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Foreword

This document supersedes the existing professional
multisociety consensus guidance published in 2015.1 It has
been produced in order to respond to the considerable
volume of relevant new high-quality trial evidence that has
become available since September 2015. It should be
emphasised that this document remains applicable to all
constituent nations of the UK, and thus, deliberately avoids
the use of acronyms or reference to structures that do not
pertain to all four nations wherever possible. The guidance
was developed (and is now updated) to aid thrombectomy
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delivery by describing the key requirements for an endo-
vascular stroke therapy service, including the service sup-
port requirements and basic performance standards that
should be met. Indeed, it substantially influenced the
commissioning of thrombectomy by NHS England in 2017.

The standards guidance is intended to support all med-
ical staff and allied health professionals who directly
contribute to the delivery of thrombectomy. Both editions of
the standards guidance were drawn up through consensus
by a working party of appointed representatives from the
British Association of Stroke Physicians, the British Society
of Neuroradiologists, the Intercollegiate Stroke Working
Party, the Neuroanaesthesia and Critical Care Society and
the United Kingdom Neurointerventional Group. Drafts
were modified in response to review by committees in each
society or group. This document draws on publications from
other organisations, but is intended to be (whole) UK-
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focussed, practical, and pathway-orientated. The guidance
is a consensus on the minimum service standards required
to support a thrombectomy service in terms of specialist
staffing/skill mix and the organisation of services. These
standards are required in order to minimise the inherent
risks related to the mechanical thrombectomy (MT) care
pathway and to account for new data from the key trials.

It is recommended that acute stroke thrombectomy
should only be undertaken within specialist stroke centres
that fulfil agreed standards of care for infrastructure, in-
formation technology, imaging equipment, staff, and pro-
cess. Every centre where such procedures are undertaken
has a duty to ensure that safe arrangements are in place. The
evidence for thrombectomy efficacy may not be general-
isable outside neuroscience/experienced comprehensive
stroke centres2 and broad MT implementation without
reference to evidence-based professional standards may
risk lower individual and population treatment benefit and
result in more patient harm.

Introduction

Over 113,000 individuals have a stroke each year in the
UK, and there are around 1 million stroke survivors
currently.3,4 The current UK annual societal cost of stroke is
£25.6 billion.5 The natural history for patients with stroke
secondary to occlusion of a proximal intracranial vessel is
most severe. For example, the National Institute of Neuro-
logical Disorders and Stroke (NINDS) trial demonstrated
that only 10% of patients with an National Institutes for
Health stroke scale (NIHSS) score of 20 or more achieved
independence at 3 months.6

The outcome of immediate treatment of ischaemic
stroke due to large vessel occlusion (LVO) is dependent on
recanalisation of an occluded vessel. Successful recanalisa-
tion is associated with increased odds of independence and
reduced mortality.7 Broadly, this can be achieved using
thrombolytic drugs and/or MT, a neurointerventional pro-
cedure performed using radiological guidance. Intravenous
(IV) alteplase has been the mainstay of acute stroke treat-
ment; however, it shows limited ability to break down LVOs.
Transcranial Doppler studies have shown that, 2 h after
thrombolysis treatment, only 44%, 29%, and 10% of distal
middle cerebral arteries, proximal middle cerebral arteries,
and terminal internal carotid arteries, respectively, achieve
complete recanalisation.8

MT clearly shows superior clinical outcomes over best
medical therapy including use of IV alteplase, if patients are
selected based on non-invasive imaging that identifies a
LVO in the anterior circulation and a limited (irretrievable)
core infarct.9e14

Evidence base for thrombectomy

Anterior circulation

Five pivotal randomised trials comparingMT using stent-
retriever devices to best medical therapy were published in
2015. The initial publication, (1) MR CLEAN (Multicenter
Randomized Clinical Trial of Endovascular Treatment for
Acute Ischemic Stroke in the Netherlands; n¼500)9

demonstrated that MT in addition to standard therapy
(whichmay have included IV alteplase) delivered within 6 h
of ischaemic stroke resulted in a 13.5% absolute increase in
functional independencewith no difference in symptomatic
haemorrhage or mortality. Patients with acute ischaemic
stroke (with immediate computed tomography [CT] or
magnetic resonance imaging [MRI] brain imaging at pre-
sentation) had a proximal arterial occlusion (terminal in-
ternal carotid artery [ICA], M1 or M2) shown on CTA. The
positive result of MR CLEAN triggered a review of the results
in a number of contemporaneous trials. These were then
halted at an earlier time point. The subsequent publications
in 2015 included: (2) ESCAPE (Endovascular Treatment for
Small Core and Proximal Occlusion Ischemic Stroke;
n¼316)10 confirmed that using more advanced imaging
assessment (Multiphase CTA) to identify patients with LVO
and good collaterals, suitable for treatment with MT within
12 h of onset (15% randomised beyond 6 h), was beneficial
and resulted in 24% absolute increase in functional
outcome. Patients who could not receive IV alteplase also
appeared to benefit. (3) EXTEND IA (Extending the Time for
Thrombolysis in Emergency Neurological Deficits d Intra-
Arterial; n¼70)11 used perfusion imaging to identify
potentially salvageable brain tissue with treatment
completed within 8 h. Although there were significant dif-
ferences favouring MT (31% absolute increase in functional
independence), it should be noted that the patients were
highly selected. (4) SWIFT PRIME (Solitaire� with the
Intention for Thrombectomy as Primary Endovascular
Treatment for Acute Ischemic Stroke; n¼196)12 confirmed
that using a complex imaging strategy of CT/CT angiography
(CTA) and CT/magnetic resonance perfusion imaging to
identify patients treated within 6 h of onset, resulted in a
25% absolute increase in favourable outcome. Of note, the
median time of arrival in the emergency department to
groin puncture was 90 minutes. (5) REVASCAT (A Ran-
domized Trial of Revascularization with Solitaire FR� De-
vice vs. Best Medical Therapy in the Treatment of Acute
Stroke Due to Anterior Circulation Large Vessel Occlusion
Presenting within Eight-Hours of Symptom Onset;
n¼206)13 demonstrated that in patients with evidence of
LVO without large ischaemic core (perfusion imaging), who
failed to revascularise after 30 minutes of IV alteplase, de-
livery of MT within 8 h of onset resulted in a 15% absolute
increase in functional outcome.

Following publication of these trials, the HERMES (The
Highly Effective Reperfusion evaluated in Multiple Endo-
vascular Stroke Trials) collaboration analysed pooled indi-
vidual patient-level data.14 This meta-analysis confirmed
the benefit of thrombectomy. Overall, the number needed
to treat to reduce disability by at least one level on the
modified Rankin Scale (mRS) for one patient was 2.6. This
included benefit for those patients treated with or without
prior alteplase, for octogenarians and for those with or
without tandem ICA lesions. There was benefit of treatment
across the range of clinical stroke severity and there was



1 6e16 h since time last known well: < Age �80 years and NIHSS�6:
infarct core volume <70 ml and penumbra volume >15 ml and ratio of
ischaemic tissue/core volume >1.8.
2 6e24 hours since time last known well: < Age <80 years: infarct core

�30 ml if NIHSS �10; infarct core �51 ml if NIHSS �20. < Age �80 years:
infarct core �20 ml and NIHSS �10.
3 Whilst considering the above, take into account the person’s overall

clinical status and the extent of established infarction on initial brain im-
aging to inform decisions about thrombectomy. Select people who have a
pre-stroke functional status of <3 on the modified Rankin scale and a score
of >5 on the NIHSS.
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confirmation of benefit for patients with a baseline infarct
extent of ASPECTS (Alberta Stroke Program Early CT Score)
of � 6 with treatment commenced before 6 h of onset.

The French THRACE trial (Trial and Cost Effectiveness
Evaluation of Intra-arterial Thrombectomy in Acute
Ischemic Stroke; n¼400)15 was subsequently published in
August 2016. The trial compared results for IV alteplase
delivered within 4 h to IV alteplase within 4 h plus MT
starting within 5 h, the shortest time window of all trials,
selected based on CTA or magnetic resonance angiography
(MRA). Importantly, imaging assessment of core infarct size
using ASPECTS or perfusion was not used to exclude pa-
tients, representing the widest patient selection profile of
all randomised controlled trials (RCTs) to date except MR
CLEAN. There was an 11% absolute increase in functional
outcome in the interventional arm. Two additional trials
were also published in 2016: THERAPY,16 using the Pen-
umbra aspiration system rather than a stent-retriever and
PISTE (Pragmatic Ischaemic Stroke Thrombectomy Evalua-
tion).17 THERAPY (The Randomized, Concurrent Controlled
Trial to Assess the Penumbra System’s Safety and Effec-
tiveness in the Treatment of Acute Stroke) did not achieve
its primary endpoint but was an underpowered sample.
PISTE was a pragmatic trial conducted in the UK only, which
reported a trend to improved outcome, with an odds ratio
for Rankin shift analysis remarkably similar to that of the
HERMES meta-analysis.14 PISTE did not reach statistical
significance on intention to treat analysis likely due to the
small number recruited when the trial was stopped early
after publication of MR CLEAN. The HERMES collaboration
performed subsequent patient-level meta-analyses of seven
randomised trials and showed significant benefit for pa-
tients with an ASPECTS score of 5e718 and for patients with
proximal M2 occlusions.19

In 2018, two further trials were published. These in-
vestigations aimed to assess the utility of MT in patients last
seenwell beyond the accepted therapeutic timewindow of 6
h, including thosepatientspresentingwith “wake-up” stroke.
The DAWN (DWI or CTP Assessment with Clinical Mismatch
in the Triage of Wake-Up and Late Presenting Strokes) trial
(n¼206)20 compared MT with best medical treatment in
patients last seen well between 6 and 24 h prior to presen-
tation. Patients were selected for MT based on a clinico-
radiological mismatch with small volume infarct core
demonstrated on perfusion imaging (defined according to
age with a threshold at 80 years). An improvement in func-
tional independence of 33%wasdemonstrated in theMTarm.
The DEFUSE 3 (Diffusion and perfusion imaging Evaluation
For Understanding Stroke Evolution; n¼182) trial21

compared MT to best medical treatment in patients last
seenwell at 6e16h. This trial usedperfusion imaging to select
patients with a limited infarct core (<70 ml) and ratio of the
volume of penumbral tissue to infarct core volume of �1.8.
The trial demonstrated a 28% improvement in functional in-
dependence in the MT arm and a 12% reduction in mortality.

Considering the prevailing evidence, the European
Stroke Organisation (ESO) and European Society for Mini-
mally Invasive Neurological Therapy (ESMINT) have made
the following recommendations22:
(1) In adults with anterior circulation LVO-related acute
ischaemic stroke presenting within 6 h after symptom
onset, we recommend MT plus best medical manage-
mentdincluding intravenous thrombolysis whenever
indicateddover best medical management alone to
improve functional outcome. Quality of evidence: High
4444; strength of recommendation: Strong [[

(2) In adults with anterior circulation LVO-related acute
ischaemic stroke presenting between 6 and 24 h from
time last known well and fulfilling the selection criteria
of DEFUSE-31 or DAWN,2 we recommend MT plus best
medical management over best medical management
alone to improve functional outcome. Quality of evi-
dence: Moderate 444; strength of recommendation:
Strong [[

The National Institute for Health & Clinical Excellence
(NICE) guidelines, 201923 state:

(1) Offer thrombectomy as soon as possible* and within 6 h
of symptom onset, together with intravenous throm-
bolysis (if not contraindicated and within the licensed
time window)

� to people who have acute ischaemic stroke and
� confirmed occlusion of the proximal anterior circula-
tion demonstrated by computed tomographic angiog-
raphy (CTA) or magnetic resonance angiography (MRA).

(2) Offer thrombectomy as soon as possible3

� to people who were last known to be well between 6
and 24 h previously (including wake-up strokes) who
have acute ischaemic stroke and confirmed occlusion of
the proximal anterior circulation demonstrated by CTA
or MRA and

� if there is the potential to salvage brain tissue, as shown
by imaging such as CT perfusion or diffusion-weighted
MRI sequences showing limited infarct core volume.
Posterior circulation

Outcomes after basilar artery thrombosis are usually
poor, with approximately 80% being dead or dependent at
follow-up.24 It has been shown that recanalisation rates of
80e90% can be achieved with MT25 and a meta-analysis of
multiple case series reported favourable outcomes in 42.8%,
which is better than expected without intervention26;
however, the evidence base for the use of MT in this patient
group is much less substantial than for the anterior
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circulation. Two randomised trials have been undertaken to
assess the efficacy of MT in the posterior circulation, BEST
(Basilar Artery Occlusion Endovascular. Intervention versus
Standard Medical Treatment) and BASICS (BASilar artery
International Cooperation Study).

The BEST trial27 (n¼131) was terminated early because of
high crossover rate to MT and poor recruitment. Patients
had been randomly assigned with 66 patients allocated to
the MT group treated using a stent-retriever or thrombo-
aspiration system (plus IV alteplase if within 4.5 h of
stroke onset) aiming to recanalise the vessel within 10 h of
symptom onset and 65 patients allocated to the control
group (treated with IV alteplase if within 4.5 h of stroke
onset). The intention to treat analysis showed no significant
difference in favourable outcome (mRs 0e3 at 90 days) and
mortality outcomes were similar.

The BASICS trial28 (n¼300) randomised 154 patients to
MT within 6 h of stroke onset (plus IV alteplase delivered
within 4.5 h where indicated). Angioplasty or stenting of
the vertebral artery in patients assigned to MT was allowed
if a stenosis impaired access to the basilar artery and
stenting of the basilar artery was allowed if there was re-
sidual stenosis after thrombectomy. One hundred and forty-
six patients were allocated to a control group whose
treatment included delivery of IV alteplase if indicated
based on local protocols. Those treated with MT demon-
strated a favourable outcome rate of 44.2% as compared to
37.7% in the control arm, yielding an absolute risk reduction
of 6.5%, much lower than predicted (on trial powering),
partly due to better than expected outcomes in the medical
arm. Although caution should be applied in interpretation,
subgroup analysis did suggest a significant benefit of MT for
patients with a severe stroke, defined as an NIHSS of �10.
The occurrence of symptomatic intracranial haemorrhage
(SICH) within 3 days was not statistically different in the
two arms, indicating that MT is safe in this setting. This
information was not available at the time NICE guidelines
were drawn up; however, NICE supports consideration of
MT in patients with basilar artery occlusion.23
Organisation of care

Clinical networks

Formal MT networks should be developed between hub
and spoke sites encompassing referring Acute Stroke Cen-
tres (ASC) served by regional Comprehensive Stroke Centres
(CSC) delivering MT. This structure was identified as the
preferred model by a Delphi and ranking exercise with
clinical stroke and neurointerventional experts on the de-
livery of thrombectomy services in the UK.29 These net-
works may sit inside, alongside or in close partnership with,
other regional organisations (e.g., Integrated Stroke De-
livery Networks in England).

The aim of the network is to facilitate swift patient
transfer and safely minimise stroke onset to reperfusion
time to optimise patient outcomes.30 This can be achieved
through improvements in and sustainability of high-quality
communication and referral processes between units to
allow fast decision-making, transfer, and repatriation with
robust governance structures and quality-improvement
processes. The network should encompass: the ambulance
services; staff from referring ASCs (stroke physicians,
specialist stroke nursing staff, radiologists, anaesthesiolo-
gists, intensive care physicians); and staff from the CSC
providing MT services (stroke physicians, specialist stroke
nursing staff, radiologists, anaesthetists, emergency physi-
cians, intensive care physicians, neurointerventional
specialists).

A network should employ rapid image sharing systems;
rapid communication systems; rapid patient transfer pro-
tocols and procedures; rapid repatriation procedures;
formal governance arrangements to review cases referred
for MT (irrespective of whether a procedure was performed
or not) on at least a quarterly basis; and quality-
improvement processes that include methods of data
collection to assess regional pathway metrics.

Networks should seek to create patient care pathways
that cross organisations seamlessly; agree regional imaging
protocols including developing advanced imaging (multi-
phase CTA, CTP and/or MRI) in referring hospitals; set
network-wide standards that apply to the MT pathway;
embed a quarterly meeting to review processes and pro-
tocols and improve quality; establish educational meetings
inclusive of all clinicians in the pathway to facilitate service
development, patient identification and rapid referral;
establish back-up plans in the event of MT facility failure or
major incident precluding operation of pathway.

Pre-hospital care

Emergency Medical Services (EMS) play a vital role in
hyper-acute stroke care and local protocols and algorithms
should be in place for dispatch, assessment, pre-notification
and transport strategies. All suspected stroke patients
potentially eligible for intravenous thrombolysis should be
transferred immediately to the closest centre with hyper-
acute stroke services (ASC or CSC) experienced in deliv-
ering this treatment with early notification of the specialist
stroke team. Patients with suspected stroke and a contra-
indication to IV alteplase should be equally prioritised.

In hospitals receiving acute stroke patients, pre-alert
protocols may be extended to include patients presenting
beyond 4.5 h and include wake-up strokes or strokes
without an immediately apparent onset time. Time exten-
sion should be agreed locally by networks.

Construction of protocols for EMS triage direct to CSCs
remains controversial. Despite the theoretical advantage of
reducing time to reperfusion,31e33 this has two principle
potential downsides including (1) reduction in case
numbers below national guidelines for the acute stroke
centre (so impacting on sustainability of that service) and
(2) the potential to overwhelm the CSC with admissions.34

The RACECAT (Rapid Arterial Occlusion Evaluation Trial)
trial showed no significant difference in outcomes for those
triaged direct to the CSC versus those who were initially
treated at an acute stroke unit and thence transferred to the



Table 1
Optimisation of DIDO time.38,39

� Organisation of rotas to ensure all necessary staff are available to
support the thrombectomy pathway, mirroring MT availability in
the thrombectomy centre

� Utilisation of pre-hospital alert systems
� Rapid assessment and triage by appropriately trained staff “at the
front door”

� Rapid imaging including simultaneous non-contrast CT and CTA for
all patients suspected of having an LVO

� Minimal “door to CTA times”
� Consideration of simultaneous CTP for those last seen well 6e24hrs
in the ASC. If CTP is not available at local ASC, it would be reasonable
to organise transfer in the event of favourable ASPECTs on NCCT/CTA

� Swift local radiological interpretation and/or utilisation of auto-
mated CTA/multiphase CTA/CTP post-processing software

� Automated image sharing with the comprehensive stroke centre
� Rapid administration of IV alteplase if appropriate
� Simultaneous rapid communication with the CSC and activation of
patient transfer

� It is the responsibility of the CSC to respond with a decision as fast as
possible

� ASC should target a median DIDO time of <45 minutes. Accurate
data entry for National audit database (such as SSNAP in England) to
record and share DIDO times across a network would be valuable

� Retaining the initial ambulance crew for transfer is associated with
significantly shorter DIDO times39 and efforts to build this into local
processes should be made

� Many of these factors will represent areas for quality improvement

MT: mechanical thrombectomy; CT: computed tomography; CTA: CT angi-
ography; CTP: CT perfusion; NCCT: non-contrast CT; LVO: large vessel oc-
clusion; ASPECTS: Alberta Stroke Program Early CT Score; CSC:
comprehensive stroke centre; DIDO time: door in-door out time; ASC: acute
stroke centre; SSNAP: Stroke Sentinal National Audit Programme
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CSC but it is worth pointing out that the door in-door out
(DIDO) times in this study were exceptionally fast.35 Con-
struction of local protocols that alter the patient pathway
should be made on a regional basis with appropriate
stakeholder support and resourcing.

A number of pre-hospital clinical scales for identification
of LVO have been constructed. Current evidence suggests
that these are of insufficient sensitivity and specificity to be
widely deployed.36 Video triage may represent a future
development to facilitate EMS triage but is currently under
investigation. A mechanism should exist for providing
feedback to the EMS and referring centres to highlight
which aspects of care went well and identify areas for
improvement. The quarterly (or more frequent) MTmeeting
could be developed to fulfil this role. Continuing education
of EMS staff is vital and efforts should be made to establish
regular training including clinical updates within EMS staff
education programmes.

ASC and inter-hospital transfer

The role of the ASC in the patient pathway cannot be
underestimated. The majority of thrombectomy patients
undergo initial assessment in an ASC with secondary
transfer. The ASC is responsible for initial diagnosis and
treatment and also has a role in improving patient flow
through a regional network by facilitation of both swift
patient transfer for MT treatment and efficient repatriation
for ongoing care.

Door in-Door out times
The emphasis of care in ASCs should be on minimising

DIDO time for patients transferred for MT. Longer DIDO
times may have a deleterious effect on outcomes and may
represent the single biggest modifiable factor in onset to
recanalisation time.30 There can be significant variability in
DIDO times between ASCs.37 Optimisation of DIDO times is
summarised in Table 1 (modified from 38,39).

Telemedicine and artificial intelligence tools
Stroke specialist assessment of the patient in the ASC,

particularly out of hours, may be facilitated by shared
regional rotas and telemedicine. The role of telemedicine in
stroke has been extensively reviewed.40

Artificial intelligence (AI) platforms may be useful in
aiding clinical imaging interpretation, particularly in hos-
pitals that have limited access to neuroimaging specialists.
These tools have been shown to also identify regions of core
infarction (including ASPECTS estimation and volume esti-
mation), identify LVOs, estimate collateral flow and post-
process perfusion imaging to display regions of core
infarct and penumbra with volumetric assessment.41

� Stroke AI platforms can process large imaging datasets
rapidly and have the potential to accelerate decision-
making and reduce patient transfer times between
primary and comprehensive stroke centres.42

� The sensitivity and specificity of AI platforms for diag-
nosis of ischaemic stroke and detection of LVO vary. It is
therefore imperative that clinical decisions based on AI
interpretation of acute imaging are made by clinicians
that are aware of the limitations of AI and are able to
interpret the imaging independently.43 Further research
is urgently required to fully evaluate these tools.

� Themajority of current commercially available stroke AI
vendors employ cloud services to facilitate rapid
transfer of neuroimaging data across multiple platforms
and health organisations. To ensure information gover-
nance requirements are met, vendors should fulfil
published guidelines and national standards.44,45

� Primary clinical review of images should be undertaken
on diagnostic workstations. If images are reviewed on
mobile platforms (laptops, tablets and smartphones),
they should meet minimum display resolution re-
quirements (2 megapixels with a luminance range of
1e250 cd/m2).46
Thrombolysis delivery, transfer and repatriation
It is important that provision of IV alteplase is not

delayed. Local protocols for delivery of IV alteplase prior to
transfer should be established. Although demonstrated as
feasible,47 there is currently no substantial evidence
describing use of IV alteplase during secondary transfer
using trained paramedics to reduce DIDO times although
similar protocols have been used in the cardiology literature



Table 3
Core information that should be provided to the ASC on repatriation.

� Pre-treatment NIHSS and confirmation of vascular occlusion
� Accurate information on MT procedure and any complications/is-
sues eg. If a permanent stent is left in situ this must be highlighted to
inform antiplatelet therapy

� Clinical state and level of care requirement
� Swallowing status and ability to transfer/mobilise
� OT and PT assessment if available but assessment should not delay
repatriation

� Medications including current plan for blood pressure management,
antiplatelet therapy (including duration if there has been stent im-
plantation) and anticoagulation

� Requirement for any specific investigations, though plan for “stroke
work-up” to investigate cause of stroke should be directed by the
local ASC

� COVID-19 status and other infectious diseases (MRSA, CRE status) if
admission prolonged

� Resuscitation status

NIHSS: National Institutes of Health Stroke Scale; MT: mechanical throm-
bectomy; OT: occupational therapy; PT: physiotherapy; ASC: acute stroke
centre; MRSA: methicillin-resistant Staphylococcus aureus; CRE: carbape-
nem-resistant Enterobacterales
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without reported transfer-associated complications.48

Although stroke nurses may accompany the patient and
supervise IV alteplase delivery during transfer, this is a
significant resource issue for the ASC. This represents an
area for further research and quality improvement.

Networks using paramedic transfer for the majority of
cases report few secondary transfer-related complications.

� A recent review of 377 patients transferred for MT
assessment within a stroke network in whom 65% had
been administered IV alteplase recorded no major
complications associated with transfer.49

� In another study encompassing 253 patients (168
receiving IV alteplase), thrombolysis related complica-
tions on transfer were seen in 0.6% only.50

It is acceptable to transfer the patient without stroke
nurse escort following IV alteplase if no complications are
evident in the ASC.

Rapid endo-tracheal intubation and transfer with
anaesthetic escort is required in patients with a Glasgow
Coma Scale of �8. Neuro-critical care society guidelines
detailing features of safe transfer have been published.51 In
these instances, there should be an intensive care to
intensive care handover.

Key information that should be shared between ASC and
CSC on referral and repatriation is summarised in Tables 2
and 3. Local arrangements for image transfer should
include transfer of imaging obtained at the thrombectomy
centre back to the ASC in order that the ASC has the most
up-to-date imaging for comparison. Repatriation to the ASC
should occur without delay as a priority, as per locally
agreed protocol and no more than 12 h following a request.

Some systems have utilised immediate repatriation in
order to maximise the number of treatments that can be
delivered by a CSC.52 The low reported rate of complica-
tions suggests that this is a feasible option but this system
Table 2
Core information that should be made available to the CSC.

� Accurate pre-morbid level of dependence (mRS score)
� Comorbidities, particularly those pertinent to use of general
anaesthesia and previous functional level of patient including a
measure of frailty, atrial fibrillation/cardiac arrhythmia, diabetes
mellitus, hypertension

� Community resuscitation status
� Medication history/allergies
� Stroke onset time or time last known well
� Glasgow coma scale
� Time of last meal/drink (to guide anaesthetic management)
� NIHSS score
� Key observations: blood pressure, heart rate, oxygen saturation
� Investigations (blood results and ECG) to accompany the patient
� Contact details for family members/next of kin
� Local CT/CTA
� Use of IV alteplase
� COVID-19 status or other relevant infection if known

CSC: comprehensive stroke centre; mRS: modified Rankin Scale; NIHSS:
National Institutes of Health Stroke Scale; ECG: electrocardiogram; CT:
computed tomography; CTA: CT angiography; IV: intravenous; COVID-19:
coronavirus disease-19
of care requires many partners across a wide range of
specialties and services to work cohesively. Introduction of
such a system is dependent on other factors such as patient
selection and use of general anaesthesia. This may work for
a proportion of patients but will place a heavier burden on
ambulance services and ASCs.

CSC delivering MT

Trial data supporting improved clinical outcomes in pa-
tients treatedwithMT have almost exclusively been derived
from higher-volume CSCs with fellowship-trained neuro-
interventionalists and CSC-level acute stroke care.9e13,15e21

It is well established that higher-volume centres have
improved outcomes relative to lower-volume centres in
delivery of intravenous thrombolysis, carotid artery stent-
ing, coil embolisation for intracranial aneurysms and
percutaneous coronary intervention.53e58

Likewise, for stroke intervention both observational and
prospectively acquired registry data59,60 and data derived
from the US national inpatient sample2,61 support the
notion that higher volume centres obtain improved clinical
results for functional outcome, with lower complications
and mortality. A recent study of over 900 patients under-
going MT demonstrated that for hospitals treating >150
patients per year versus those treating 20e30 patients per
year there was a 10% improvement in independent
outcome and 4% reduction in mortality.62 Similarly, a study
of US data encompassing 13,335 patients61 demonstrated
that for every 10 case increase in centre volume, mortality
fell by 4% and favourable outcome increased by 3%. A
similar association was found for operator volume and
outcomes and importantly, odds ratios for mortality
continued to fall and odds ratios for favourable outcome
continued rise beyond 90 cases.

With the current hub and spoke model of care that exists
in the UK, there is concern that transfer times to CSCs can
impact negatively on patient outcome or limit access.63 This



Table 5
Stroke physician criteria.65

� Completion of specialist training or recognised expertise (existing
specialists)

� Ongoing active involvement in stroke management
� Annual attendance of at least one specific training event
� Evidence of continued professional development in the field of
stroke medicine

� Participation in national stroke related audit and local governance
processes including quality improvement

� Basic research skills (participation or facilitation of stroke research)
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highlights the need for consideration of network organisa-
tion and minimisation of DIDO times in ASCs. US data does
suggest that mortality is lower in patients transferred to
high-volume centres for MT rather than being treated at a
local low-volume centre.64 State-wide data obtained in the
US questions the clinical impact of MT provided in low-
volume centres.2

These findings suggest improvements in patient selec-
tion, technical performance of MT and post-procedure care
may justify the current model of concentrating MT pro-
cedures at specialised regional thrombectomy centres
incorporating a hyperacute stroke unit (HASU) embedded
within a high-quality comprehensive stroke service with
access to neurosurgical, neurocritical care, and specialist in-
and out-patient stroke services in addition to access to
advanced brain imaging facilities and appropriate neuro-
interventional expertise. Key features of a HASU within a
CSC are summarised in Table 4.

Endovascular stroke therapy should only be delivered by
CSCs with the appropriate experience in delivering such
interventions. For comprehensive centres, the international
multisociety consensus guidelines document: Standards of
Practice in Acute Ischemic Stroke Intervention states that
each institution offering thrombectomy should perform 120
MT procedures per year and each operator should perform
at least 50 neuroendovascular procedures including coiling/
aneurysm treatment procedures per year.67 This correlates
well with published UK guidance of a minimum operator
volume of 40 interventional neuroendovascular procedures
per year.68

Skill mix
The decision to perform MT should be made jointly by a

multidisciplinary team comprising a consultant stroke
physician, neurointerventionalist and, if applicable, an
anaesthetist (preferably experienced in neurological care)
in conjunction with the patient and/or their representa-
tives. The stroke physician undertaking the decision to
consider MT should satisfy the British Association of Stroke
Physicians (BASP) criteria for a stroke specialist65 (Table 5).

The stroke physician should be trained in delivering
thrombolysis and in the monitoring of any complications
associated with thrombolysis and endovascular therapy.
Table 4
The key features of what a HASU in the CSC should incorporate.

� 24-hour availability of an experienced consultant stroke physician65

� Immediate access to brain imaging including CT Angiography/
Perfusion & MRI as required66

� Direct admission to HASU from ED as soon as possible
� Continuous physiological monitoring (ECG, oximetry, blood
pressure)

� Specialist stroke physician ward rounds 7 days per week
� Acute stroke protocols/guidelines
� Nurses trained in swallowing screening, stroke neurological
assessment (including the NIHSS assessment), eligibility assessment
for thrombolysis and administering thrombolysis treatment

CT: computed tomography; MRI: magnetic resonance imaging; HASU: hy-
per-acute stroke unit; ED: emergency department; ECG: electrocardiogram;
NIHSS: National Institutes of Health Stroke Scale
They should be aware of advances in peri-procedural care
(for example, BP management). This must be underpinned
by regular quality and audit meetings within a quality-
improvement group incorporating stroke physicians, neu-
rointerventionalists, neuroradiologists, intensivists, and/or
emergency medicine physicians.69

There should be provision of 24/7 consultant stroke
physician cover.70 BASP have made recommendations on
the minimum number of direct clinical care programmed
activities that would be required to support such a service.71

As services develop across the country, workforce re-
quirements should be carefully monitored and recom-
mendations may need to be updated with ongoing
experience.

The neurointerventionalist evaluating the diagnostic
neuroimaging and performing the MT procedure should
satisfy British Society of Neuroradiology (BSNR)/United
Kingdom Neurointerventional Group (UKNG)/British Soci-
ety of Interventional Radiology (BSIR) criteria for an inter-
ventional neuroradiologist (INR), or for an interventional
radiologist (IR) who has trained to add MT to their scope of
practice.68 These criteria are summarised in Table 6. The
Royal College of Radiologists (RCR) Sponsored General
Medical Council (GMC) Credential INR (Acute Stroke) was
submitted to the GMC in October 2019 and remains under
consideration. This credential will enable non-radiologists
to train to a level where they can participate in MT service
delivery and contribute to 24/7 MT services. Should the
credential be supported there will be a third pathway for
MT training. In addition to interventional procedural com-
petences, all operators should be independently competent
at MRI and CT image interpretation plus non-invasive and
invasive angiographic image interpretation for patient se-
lection, treatment planning, and complication
Table 6
Neurointerventionalist criteria.

� Completion of specialist training (INR) or acquisition of recognised
expertise in clinical practice (IR)68

� Minimum case experience of 40 intracranial neurointerventional
procedures/year68

� A job-planned commitment to cover neurovascular and stroke
MDTs

� Evidence of continued professional development in INR/MT
� Participation in national stroke related audit and local governance
processes including quality improvement

� Basic research skills (participation or facilitation of stroke research)

INR: interventional neuroradiologist; IR: interventional radiologist; MDT:
multi-disciplinary team; MT: mechanical thrombectomy
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management.72 This includes appropriate selection of im-
aging in thrombectomy triage.

There should be provision of a 24/7 consultant-led ser-
vice provided by sufficient practitioners to cover services
for both ischaemic and haemorrhagic stroke (ranging from
4e6 depending on referral population/activity levels in the
CSC).
Multisociety MT guidelines and quality
benchmarks

Eligibility for mechanical thrombectomy should not
delay the initiation of IV alteplase where this is indicated. A
direct to thrombectomy approach is the subject of ongoing
trials. MT should also not be delayed to assess response to IV
alteplase.

Offer endovascular stroke therapy to:

(a) Patients with proximal intracranial LVO in a symptom-
atic territory leading to a neurological deficit (NIHSS�6)
within 6 h of known onset. The decision to treat will also
be governed by the overall clinical status and extent of
any established infarction on initial brain imaging. This
includes those with contraindications to intravenous
thrombolysis therapy (e.g., recent surgery or use of an-
ticoagulants) and those with tandem cervical ICA
lesions;

(b) Patients with a proximal intracranial LVO in a symp-
tomatic territory leading to a potentially disabling
neurological deficit in patients last seen well 6e24 h
prior to stroke onset with evidence of limited core
infarction on multiphase CTA, CT perfusion or MRI
diffusion.

Strict trial evidence20,21 suggests:

� 6e16 h since time last known well: < Age �80 years
and NIHSS�6: infarct core volume <70 ml and pen-
umbra volume >15 ml and penumbra volume/core
volume >1.8.

� 6e24 h since time last known well: < Age <80 years:
infarct core �30 ml if NIHSS �10; infarct core �51 ml if
NIHSS �20. < Age �80 years: infarct core �20 ml and
NIHSS �10.

It is recognised that patients may fall outside these strict
criteria in real-world scenarios73 and that treatment should
be tailored to the individual patient.

(c) Patients suitable for entry into RCT where there is
clinical uncertainty.

(d) In the context of a posterior circulation occlusion,
consider offering MT in patients with basilar artery oc-
clusions or dominant vertebral artery occlusions as
demonstrated on non-invasive angiography with evi-
dence of limited core infarction (ideally with MRI
diffusion imaging).
Neurointerventional procedural guidance

Operative technique should be tailored to the scenario
and optimised to achieve first pass recanalisation (FPR).74

Technical considerations include mode of access, balloon
guide catheter use, intermediate catheter use, an aspiration
only approach, treatment of a tandem cervical arterial le-
sions and salvage procedures in the event of MT failure.

Use of a balloon guide catheter (BGC) rather than a cer-
vical guide catheter may be beneficial.

� A meta-analysis including 2,022 patients showed
higher odds of FPR in the BGC group (OR 2.1, 95% CI
1.65 to 2.55).75

� SWIFT PRIME: smaller final infarct volumes and
improved reperfusion scores in the BGC group.76

� NASA registry (North American Solitaire Stent Retriever
Acute Stroke registry): improved clinical outcome and
reperfusion scores with the BGC group.77

� ROSSETTI registry (registry of consecutive patients with
anterior circulation large-vessel occlusion from 10 CSCs
in Spain): improved FPR and clinical outcome.78

� STRATIS (Systematic Evaluation of. Patients Treated
With Neurothrombectomy Devices for Acute Ischemic
Stroke) registry: the use of a BGC was associated higher
FPR and improved clinical outcomes.79

� TRACK registry (TREVO Stent-Retriever Acute Stroke
Registry): lower mortality in the BGC group.80

It should be recognised that the current generation of
BGCs can be more challenging to navigate through more
tortuous anatomy, and therefore, use of BGCs is largely
down to operator preference taking into account patient-
related factors.

Current trial evidence is insufficient to show superiority
between an aspiration first technique or stent-retriever first
technique for the range of anterior circulation occlusions
(ICA, M1, and proximal M2).81,82

Concurrent use of contact aspiration using an interme-
diate catheter and a stent-retriever has been shown to be
superior in observational studies83e86 but there is currently
no RCT to prove a synergistic effect. This is currently being
investigated in the ASTER (Contact Aspiration vs Stent
Retriever for Successful Revascularization) 2 trial.87 It is
reasonable to use this approach in clinical practice.

A number of areas of neurointerventional techniques
remain under full investigation including:

(1) Optimal management of tandem cervical lesions with
carotid stenting and/or angioplasty.

� A meta-analysis of observational studies comprising
1758 patients showed superiority of emergent carotid
artery stenting over balloon angioplasty for functional
outcome with no significant increase in symptomatic
intracerebral haemorrhage (SICH) or mortality.88

� A prospective registry (TITAN¼Thrombectomy In TAN-
dem Occlusion registry) of 295 patients demonstrated
that emergent carotid stenting with antithrombotic
agents with thrombectomy yielded higher reperfusion
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rate and favourable outcome compared to other stra-
tegies (carotid artery stenting and thrombectomy
without antithrombotic agents, angioplasty and
thrombectomy, or thrombectomy alone).89

� However, concerns remain regarding risk of SICH with
anti-platelet use if stenting is required.

� A systematic review reported a neutral effect of peri-
procedural use of antiplatelet on the functional
outcome with an increased risk of SICH.90

� The current evidence favours use of stenting but it is
reasonable to consider use of angioplasty alone or
stenting with tailored antithrombotic regimes for indi-
vidual patients, taking into account factors such as
infarct extent, stroke severity and whether the patient
has received thrombolysis. In cases where perceived
benefit/risk of stenting and antiplatelet use is consid-
ered safe, it would be best practice to discuss optimal
management with the stroke consultant.

(2) Salvage stenting of the intracranial vessel in instances
of failed recanalisation (for example in cases of intra-
cranial atheromatous disease, flow limiting dissection
or persistent thrombotic occlusion despite multiple
passes):

� A meta-analysis of observational data suggests
benefit.91 Stenting was associated with higher rates of
90-day favourable clinical outcome, lowermortality and
SICH rates did not significantly differ.

� The level of evidence remains low as it is based on
observational studies only.

� It is reasonable to consider use of salvage stenting in
cases showing an underlying stenosis with evidence of
diminishing flow despite MT, flow limiting dissection
flap, or adherent LVO resistant tomultiple passes, taking
into account baseline stroke severity and extent of core
infarction and potential risks of antithrombotic therapy.

� In cases where perceived benefit/risk of stenting and
dual antiplatelet use is considered safe, it would be best
practice to discuss optimal management with the stroke
consultant.

(3) Mode of access (upper limb or direct carotid for difficult
arch/neck vessel anatomy)

� A recent caseecontrol study showed that a femoral first
technique rather than a radial first technique was
associated with higher successful reperfusion rate,
fewer passes, lower 3-month mortality, and improved
3-month functional outcomes.92

� Another observational study showed no significant
difference in outcomes between techniques.93

� In instances where access via a femoral route is not
possible or challenging, it is reasonable to consider use
of upper limb or direct carotid access.94,95

It should be recognised that use of these techniques is
often governed by individual patient factors including
clinical stroke severity, access anatomy, clot sub-type and
extent of core infarction. There is insufficient evidence to be
prescriptive regarding all situations.
Quality benchmarks for MT

Local protocols in a MT centre should specify indications
and inclusion criteria that align with national and interna-
tional guidelines. These should be reviewed on an annual
basis (in view of the rapid evolution of clinical evidence in
this field).

� The majority of patients treated with MT should meet
the institutional selection criteria. If a patient is treated
outside selection criteria, the rationale for treatment
and discussionwith referring stroke physician should be
documented.

� 100% of CSCs should record quality indicators such as
patient selection criteria, pathway time intervals, MT
result, complications and clinical outcomes as part of
local audit and quality improvement processes.

Pre-procedural timings

� Door to Imaging: All patients with an acute stroke being
evaluated forMTshould be imaged immediately (ideally
the next imaging slot) in the centre at which the patient
presents.

� Use of CTA or MRI/MRA should not unduly delay ther-
apy with intravenous thrombolysis or delay door to
arterial puncture. In practice, hospitals that undertake
CTA routinely in acute stroke achieve this by review of
plain CT occurring whilst CTA is performed and then not
waiting for CTA review before instituting IV alteplase
(where indicated) or while CTA is being set up, with
administration of bolus pre-CTA.

� DIDO for ASCs: aim for 45 minutes.

It is not mandatory to re-image patients after secondary
transfer to the CSC. Time delays can be incurred by repeat
imaging. A minority (approximately 10% of patients in one
network-based study94) show recanalisation during trans-
fer. Predictive factors included treatment with IV alteplase
and clinical improvement.96 A recent study with mean time
between ASC CT and CSC CT of 240þ/-128 minutes showed
ASPECTS decay sufficient to preclude MT in approximately
10% only.97 The proportion of patients who show ASPECTs
decay is likely impacted by the proportion of fast vs slow
progressors included. Three studies have failed to show a
relationship between time from ASC CT to CSC CT and AS-
PECTS decay.97,99 Consider repeat imaging in cases of clin-
ical change, in patients with lower baseline ASPECTS (CT
performed at ASC),97 in patients with high clinical
scores95,96 and in patients with poor baseline collateral
flow.98 For patients arriving at the CSC >6 h from symptom
onset, use of CTP should be considered to guide further
management, unless this has already be done at the ASC.

Door of CSC to groin puncture: the metric of “arrival to
start of treatment” should be within 60minutes or as fact as
reasonably possible, unless the indication for intervention
only developed after arrival (e.g., deterioration in NIHSS).
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Door to groin puncture for those referred from ASCs should
be 45 minutes or as fast as reasonably possible.

Procedural timings

� Puncture time to start of revascularisation (first
deployment of MT device): <30 minutes in at least 65%.

� Puncture time to end of revascularisation (time of last
angiographic run after cerebral thrombectomy finished):
centre median <60 minutes.
Outcomes (modified from 69)

� Revascularisation achieved: at least 70% should have
TICI grade 2b or better (where target artery accessed).

� At least 90% of patients should have a brain CT or MR
imaging within 36 h of the end of the procedure.

� No more than 10% of patients should have embolisation
to a new territory.

� SICH using Safe Implementation of Treatments in Stroke
(SITS) definition (parenchymatous haemorrhage type 2)
combined with deterioration of NIHSS score �4 points
at 22e36 h (SICH should be expected in no more than
10%).

� All cases with SICH should be reviewed.
� All deaths within 72 h of procedure are measured and
reviewed.

� All treated patients have a documented NIHSS score at
24 h.

� mRS 0e2 at 6 months achieved in �45% of cases.14

� Implementation is summarised in Table 7.
Recommendations for individual hospitals

Neuroradiology departments in CSCs

There should be recognition that existing INR services
should be supported to develop/expand ability to provide
MT within the NHS subject to NICE guidance.

� Service expansion will depend upon local circum-
stances, workforce and funding. Urgent regional
Table 7
Implementation of standards and quality benchmarks.

� Local agreement should be reached amongst
neurointerventionalists about what service is provided

� Processes for maintenance of skills should be in place (this may
include updating practical skills by spending time in other
departments)

� A weekly timetable of MT service h should be available to
all referrers.

� Formal contracts should exist with referring centres
� Agreed local protocols should be evidence based
(within limits of evidence)

� National guidelines should be adhered to
� Appropriate case review and quality-improvement processes
should be in place

MT: mechanical thrombectomy
planning and support for future delivery of extended
hours services should continue where 24/7 not yet
achieved.

There should be clarity within the centre and among
referring clinicians and service managers about what MT
services are available, when they are available and what
happens when the service is not available.

� Local patient pathways should exist, be clear and widely
available.

� Local protocols and standard operating procedures for
each step of the pathway should be accessible.

� The hospital’s clinical governance committee and rele-
vant referring clinicians need to be aware of the
situation.

� Delivery of MT in acute stroke should only be in the
contextofestablished,high-qualitystrokeservices,where
all patients have timely access to specialist stroke units.
Service provision must be subject to a formal rota

� It is not safe or sustainable to rely on ad hoc arrange-
ments. Such arrangements do not ensure that all eligible
patients are treated.100 Ad-hoc rotas are not in the best
interest of patients.

� This form of service provision may conceal lack of safe,
reliable service provision.

� There must be a safe environment for performing the
procedure and close liaisonwith the appropriate clinical
team(s).

� It is not acceptable to assume another centre will be
willing or able to provide the service without official
and agreed service level agreements (an agreed robust
mechanism should be in place for informing clinical
teams about when service is available).

There should be recognition of the resource implication
on neurointerventional consultants of supporting even a
limited extended hours MT service and also of the knock-on
impact on diagnostic neuroimaging services.

� Consideration should be given to outsourcing of diag-
nostic neuroradiology work to free up time for INRs to
concentrate on staffing neurointerventional rotas.

� There should be recognition of the disruptive impact of
an MT service on other radiology services in centres
where IR and INR specialists share facilities.

Appropriate diagnostic neuroimaging support and pro-
tocols should be in place.

A whole support team of staff is required to deliver MT
and this needs to be IMMEDIATELY available:

� Anaesthetic staff with appropriate training/experience
in neuro-anaesthetic care plus operating department
practitioner support

� Angio suite staffing e nursing and radiographic
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� After care is a critical requirement e neuro-critical care
facility should be immediately available post-procedure
for those who need it and a monitored HASU bed for
others.

The neurointerventionalist, in collaboration with the
stroke team, should have shared responsibility for preop-
erative and postoperative patient care with stroke medicine
and critical care where applicable.

Thrombectomy should be delivered in specialist stroke
centres that fulfil the following attributes:

� Availability of two (ideally biplane) digital subtraction
angiography units with flat panel CT capabilities and
necessary software and hardware in order to perform
high-quality cerebral angiography (it is recognised that
many CSCs are working towards the availability of two
biplane units).

� Adherence to defined standards (as section above).
� Consultant-led and delivered services with adequate
volumes of activity (see section above).

� Formal commissioning arrangements in place.
� Demonstrable research capability and activity where
clinical activity extends beyond core evidence from the
randomised trials underpinning NICE guidance.
Considerations related to COVID-19

� Availability of rapid testing to confirm patient COVID-19
status and guide decisions on personal protective
equipment requirement, aerosol-generating proced-
ures, patient care before, during and after procedure.

� Modified clinical care pathways that account for COVID-
19 status.

� Modified departmental procedures that account for
COVID-19 status.
Clinical governance and quality improvement
Services should have regular clinicaleradiological

multidisciplinary team (MDT) meetings where MT pa-
tients can be reviewed/discussed. Neurointerventional
operators and staff involved in patient selection and post
procedural care should participate in multidisciplinary
case review. Additionally, enrolment of patients into RCTs
or registries is encouraged. Processes to allow entry of
data into national audit (e.g., Sentinel Stroke National
Audit Programme [SSNAP] or Scottish Stroke Care Audit
[SSCA]) and appropriate local audit processes should be in
place.

All cases including those patients referred but who did
not undergo MT should be discussed.

A quality-improvement group could include a combi-
nation of neurointerventionalists, neurologists, stroke
physicians, anaesthetists, intensivists and diagnostic neu-
roradiologists, angio-suite nursing staff and radiographers.
Additional members might include representative(s) from
quality assurance/improvement or risk management
teams.

New thrombectomy centres

Formal links should be developed with nearby CSCs who
are already delivering thrombectomy to encompass a co-
ordinated strategy for:

� Training and skills maintenance in all aspects of
thrombectomy service delivery including patient im-
aging, selection, neurointerventional procedural care,
intra and post-procedural management including neu-
rocritical care.

� Audit/governance/morbidity and mortality. It is
mandatory to enter clinical and radiological data into
national audit.
Recommendations for individual
neurointerventional operators

All doctors are bound to adhere to GMC guidance and
comply with principles and values set out in Good Medical
Practice. All consultants contributing to an MT service
should have completed a recognised training process in the
UK, or should have a Certificate of Eligibility for Specialist
Registration.

Operators should not carry out procedures with which
they are unfamiliar. At the current time in the UK, this
largely limits the provision of endovascular intracranial
stroke therapy to consultant INRs or consultant IRs working
in neurointerventional teams; however, with appropriate
training and acquisition of the required skill-set in the
appropriate environment, non-radiology clinicians may
perform these procedures. A credential focussed on
acquiring the neurointerventional skills required for safe
practice, sponsored by the RCR, is being developed and is
currently under consideration by the GMC.

If a procedure is required on a regular basis then indi-
vidual operators must maintain the necessary skills or
competencies.67,68 MT should be practised in neuro-
interventional teams to optimise exchange of experience
and knowledge and provide professional support. Amongst
trained INRs, procedural experience significantly impacts
on outcome metrics.101 The solitary practice of neuro-
intervention including MT is strongly discouraged.

There will inevitably be a riskebenefit assessment to be
made in any individual case and patients and presentations
do vary considerably. The risk of any patient transfer,
presence or absence of alternative therapies and INR
experience will all need to be taken into account. This
riskebenefit analysis should be reflected in the consent/
assent obtained and documented.

It is the duty of the operator to report any risk manage-
ment concerns to the hospital’s clinical governance com-
mittee and to inform the patient or patient’s family in the
event of adverse incidents.
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Patient consent

Capacity assessment in someone having an acute major
stroke is sometimes difficult and, as with thrombolysis,
careful decisions need to be made with regard to ability to
consent and best interests.

Three scenarios may be encountered prior to
thrombectomy:

� MT is indicated and the patient has capacity: rapid
explanation to the patient and consent 1. If the patient
needs time to understand, explain it is not in their best
interest to delay the procedure, but the operator should
answer all questions to the patient’s satisfaction, even if
this causes delay. The patient can decline treatment.

� MT is indicated and the patient does not have capacity:
document a capacity assessment and proceed under
best interests and consent 4, involving the family where
possible or under the legal framework of the devolved
nation.

� The operator is considering a procedure that does not
align with current NICE guidance, or where the poten-
tial benefit of MT is less clear: under these circum-
stances, regardless of capacity, the best interests of the
patient are debatable and patient capacity, autonomy
and potentially the family’s wishes should be taken into
account in the consent process.

Locally agreed patient/family information sheets or de-
cision aids displaying agreed national or possibly local data
on outcomes and complications can be employed.
Anaesthetic and peri-procedural
management of MT

The bulk of observational data and post-hoc analysis of
randomised trial data suggested poorer outcomes in pa-
tients receiving general anaesthesia compared to proced-
ures under local anaesthetic or conscious sedation102e105;
however, there is insufficient information about the type of
anaesthesia used and intra-procedural variables in these
trials to give a definitive answer regarding an effect of
general anaesthesia itself. It is also very difficult to separate
the fact that it is often the most ill patients who undergo
general anaesthesia.104

Three single-centre randomised trials showed no differ-
ence, or even possible benefit, of general anaesthesia versus
conscious sedation using the same anaesthetic agents.106e108

Exceptionally fast general anaesthesia induction (median 9
minutes delay when intubating the patients) was achieved
and strict protocols for maintaining blood pressure and other
physiological parameters were implemented.

The latest recommendations from the American Heart
Association/American Stroke Association109 have evaluated
the evidence to date and state that it is reasonable to select
an anaesthetic technique based on an individualised
assessment of patient risk factors, technical performance of
the procedure, and other clinical characteristics.

� The choice of anaesthetic should be tailored to the in-
dividual patient based on neurological status, airway
control and treatment plan in close communication
with the neurointerventionalist.

� Local anaesthesia should be aimed for, if feasible, in
patients who are cooperative and can protect their
airway.

� General anaesthesia is recommended in patients with a
reduced level of consciousness, uncooperative or
agitated patients, those who cannot protect their airway
or those already intubated. Intra-procedural conversion
to general anaesthesia occurs in up to 16% of cases and is
associated with greater variance in mean arterial pres-
sure but impact on outcome is uncertain.110

� Patients receiving local anaesthesia with sedation
should be monitored and provision made to enable
rapid conversion to a general anaesthetic if necessary.

� Local protocols should be constructed to routinely
identify which patients should be managed using gen-
eral anaesthesia.

� Institutions should audit their practice including type of
anaesthetic, monitoring, timing, anaesthetic agents
used, and complications.
Recommendations for provision of care

� The anaesthetic care of these patients should be su-
pervised by anaesthetists with neuroanaesthetic expe-
rience with skilled assistance. It should be consultant
led and consultant delivered where possible.

� Regular training and educational updates should be
provided for those not familiar with the environment or
procedure.

� If a patient is sedated the responsible clinician must be
present in the procedure suite.

� Sedation protocols must be constructed with anaes-
thetic department oversight and delivery overseen by
anaesthetists fulfilling local governance arrangements.
Pre-assessment

These patients present as time critical emergencies, akin
to evacuation of an extradural haematoma or category 1
Caesarean section. Delays have detrimental effects on pa-
tient outcome. Pre-assessment of the patient must be done
as quickly as possible to avoid delay.

Airway management

� Tracheal intubation is recommended for those patients
with reduced level of consciousness, signs of brain
stem dysfunction, those unable to protect their airway,
with active nausea and vomiting before intervention
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and patients who become hypoxic or develop airway
obstruction under sedation.

� Supplemental oxygen administration is recommended
during sedation.

� All patients should be monitored with pulse oximetry
and capnography.

� FiO2 should be titrated to maintain SpO2 >94%. Venti-
lation should be adjusted to maintain normocapnia
under anaesthesia. Hypercapnia should be avoided in
patients undergoing sedation.
Haemodynamic management

� Haemodynamic monitoring should include electrocar-
diogram (ECG) and continuous blood pressure or, if non-
invasively measured at least once every 3 minutes.

� Continuous invasive arterial monitoring is recom-
mended for all interventional procedures under general
anaesthetic as long as arterial cannulationwill not delay
intervention. The femoral artery cannulated by the
neurointerventionalist can be used to provide contin-
uous arterial monitoring if necessary.

� In patients having general anaesthesia or sedation,
mean arterial pressure should bemaintainedwithin 10%
of target pressure with fluids and/or vasopressors. Both
high and low blood pressures are associated with higher
rates of death and dependency. A balance exists be-
tween excessive hypertension contributing to an
increased intracranial haemorrhage risk and cerebral
oedema versus compromised cerebral perfusion to the
ischaemic penumbra with an inappropriately low mean
arterial pressure.

A recent analysis of all three randomised trials106e108

identified an optimal range for blood pressure mainte-
nance during thrombectomy (using either general anaes-
thesia or conscious sedation) of a mean arterial pressure of
70e90 mmHg*.111

� *A cumulated period of minimum 10 minutes with <70
mm Hg mean arterial blood pressure (adjusted OR, 1.51;
95% CI, 1.02e2.22) and a continuous episode of minimum
20minuteswith<70mmHgmeanarterial bloodpressure
(adjusted OR, 2.30; 95% CI, 1.11e4.75) were associated
with a shift toward higher 90-day mRS scores, corre-
sponding to a number needed to harm of 10 and 4,
respectively.

� *A cumulated period of minimum 45 minutes with >90
mmHgmean arterial blood pressure (adjusted OR, 1.49;
95% CI, 1.11e2.02) and a continuous episode of mini-
mum 115 minutes with >90 mmHg mean arterial blood
pressure (adjusted OR, 1.89; 95% CI, 1.01e3.54) were
associated with a shift toward higher 90-day mRS
scores, corresponding to a number needed to harm of 10
and 6, respectively.

� These blood pressure targets may need adjustment
in communication with the stroke physician/
neurointerventionalist.
Postoperative care

Post-MT procedure, the need for urinary catheterisation
should be considered. All areas immediately receiving post-
MT patients should have protocols for appropriate moni-
toring of arterial access sites and limb perfusion and ability
to respond to physiological derangement such as hypoten-
sion with interventions such as intravenous fluid
administration.

If required, critical care should be contacted to establish
the availability of level 2/3 facilities for postoperative care;
however this should not delay the start of intervention. If
necessary, alternative facilities can be sought whilst the
procedure is performed.

Patients who have received general anaesthesia should
continue to have physiological and neurological moni-
toring postoperatively. This may be achieved in recovery,
neuro intensive care unit, high-dependency unit (HDU)
or the HASU depending upon local service provision.
Uncomplicated general anaesthesia cases can be dis-
charged to the stroke unit after a period of monitoring in
theatre recovery or HDU. Critical care admission is
required for patients who have intra-procedural compli-
cations or those who arrive intubated or with a reduced
level of consciousness. A decision to transfer to the
HASU/HDU or intensive care unit (ICU) should be made
between INR, stroke physician and anaesthetist. Individ-
ual blood pressure targets should be stated and taken
into account when deciding where the patient should be
managed.

Elevated blood pressure during the peri-procedural
period is associated with adverse clinical outcomes
including mortality and SICH.112,113 This could also apply
to non-recanalised patients.114 The American Heart As-
sociation/American Stroke Association guidelines recom-
mend BP goal <180/105 mmHg after successful
reperfusion.109 Some trials such as DAWN20 employed
more aggressive blood pressure lowering strategies to a
systolic pressure of <140 mmHg. The ENCHANTED
(Enhanced Control of Hypertension and Thrombolysis
Stroke Study) trial115 showed no benefit of aggressive
blood pressure lowering post IV alteplase but only 1.9%
were treated with MT and the recanalisation status of the
population was unknown. Currently, it is unclear whether
an intervention to aggressively lower the blood pressure
will impact positively on outcome post MT. Active blood
pressure management is being trialled in the
ENCHANTED-MT randomised trial.

Protocols

Irrespective of anaesthetic technique the two most
important anaesthetic goals are minimising any time delay
and haemodynamic control. Institutional protocols can
assist in the safe and timely delivery of care. These protocols
should address:

� Choice of anaesthetic agents
� Timeliness of induction
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� Blood pressure parameters
� Postoperative care

Conclusion

There is now robust evidence for the use of MT in pa-
tients with anterior circulation stroke due to LVO. Treat-
ment may be effective up to 24 h from stroke onset,
providing patients are selected based on appropriate clin-
ical and neuroimaging criteria. Evidence demonstrating the
efficacy of MT treatment was largely acquired in compre-
hensive stroke centres staffed by fellowship trained neu-
rointerventionalists and there is accumulating evidence to
indicate that delivering this therapy through high-volume
centres results in improved clinical outcomes.

This UK-focussed document outlines a revised frame-
work to guide safe MT service delivery referring-to appro-
priate standards and governance in line with international
guidance. The document provides direction with regard to
patient selection, staffing standards, outcome measures,
and practical options for MT delivery. A networked
approach to MT provision is suggested with hub and spoke
organisation and integration of ASC and CSC expertise to
develop the MT pathway in individual regions. The team-
worked arrangements should involve all clinicians and al-
lied staff both between and within networked sites to
improve systems through information sharing and con-
struction of governance structures.

In time, the guideline will be updated to account for
emerging evidence. Ongoing and future investigations
could answer more definitively the role of MT in posterior
circulation stroke, anterior circulation stroke with larger
core infarction at presentation and stroke as a result of
more distal vessel occlusion. The role of general anaes-
thesia for MT and specific neurointerventional techniques
(for example use of a balloon-guide catheter) requires
clarification, as does the use of alteplase (or other throm-
bolytic agents such as tenectaplase) in addition to MT.
These issues, along with developments in neuro-
therapeutics, point of care tools and AI have the capacity
to alter systems of care and/or network organisation. It is
therefore suggested that a multi-society review of these
guidelines is conducted within 3 years.
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