteplase for acute ischemic 
stroke. N Engl J Med 366:1099–1107

 10. Thomalla G, Simonsen CZ, Boutitie F, Andersen G, Berthezene Y, Cheng 
B, Cheripelli B, Cho TH, Fazekas F, Fiehler J, Ford I, Galinovic I, Gellissen S, 
Golsari A, Gregori J, Gunther M, Guibernau J, Hausler KG, Hennerici M, 
Kemmling A, Marstrand J, Modrau B, Neeb L, Perez DLO, Puig J, Ringleb P, 
Roy P, Scheel E, Schonewille W, Serena J, Sunaert S, Villringer K, Wouters 
A, Thijs V, Ebinger M, Endres M, Fiebach JB, Lemmens R, Muir KW, Nighog-
hossian N, Pedraza S, Gerloff C (2018) MRI-guided thrombolysis for stroke 
with unknown time of onset. N Engl J Med 379:611–622

 11. Ma H, Campbell BCV, Parsons MW, Churilov L, Levi CR, Hsu C, Kleinig 
TJ, Wijeratne T, Curtze S, Dewey HM, Miteff F, Tsai CH, Lee JT, Phan TG, 
Mahant N, Sun MC, Krause M, Sturm J, Grimley R, Chen CH, Hu CJ, Wong 
AA, Field D, Sun Y, Barber PA, Sabet A, Jannes J, Jeng JS, Clissold B, Markus 
R, Lin CH, Lien LM, Bladin CF, Christensen S, Yassi N, Sharma G, Bivard A, 
Desmond PM, Yan B, Mitchell PJ, Thijs V, Carey L, Meretoja A, Davis SM, 
Donnan GA (2019) Thrombolysis guided by perfusion imaging up to 9 
hours after onset of stroke. N Engl J Med 380:1795–1803

 12. Badhiwala JH, Nassiri F, Alhazzani W, Selim MH, Farrokhyar F, Spears J, 
Kulkarni AV, Singh S, Alqahtani A, Rochwerg B, Alshahrani M, Murty NK, 
Alhazzani A, Yarascavitch B, Reddy K, Zaidat OO, Almenawer SA (2015) 

Endovascular thrombectomy for acute ischemic stroke: a meta-analysis. 
JAMA 314:1832–1843

 13. Goyal M, Menon BK, van Zwam WH, Dippel DW, Mitchell PJ, Demchuk 
AM, Davalos A, Majoie CB, van der Lugt A, de Miquel MA, Donnan 
GA, Roos YB, Bonafe A, Jahan R, Diener HC, van den Berg LA, Levy EI, 
Berkhemer OA, Pereira VM, Rempel J, Millan M, Davis SM, Roy D, Thornton 
J, Roman LS, Ribo M, Beumer D, Stouch B, Brown S, Campbell BC, van 
Oostenbrugge RJ, Saver JL, Hill MD, Jovin TG (2016) Endovascular 
thrombectomy after large-vessel ischaemic stroke: a meta-analysis of 
individual patient data from five randomised trials. Lancet 387:1723–1731

 14. Hankey GJ (2017) Stroke. Lancet 389:641–654
 15. Kaesmacher J, Mordasini P, Arnold M, Lopez-Cancio E, Cerda N, Boeckh-

Behrens T, Kleine JF, Goyal M, Hill MD, Pereira VM, Saver JL, Gralla J, Fischer 
U (2019) Direct mechanical thrombectomy in tPA-ineligible and -eligible 
patients versus the bridging approach: a meta-analysis. J Neurointerv 
Surg 11:20–27

 16. Tsivgoulis G, Katsanos AH, Schellinger PD, Kohrmann M, Varelas P, 
Magoufis G, Paciaroni M, Caso V, Alexandrov AW, Gurol E, Alexandrov AV 
(2018) Successful reperfusion with intravenous thrombolysis preceding 
mechanical thrombectomy in large-vessel occlusions. Stroke 49:232–235

 17. Nogueira RG, Jadhav AP, Haussen DC, Bonafe A, Budzik RF, Bhuva P, Yava-
gal DR, Ribo M, Cognard C, Hanel RA, Sila CA, Hassan AE, Millan M, Levy 
EI, Mitchell P, Chen M, English JD, Shah QA, Silver FL, Pereira VM, Mehta BP, 
Baxter BW, Abraham MG, Cardona P, Veznedaroglu E, Hellinger FR, Feng 
L, Kirmani JF, Lopes DK, Jankowitz BT, Frankel MR, Costalat V, Vora NA, 
Yoo AJ, Malik AM, Furlan AJ, Rubiera M, Aghaebrahim A, Olivot JM, Tekle 
WG, Shields R, Graves T, Lewis RJ, Smith WS, Liebeskind DS, Saver JL, Jovin 
TG (2018) Thrombectomy 6 to 24 hours after stroke with a mismatch 
between deficit and infarct. N Engl J Med 378:11–21

 18. Albers GW, Marks MP, Kemp S, Christensen S, Tsai JP, Ortega-Gutierrez S, 
McTaggart RA, Torbey MT, Kim-Tenser M, Leslie-Mazwi T, Sarraj A, Kasner 
SE, Ansari SA, Yeatts SD, Hamilton S, Mlynash M, Heit JJ, Zaharchuk G, Kim 
S, Carrozzella J, Palesch YY, Demchuk AM, Bammer R, Lavori PW, Broderick 
JP, Lansberg MG (2018) Thrombectomy for stroke at 6 to 16 hours with 
selection by perfusion imaging. N Engl J Med 378:708–718

 19. Mulder MJHL, Jansen IGH, Goldhoorn RB, Venema E, Chalos V, Compagne 
KCJ, Roozenbeek B, Lingsma HF, Schonewille WJ, van den Wijngaard IR, 
Boiten J, Albert VJ, Roos YBWE, van Oostenbrugge RJ, van Zwam WH, 
Majoie CBLM, van der Lugt A, Dippel DWJ (2018) Time to endovascular 
treatment and outcome in acute ischemic stroke: MR CLEAN registry 
results. Circulation 138:232–240

 20. Ismail M, Armoiry X, Tau N, Zhu F, Sadeh-Gonik U, Piotin M, Blanc R, 
Mazighi M, Bracard S, Anxionnat R, Schmitt E, Mione G, Humbertjean L, 
Lacour JC, Richard S, Barbier C, Lapergue B, Gory B (2019) Mothership ver-
sus drip and ship for thrombectomy in patients who had an acute stroke: 
a systematic review and meta-analysis. J Neurointerv Surg 11:14–19

 21. Hindman BJ, Dexter F (2019) Anesthetic management of emergency 
endovascular thrombectomy for acute ischemic stroke, part 2: integrat-
ing and applying observational reports and randomized clinical trials. 
Anesth Analg 128:706–717

 22. Talke PO, Sharma D, Heyer EJ, Bergese SD, Blackham KA, Stevens RD 
(2014) Society for neuroscience in anesthesiology and critical care expert 
consensus statement: anesthetic management of endovascular treat-
ment for acute ischemic stroke*: endorsed by the Society of NeuroIn-
terventional Surgery and the Neurocritical Care Society. J Neurosurg 
Anesthesiol 26:95–108

 23. Hindman BJ (2019) Anesthetic management of emergency endovascular 
thrombectomy for acute ischemic stroke, part 1: patient characteristics, 
determinants of effectiveness, and effect of blood pressure on outcome. 
Anesth Analg 128:695–705

 24. Whalin MK, Halenda KM, Haussen DC, Rebello LC, Frankel MR, Gershon RY, 
Nogueira RG (2017) Even small decreases in blood pressure during con-
scious sedation affect clinical outcome after stroke thrombectomy: an 
analysis of hemodynamic thresholds. AJNR Am J Neuroradiol 38:294–298

 25. Alcaraz G, Chui J, Schaafsma J, Manninen P, Porta-Sanchez A, Pereira VM, 
Venkatraghavan L (2019) Hemodynamic management of patients during 
endovascular treatment of acute ischemic stroke under conscious seda-
tion: a retrospective cohort study. J Neurosurg Anesthesiol 31:299–305

 26. Treurniet KM, Berkhemer OA, Immink RV, Lingsma HF, Ward-van der Stam 
VMC, Hollmann MW, Vuyk J, van Zwam WH, van der Lugt A, van Oosten-
brugge RJ, Dippel DWJ, Coutinho JM, Roos YBWE, Marquering HA, Majoie 

JohnVogel1


JohnVogel1




1188

CBLM (2018) A decrease in blood pressure is associated with unfavorable 
outcome in patients undergoing thrombectomy under general anesthe-
sia. J Neurointerv Surg 10:107–111

 27. Pikija S, Trkulja V, Ramesmayer C, Mutzenbach JS, Killer-Oberpfalzer M, 
Hecker C, Bubel N, Fussel MU, Sellner J (2018) Higher blood pressure 
during endovascular thrombectomy in anterior circulation stroke is 
associated with better outcomes. J Stroke 20:373–384

 28. Athiraman U, Sultan-Qurraie A, Nair B, Tirschwell DL, Ghodke B, Havenon 
AD, Hallam DK, Kim LJ, Becker KJ, Sharma D (2018) Endovascular treat-
ment of acute ischemic stroke under general anesthesia: predictors of 
good outcome. J Neurosurg Anesthesiol 30:223–230

 29. Jadhav AP, Molyneaux BJ, Hill MD, Jovin TG (2018) Care of the post-
thrombectomy patient. Stroke 49:2801–2807

 30. Kasner SE (2006) Clinical interpretation and use of stroke scales. Lancet 
Neurol 5:603–612

 31. Knopf L, Staff I, Gomes J, McCullough L (2012) Impact of a neurointensiv-
ist on outcomes in critically ill stroke patients. Neurocrit Care 16:63–71

 32. Pelosi P, Ferguson ND, Frutos-Vivar F, Anzueto A, Putensen C, Raymondos 
K, Apezteguia C, Desmery P, Hurtado J, Abroug F, Elizalde J, Tomicic V, 
Cakar N, Gonzalez M, Arabi Y, Moreno R, Esteban A (2011) Management 
and outcome of mechanically ventilated neurologic patients. Crit Care 
Med 39:1482–1492

 33. Kiphuth IC, Schellinger PD, Kohrmann M, Bardutzky J, Lucking H, Kloska 
S, Schwab S, Huttner HB (2010) Predictors for good functional outcome 
after neurocritical care. Crit Care 14:R136

 34. Santoli F, De JB, Hayon J, Tran B, Piperaud M, Merrer J, Outin H (2001) 
Mechanical ventilation in patients with acute ischemic stroke: survival 
and outcome at one year. Intensive Care Med 27:1141–1146

 35. Berrouschot J, Rossler A, Koster J, Schneider D (2000) Mechanical 
ventilation in patients with hemispheric ischemic stroke. Crit Care Med 
28:2956–2961

 36. Rowat AM, Dennis MS, Wardlaw JM (2006) Hypoxaemia in acute stroke is 
frequent and worsens outcome. Cerebrovasc Dis 21:166–172

 37. Roffe C, Nevatte T, Sim J, Bishop J, Ives N, Ferdinand P, Gray R (2017) Effect 
of routine low-dose oxygen supplementation on death and disability 
in adults with acute stroke: the stroke oxygen study randomized clinical 
trial. JAMA 318:1125–1135

 38. Schonenberger S, Niesen WD, Fuhrer H, Bauza C, Klose C, Kieser M, 
Suarez JI, Seder DB, Bosel J (2016) Early tracheostomy in ventilated stroke 
patients: study protocol of the international multicentre randomized trial 
SETPOINT2 (Stroke-related Early Tracheostomy vs. Prolonged Orotracheal 
Intubation in Neurocritical care Trial 2). Int J Stroke 11:368–379

 39. Dziewas R, Stellato R, van DTI, Walther E, Werner CJ, Braun T, Citerio G, 
Jandl M, Friedrichs M, Notzel K, Vosko MR, Mistry S, Hamdy S, McGowan 
S, Warnecke T, Zwittag P, Bath PM (2018) Pharyngeal electrical stimula-
tion for early decannulation in tracheotomised patients with neurogenic 
dysphagia after stroke (PHAST-TRAC): a prospective, single-blinded, 
randomised trial. Lancet Neurol 17:849–859

 40. Ko SB, Yoon BW (2017) Blood pressure management for acute ischemic 
and hemorrhagic stroke: the evidence. Semin Respir Crit Care Med 
38:718–725

 41. Mistry EA, Mistry AM, Nakawah MO, Khattar NK, Fortuny EM, Cruz AS, 
Froehler MT, Chitale RV, James RF, Fusco MR, Volpi JJ (2017) Systolic blood 
pressure within 24 hours after thrombectomy for acute ischemic stroke 
correlates with outcome. J Am Heart Assoc 6:e006167

 42. Goyal N, Tsivgoulis G, Pandhi A, Chang JJ, Dillard K, Ishfaq MF, Nearing K, 
Choudhri AF, Hoit D, Alexandrov AW, Arthur AS, Elijovich L, Alexandrov 
AV (2017) Blood pressure levels post mechanical thrombectomy and 
outcomes in large vessel occlusion strokes. Neurology 89:540–547

 43. Goyal N, Tsivgoulis G, Pandhi A, Dillard K, Alsbrook D, Chang JJ, Krishnaiah 
B, Nickele C, Hoit D, Alsherbini K, Alexandrov AV, Arthur AS, Elijovich L 
(2018) Blood pressure levels post mechanical thrombectomy and out-
comes in non-recanalized large vessel occlusion patients. J Neurointerv 
Surg 10:925–931

 44. Manning LS, Mistri AK, Potter J, Rothwell PM, Robinson TG (2015) Short-
term blood pressure variability in acute stroke: post hoc analysis of the 
controlling hypertension and hypotension immediately post stroke and 
continue or stop post-stroke antihypertensives collaborative study trials. 
Stroke 46:1518–1524

 45. Mundiyanapurath S, Stehr A, Wolf M, Kieser M, Mohlenbruch M, Bendszus 
M, Hacke W, Bosel J (2016) Pulmonary and circulatory parameter guided 

anesthesia in patients with ischemic stroke undergoing endovascular 
recanalization. J Neurointerv Surg 8:335–341

 46. Mistry EA, Mayer SA, Khatri P (2018) Blood pressure management after 
mechanical thrombectomy for acute ischemic atroke: a survey of the 
StrokeNet Sites. J Stroke Cerebrovasc Dis 27:2474–2478

 47. Wartenberg KE, Mayer SA (2017) Determining the optimal target blood 
pressure after thrombectomy: high or low? Neurology 89:528–529

 48. Greer DM, Funk SE, Reaven NL, Ouzounelli M, Uman GC (2008) Impact 
of fever on outcome in patients with stroke and neurologic injury: a 
comprehensive meta-analysis. Stroke 39:3029–3035

 49. Andrews PJD, Verma V, Healy M, Lavinio A, Curtis C, Reddy U, Andrze-
jowski J, Foulkes A, Canestrini S (2018) Targeted temperature man-
agement in patients with intracerebral haemorrhage, subarachnoid 
haemorrhage, or acute ischaemic stroke: consensus recommendations. 
Br J Anaesth 121:768–775

 50. den Hertog HM, van der Worp HB, van Gemert HM, Algra A, Kappelle 
LJ, van GJ, Koudstaal PJ, Dippel DW (2009) The paracetamol (acetami-
nophen) in stroke (PAIS) trial: a multicentre, randomised, placebo-con-
trolled, phase III trial. Lancet Neurol 8:434–440

 51. Dumitrascu OM, Lamb J, Lyden PD (2016) Still cooling after all these years: 
meta-analysis of pre-clinical trials of therapeutic hypothermia for acute 
ischemic stroke. J Cereb Blood Flow Metab 36:1157–1164

 52. Horn CM, Sun CH, Nogueira RG, Patel VN, Krishnan A, Glenn BA, Belagaje 
SR, Thomas TT, Anderson AM, Frankel MR, Schindler KM, Gupta R (2014) 
Endovascular reperfusion and cooling in cerebral acute ischemia (ReC-
CLAIM I). J Neurointerv Surg 6:91–95

 53. Basto FM, Lyden P (2018) Hypothermia in acute ischemic stroke therapy. 
Handb Clin Neurol 157:823–837

 54. Wang Y, Pan Y, Zhao X, Li H, Wang D, Johnston SC, Liu L, Meng X, Wang A, 
Wang C, Wang Y (2015) Clopidogrel with aspirin in acute minor stroke or 
transient ischemic attack (CHANCE) trial: one-year outcomes. Circulation 
132:40–46

 55. Johnston SC, Easton JD, Farrant M, Barsan W, Conwit RA, Elm JJ, Kim AS, 
Lindblad AS, Palesch YY (2018) Clopidogrel and aspirin in acute ischemic 
stroke and high-risk TIA. N Engl J Med 379:215–225

 56. Canadian Stroke Best Practices (2018) Recommendations for acute 
antiplatelet therapy. https ://www.strok ebest pract ices.ca/recom menda 
tions /acute -strok e-manag ement /acute -antip latel et-thera py#pSect ion-
Six-Recom menda tions -for-Acute -Antip latel et-Thera py. Accessed 26 June 
2019

 57. Sandercock PA, Counsell C, Kane EJ (2015) Anticoagulants for 
acute ischaemic stroke. Cochrane Database Syst Rev. https ://doi.
org/10.1002/14651 858.CD000 024.pub4

 58. Bembenek J, Karlinski M, Kobayashi A, Czlonkowska A (2011) Early stroke-
related deep venous thrombosis: risk factors and influence on outcome. J 
Thromb Thrombolysis 32:96–102

 59. Dennis M, Sandercock P, Reid J, Graham C, Forbes J, Murray G (2013) 
Effectiveness of intermittent pneumatic compression in reduction of risk 
of deep vein thrombosis in patients who have had a stroke (CLOTS 3): a 
multicentre randomised controlled trial. Lancet 382:516–524

 60. Sandercock PA, Counsell C, Tseng MC (2008) Low-molecular-weight 
heparins or heparinoids versus standard unfractionated heparin for 
acute ischaemic stroke. Cochrane Database Syst Rev. https ://doi.
org/10.1002/14651 858.CD000 119.pub3

 61. Arabi YM, Al-Hameed F, Burns KEA, Mehta S, Alsolamy SJ, Alshahrani 
MS, Mandourah Y, Almekhlafi GA, Almaani M, Al BA, Finfer S, Arshad Z, 
Khalid I, Mehta Y, Gaur A, Hawa H, Buscher H, Lababidi H, Al AA, Abdu-
kahil SAI, Jose J, Afesh LY, Al-Dawood A (2019) Adjunctive intermittent 
pneumatic compression for venous thromboprophylaxis. N Engl J Med 
380:1305–1315

 62. Cryer PE (2007) Hypoglycemia, functional brain failure, and brain death. J 
Clin Investig 117:868–870

 63. Kagansky N, Levy S, Knobler H (2001) The role of hyperglycemia in acute 
stroke. Arch Neurol 58:1209–1212

 64. Alvarez-Sabin J, Molina CA, Montaner J, Arenillas JF, Huertas R, Ribo M, 
Codina A, Quintana M (2003) Effects of admission hyperglycemia on 
stroke outcome in reperfused tissue plasminogen activator-treated 
patients. Stroke 34:1235–1241

 65. Johnston KC, Bruno A, Barrett K, et al. Stroke hyperglycemia insulin net-
work effort (SHINE) trial primary results. International Stroke Conference 

https://www.strokebestpractices.ca/recommendations/acute-stroke-management/acute-antiplatelet-therapy#pSection-Six-Recommendations-for-Acute-Antiplatelet-Therapy
https://www.strokebestpractices.ca/recommendations/acute-stroke-management/acute-antiplatelet-therapy#pSection-Six-Recommendations-for-Acute-Antiplatelet-Therapy
https://www.strokebestpractices.ca/recommendations/acute-stroke-management/acute-antiplatelet-therapy#pSection-Six-Recommendations-for-Acute-Antiplatelet-Therapy
https://doi.org/10.1002/14651858.CD000024.pub4
https://doi.org/10.1002/14651858.CD000024.pub4
https://doi.org/10.1002/14651858.CD000119.pub3
https://doi.org/10.1002/14651858.CD000119.pub3


1189

2019. Available at: https ://nett.umich .edu/sites /defau lt/files /docs/shine 
_isc_2019.final .pdf. Accessed 16 Apr 2019

 66. Kim JT, Liebeskind DS, Jahan R, Menon BK, Goyal M, Nogueira RG, Pereira 
VM, Gralla J, Saver JL (2018) Impact of hyperglycemia according to the 
collateral status on outcomes in mechanical thrombectomy. Stroke 
49:2706–2714

 67. Singh S, Hamdy S (2006) Dysphagia in stroke patients. Postgrad Med J 
82:383–391

 68. Dennis M, Lewis S, Cranswick G, Forbes J (2006) FOOD: a multicentre ran-
domised trial evaluating feeding policies in patients admitted to hospital 
with a recent stroke. Health Technol Assess 10:1

 69. Oddo M, Poole D, Helbok R, Meyfroidt G, Stocchetti N, Bouzat P, Cecconi 
M, Geeraerts T, Martin-Loeches I, Quintard H, Taccone FS, Geocadin 
RG, Hemphill C, Ichai C, Menon D, Payen JF, Perner A, Smith M, Suarez 
J, Videtta W, Zanier ER, Citerio G (2018) Fluid therapy in neurointensive 
care patients: ESICM consensus and clinical practice recommendations. 
Intensive Care Med 44:449–463

 70. AVERT Trial Collaboration Group (2015) Efficacy and safety of very early 
mobilisation within 24 h of stroke onset (AVERT): a randomised con-
trolled trial. Lancet 386:46–55

 71. Neuberger U, Kickingereder P, Schonenberger S, Schieber S, Ringleb PA, 
Bendszus M, Pfaff J, Mohlenbruch MA (2019) Risk factors of intracranial 
hemorrhage after mechanical thrombectomy of anterior circulation 
ischemic stroke. Neuroradiology 61:461–469

 72. McDermott M, Jacobs T, Morgenstern L (2017) Critical care in acute 
ischemic stroke. Handb Clin Neurol 140:153–176

 73. Frontera JA, Lewin JJ III, Rabinstein AA, Aisiku IP, Alexandrov AW, Cook 
AM, del Zoppo GJ, Kumar MA, Peerschke EI, Stiefel MF, Teitelbaum JS, 
Wartenberg KE, Zerfoss CL (2016) Guideline for reversal of antithrombot-
ics in intracranial hemorrhage: a statement for healthcare professionals 
from the Neurocritical Care Society and Society of Critical Care Medicine. 
Neurocrit Care 24:6–46

 74. Kimberly WT, Dutra BG, Boers AMM, Alves HCBR, Berkhemer OA, van den 
Berg L, Sheth KN, Roos YBWE, van der Lugt A, Beenen LFM, Dippel DWJ, 
van Zwam WH, van Oostenbrugge RJ, Lingsma HF, Marquering H, Majoie 
CBLM (2018) Association of reperfusion with brain edema in patients 
with acute ischemic stroke: a secondary analysis of the MR CLEAN Trial. 
JAMA Neurol 75:453–461

 75. Huttner HB, Schwab S (2009) Malignant middle cerebral artery infarction: 
clinical characteristics, treatment strategies, and future perspectives. 
Lancet Neurol 8:949–958

 76. Smith M (2017) Refractory intracranial hypertension: the role of decom-
pressive craniectomy. Anesth Analg 125:1999–2008

 77. Vahedi K, Hofmeijer J, Juettler E, Vicaut E, George B, Algra A, Amelink GJ, 
Schmiedeck P, Schwab S, Rothwell PM, Bousser MG, van der Worp HB, 
Hacke W (2007) Early decompressive surgery in malignant infarction 
of the middle cerebral artery: a pooled analysis of three randomised 
controlled trials. Lancet Neurol 6:215–222

 78. Cruz-Flores S, Berge E, Whittle IR (2012) Surgical decompression for 
cerebral oedema in acute ischaemic stroke. Cochrane Database Syst Rev. 
https ://doi.org/10.1002/14651 858.CD003 435.pub2

 79. Juttler E, Unterberg A, Woitzik J, Bosel J, Amiri H, Sakowitz OW, Gondan 
M, Schiller P, Limprecht R, Luntz S, Schneider H, Pinzer T, Hobohm C, 
Meixensberger J, Hacke W (2014) Hemicraniectomy in older patients with 
extensive middle-cerebral-artery stroke. N Engl J Med 370:1091–1100

 80. Fried TR, Zenoni M, Iannone L, O’Leary J, Fenton BT (2017) Engagement in 
advance care planning and surrogates’ knowledge of patients’ treatment 
goals. J Am Geriatr Soc 65:1712–1718

 81. Honeybul S, Gillett GR, Ho KM, Janzen C, Kruger K (2016) Is life worth liv-
ing? Decompressive craniectomy and the disability paradox. J Neurosurg 
125:775–778

 82. Muehlschlegel S, Shutter L, Col N, Goldberg R (2015) Decision aids and 
shared decision-making in neurocritical care: an unmet need in our 
NeuroICUs. Neurocrit Care 23:127–130

https://nett.umich.edu/sites/default/files/docs/shine_isc_2019.final.pdf
https://nett.umich.edu/sites/default/files/docs/shine_isc_2019.final.pdf
https://doi.org/10.1002/14651858.CD003435.pub2
John Vogel



	Acute ischaemic stroke: challenges for the intensivist
	Abstract 
	Purpose: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Reperfusion strategies
	IV thrombolysis
	Endovascular thrombectomy
	Extended treatment windows

	Anesthesia for endovascular thrombectomy
	Intensive care management
	Airway and respiratory management
	Blood pressure management
	Fever
	Antiplatelet agents, anticoagulation, and thromboprophylaxis
	Glycaemic control and nutrition
	Acute rehabilitation

	Management of intracranial complications
	Haemorrhagic transformation
	Cerebral oedema

	Ethical considerations
	Conclusion
	References




