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Optimizing Stroke Care for Patients with
(000 Large Vessel Occlusions: Current State of
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74 the Art and Future Directions

Johanna M. Ospel,"? Arnuv Mayank,” Shinichi Yoshimura,® and Mayank Goyal*

Acute ischemic stroke (AlS) is a severely disabling disease. Endovascular therapy is a powerful and highly effective
treatment option for these patients and has recently become standard of care. The benefits of endovascular treatment
(EVT) are tremendous both from a patient and from an economic perspective, since it dramatically improves individual
patient outcomes while reducing long-term healthcare costs at the same time. The effect of EVT is highly time-dependent.
Thus, the overarching goal in AIS is to quickly transport and diagnose the patient to minimize treatment delays. In this
review, we provide an overview about the current state of stroke care, propose a fast and simplified imaging protocol and
management approach for AIS patients. We also highlight the challenges we are currently facing in endovascular stroke
treatment and suggest possible solutions to overcome these.
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1 Background: Natural History of Acute
Ischemic Stroke

Acute ischemic stroke (AIS) is a severely disabling disease,
particularly when there is an underlying large vessel occlu-
sion (LVO). Until recently, intravenous alteplase was the
only available treatment option for LVO patients, but its
efficacy was limited, as recanalization of the occluded ves-
sel was only achieved in 7%-30% of patients,” and many
patients were not eligible for alteplase treatment at all
because of the numerous contraindications and narrow
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therapeutic window (within 4.5 hours from symptom
onset).?) It is estimated that only 3%—5% of AIS patients ulti-
mately receive intravenous alteplase.” Clearly, there was a
need for another alternative treatment strategy to reduce the
morbidity and mortality in AIS. Therefore, endovascular
treatment techniques (EVT), which rely on mechanical clot
retrieval rather than pharmacological recanalization, have
been developed. In 2015, ischemic stroke treatment has fun-
damentally changed. Five major randomized controlled tri-
als have proven the superiority of EVT compared to medical
management in patients with LVO strokes.¥ EVT is now
considered standard of care for these patients.?

1 Why Offering Endovascular Therapy
for AIS?

Benefit from a patient perspective
There are several reasons why EVT should be performed
for LVO strokes. First and foremost, the benefit of EVT
compared to best medical care from a patient perspective is
overwhelming: The number needed to treat for reduction
of disability by at least one point on the modified Rankin
Scale (mRS) is 2.6, one of the lowest throughout the his-
tory of medicine.? This translates into a substantial increase
in quality-adjusted life years (QALYs).”

The safety profile of EVT is excellent, with no signifi-
cant differences in mortality and symptomatic intracranial
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Table 1 Established patient transport paradigms in acute ischemic stroke

Trans;?ort Description

paradigm

Direct to The patient is directly transported

mothership to the nearest CSC, bypassing
PSCs even if they are closer than
the CSC

Drip and ship The patient is transported to the
nearest PSC for intravenous
alteplase treatment and in case an
LVO is present, he/she is trans-
ferred to a CSC

Flying/driving An interventional team is mobi-

neurointerven- lized from the CSC and sent to

tionalist the PSC

Advantages

Since every patient gets
admitted to an EVT-capable
center, EVT treatment
delays are minimized

Time to intravenous
alteplase is minimized as
transport times to the PSC
is usually shorter than to the
nearest CSC

Time to EVT is shorter in
certain geographies as it is
faster to transfer the

Disadvantages

Time to intravenous alteplase treat-
ment might be longer when PSCs are
bypassed

Risk of overwhelming CSCs with
non-LVO strokes

PSCs lose their patients which can
lead to loss of revenue, jobs, etc.
EVT is delayed in LVO patients since
they have to be redirected from the
PSC to the CSC after the LVO diagno-
sis has been confirmed

High personnel costs (a whole additional
neurointerventional team has to be
available)

interventional team than
transferring the patient

Mobile stroke unit A CT-equipped specialized
ambulance is dispatched to the
site of the stroke and after

Unfamiliarity of the neurointerventional
team with the equipment and premises
in the external hospital

EVT facilities (neuroangiography suite,
anesthesia, etc.) have to be available at
the PSC

Intravenous alteplase can be  High initial outlays and maintenance
initiated in the pre-hospital costs
setting, which can minimize

Depending on the geography, number

intracranial hemorrhage has been  alteplase treatment delays in  and location of available MSUs, the

ruled out on CT, treatment with
intravenous alteplase is initiated

certain geographies

time to reach the patient can be long

EVT: endovascular treatment

hemorrhage compared to medical management.¥ Thus,
many physicians, including ourselves, now offer EVT
routinely beyond guideline recommendations.®” This is in
accordance with patients’ preferences, who also prefer more
aggressive treatment approaches.®

Benefit from a societal perspective

In medicine, there are many therapies that benefit the indi-
vidual but are so expensive that it becomes almost impos-
sible for doctors to balance their duties toward patients and
the society.”? For EVT, the situation is different, as its
cost-effectiveness has been proven in several industrial
nations and developing countries.'*!3 It is true that the ini-
tial expenses are higher with EVT, due to the price of cath-
eters and stent retrievers, and because of the resources that
are needed to establish a comprehensive network of EVT
centers. But in the long run, reductions in morbidity and
mortality outweigh these initial expenses.

1 How Should EVT Be Performed?

In AIS, neurons die at a rapid pace. The average AIS patient
loses 1.9 million neurons per minute,'¥) and every 30-minute
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delay in recanalization decreases the chance of a good
functional outcome by 8%-14%.' Reperfusion quality,
that is, how well the vessel occlusion is reopened, is a key
determinant of patient outcome: higher expanded Throm-
bolysis in Cerebral Infarction (eTICI) grades are strongly
associated with improved patient outcomes.'® Reperfusion
quality deteriorates with increasing time to treatment,
probably because of changes in clot composition.'” First-
pass effect (i.e., achieving complete revascularization with
a single device pass) is an independent predictor of good
outcome, as multiple device passes are associated with
reperfusion delays and an increased risk of vessel injury.'®
Thus, fast and complete first-pass reperfusion should be
the goal when performing EVT, not only for the sake of a
better functional outcome but also to minimize healthcare
costs: the net monetary benefit for an average US patient is
approximately $17000 per 1% increase in the final eTICI
2¢/3 rate and $10600 per 10 minutes time to treatment
decrease.>!”)

In the following, we outline the challenges that are
encountered in the pre-hospital and in-hospital phase when
performing EVT in AIS patients and suggest possible
strategies for to overcome these problems.



Phase 1 Phase 2
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24h DWI-MRI

24h DWI-MRI

Fig. 1 Acute stroke imaging protocol. First, a NCCT is obtained to rule out intracranial hemorrhage and provide a rough estimate about isch-
emic core. Here, it reveals a hyperdense vessel sign of the left middle cerebral artery suspicious for a left M1 occlusion, hypodensity and
loss of grey white matter differentiation of the left insula and lentiform nucleus (ASPECTS of 8, black arrows). Multiphase CT angiogra-
phy is obtained immediately afterwards. The first phase covers the intra- and extracranial vasculature from skull base to vertex, and pro-
vides additional information about the anatomy of cervical vessels that can be used to choose appropriate catheters and devices. The
second and third phase cover the intracranial vasculature from skull base to vertex and show moderate to good collateral opacification
with good extent and predominantly a one-phase delay in collateral filling (white arrows). Taken together, these imaging findings strongly
speak in favor of EVT. The patient was treated with intravenous alteplase and EVT, and fast eTICI 3 reperfusion could be achieved
(see final DSA run). Follow-up diffusion-weighted MRI revealed an infarct core that matched the initial changes on NCCT with almost
no additionally infarcted tissue. ASPECTS: Alberta Stroke Program Early CT Score; eTICI: expanded Treatment in Cerebral Infarc-
tion; EVT: endovascular treatment; MRI: magnetic resonance imaging; NCCT: non-contrast CT

| What Are the Challenges in the
Pre-hospital Phase?

Accurate pre-hospital LVO detection

Currently, it is not possible to detect LVOs in the pre-hospi-
tal phase. Patients have to be transferred to a hospital,
where CT angiography (CTA) is then performed to con-
firm or rule out an LVO. Most hospitals are capable to per-
form CTA but not all of them provide EVT. Thus, many
LVO npatients are initially transferred to a non-capable
EVT center, which can result in substantial treatment
delays and worse patient outcomes.”” A tool that allows
for pre-hospital LVO detection is urgently needed, but not
available yet. Clinical severity scores are unable to reli-
ably distinguish between LVO and non-LVO strokes.?)
However, several promising technologies such as ultra-
sound-based LVO detection in the ambulance?? are cur-
and could soon facilitate

rently in development

pre-hospital patient triage and transport decisions.

Patient transport
EVT is now considered standard of care for AIS patients,
but, as is often the case, clinical reality is lagging behind

guideline recommendations, and in many countries, partic-
ularly in the developing world, EVT is not available at all.
In other areas, even in industrial nations, comprehensive
networks of EVT centers are not established yet, as the
equipment and expertise needed to provide EVT is mainly
clustered in large cities, while in rural areas, access to EVT
is still lacking. Thus, ambulances often have to cover long
distances to transport an LVO patient to the nearest com-
prehensive stroke center (CSC). This is complicated by the
fact that besides CSCs that offer EVT 24/7, there are many
smaller hospitals, the so-called primary stroke centers (PSCs),
which only offer intravenous alteplase treatment, but not
EVT. If an LVO patient is initially transferred to a PSC,
and then re-directed to a CSC after an LVO has been con-
firmed, this leads to delays in treatment and worsening of
outcomes.?¥ But although the chances of an LVO opening
with intravenous alteplase alone are small, this possibility
cannot be completely disregarded. Thus, universal bypass
to a CSC may not always be appropriate, and it could also
lead to an overwhelming workload at the CSC, with many
non-LVO strokes being admitted that could also be treated
at the PSC. Several different transport paradigms are cur-
rently in use (Table 1).
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m Arterial phase

m Peak venous phase

m Late venous phase

Fig. 2 Right-sided M1 segment MCA occlusion (arrow). On color-coded mCTA summation maps (top row), the vessels in the affected hemi-
sphere are predominantly green, which indicates a one-phase delay. The number of vessels is similar to the contralateral side. Taken
together, these findings suggest excellent collateral filling. Regular mCTA images are can be seen in the bottom row. Diffusion-weighted
imaging was obtained on the next day and revealed only a small infarct in the caudate head and lentiform nucleus. CT: computed tomog-
raphy; mCTA: multiphase computed tomography angiography (Reprinted with permission from Displaying Multiphase CT Angiography
Using a Time-Variant Color Map: Practical Considerations and Potential Applications in Patients with Acute Stroke. J.M. Ospel, O. Volny,
W. Qiu, M. Najm, N. Kashani, M. Goyal, B.K. Menon. American Journal of Neuroradiology Jan 2020)

There is no one-size-fits-all solution for stroke patient
transport. Which transport paradigm performs best is
highly context-specific and depends on several factors:

1) the likelihood of an LVO in a given patient;

2) local geography;

3) workflow efficacy at the local PSCs and CSCs;

4) available transport resources (number of ambulances,
air transport capacities, etc.).

Conditional probability modelling can be used to pre-
dict which transport paradigm might be the most suitable,
as it is able to synergize information about local geogra-
phy, available transport resources, and workflow efficiency
of the local hospitals.?*?> Broadly speaking, these models
show that in systems with high workflow efficiency and
small geographies, the mothership model is often most
effective in reducing transport times, although performance
of both paradigms can be very similar. In larger geographies,
the drip-and-ship model can sometimes be beneficial. The
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data regarding MSU and the flying/driving neurointerven-
tionist approach are still limited at the current moment.2%27
It is important to note that streamlining of in-hospital
workflows is important, but it is pre-hospital patient triage
and transport paradigms which yield the greatest poten-
tial for time savings.?$30

Effective communication and pre-notification of
the medical team

Pre-notification of the medical team, and particularly the
neurointerventionalist, for example, through a phone call
or an app allows the medical team to set up the neuroangi-
ography suite for EVT even before the patient arrives and
can very effectively reduce treatment delays.* However,
pre-notification is not routinely used yet,’? partly because
of the high costs associated with it. It would be desirable
for industry to develop affordable but yet intuitive and
easy-to-use communication tools that allow for broad utili-
zation of pre-notification.



I What Are the Challenges in the
In-hospital Phase?

Imaging paradigm

Imaging is an essential part of AIS management as it estab-
lishes the diagnosis, confirms the presence of an LVO, and
thereby guides further treatment. The two questions that
have to be answered by acute stroke neuroimaging are’?:

1) Is there intracranial hemorrhage?
2) Is there a vessel occlusion and where is it located?

Ideally, acute stroke imaging should be readily avail-
able, easy to interpret, fast, and inexpensive. Due to the
several drawbacks of MRI (numerous contraindications,
limited availability, longer scan times, and susceptibility to
patient motion), most centers, including our own, rely on
CT imaging in the acute stroke setting.

Non-contrast CT (NCCT) is typically used to differentiate
between hemorrhagic and ischemic stroke. Hemorrhagic
stroke is characterized by hyperdense hemorrhagic foci that
can easily be detected even by physicians with limited
imaging experience. NCCT also provides us with a rough
estimate of the extent of early ischemic changes. Ischemic
regions appear hypodense on NCCT, and the Alberta Stroke
Program Early CT Score (ASPECTYS) is a semi-quantitative
score that can be used to assess the extent of hypoattenuation
in MCA strokes.> Low ASPECTS scores indicate a greater
degree of ischemic damage and are associated with higher
risks of intracranial hemorrhage and worse outcomes, with
and without treatment. Having said that, one should be
cautious not to over-rely on imaging findings when deciding
about treatment, as even patients with very low ASPECTS
scores can still benefit from EVT.3>

Once intracranial hemorrhage has been ruled out and the
extent of early ischemic changes has been roughly estimated
on NCCT, one has to determine whether there is a possible
target lesion for EVT (LVO or EVT-accessible medium ves-
sel occlusion). This requires vascular imaging. In our opin-
ion, multiphase CTA (mCTA) should be the vascular imaging
method of choice, since it allows physicians to quickly and
reliably detect large and medium vessel occlusions while
providing additional information about collateral supply at
the same time. This is important, since good collaterals are
independently associated with improved functional outcome
after EVT.’® mCTA predicts outcome more accurately than
single phase CTA and CT perfusion (CTP)3? is robust against
patient motion, requires no post- processing, and covers the
whole brain. In our opinion, the optimal imaging protocol

Optimizing Stroke Care for Patients with Large Vessel Occlusions

consists of a non-contrast head CT to rule out intracranial
hemorrhage and provide an estimate of ischemic changes,
followed by mCTA to confirm the presence of a large or
medium vessel occlusion and assess the collateral supply
(Fig. 1). Color-coded mCTA summation maps display all
three mCTA phases in a single time-variant color map. They
can be obtained from within seconds and are a useful tool
which render fast and easy interpretation of mCTA images
even for less experienced readers possible (Fig. 2).39

Some people argue that more advanced imaging methods,
such as CTP are beneficial since they provide additional
information about the extent of the so-called ischemic “core”
and the penumbra. Within 6 hours from symptom onset,
however, current guidelines do not recommend advanced
imaging.? CTP is only recommended in patients with
unknown onset and those presenting >6 hours from onset
because the late window EV T trials (DAWN and DEFUSE-3)
relied mainly on CTP to determine the core-penumbra mis-
match,3*49 which was part of the trials’ inclusion criteria.
However, this does not mean that only late window patients
in whom such a mismatch profile is present can benefit from
EVT. Many late window patients are currently denied treat-
ment because they do not meet the stringent Clinical Mis-
match in the Triage of Wake Up and Late Presenting Strokes
Undergoing Neurointervention With Trevo/Endovascular
Therapy Following Imaging Evaluation for Ischemic Stroke 3
(DAWN/DEFUSE 3) inclusion criteria, although they could
still benefit from EVT. We strongly believe that mCTA is an
appropriate selection tool for early and late window patients,
as it is faster, less expensive, and more robust than CTP.
Of note, imaging is only one factor that determines outcome
besides many others, such as patients’ age, pre-morbid func-
tional status, time from symptom onset, etc. Figure 3 out-
lines the management approach for EVT in AIS as it is
practiced in our center. Overall, given all the data, the effec-
tiveness of treatment and low complication rate, in our
opinion, it is better to overtreat than undertreat.

Workflows in the pre-EVT phase

Although the potential for time savings is smaller in the
in-hospital phase compared to the pre-hospital phase, insti-
tutional workflows should still be improved whenever possi-
ble. Some factors, such as the hospital architecture (e.g., the
location of the Emergency Department, CT scanner and neu-
roangiography suite in relation to each other), cannot easily
be solved, but they should be considered when existing hos-
pitals are renovated or new ones are built, since a suboptimal
spatial setup can lead to unnecessary treatment delays, for
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Fig. 3 Suggested management approach for endovascular treatment decision-making in acute ischemic stroke. (Reprinted with permis-
sion from: Ospel JM, Holodinsky JK, Goyal M. Management of Acute Ischemic Stroke due to Large Vessel Occlusion: JACC Focus
Seminar. J Am Coll Cardiol. 2020. In press. © American College of Cardiology Foundation)

example, due to waiting times at elevators, etc. Other work-
flow aspects can easily be improved upon. Table 2 lists the
common problems of in-hospital workflows the pre-EVT
phase and provides possible solutions to overcome these.

EVT phase

As mentioned before, fast first-pass reperfusion should be
the goal when performing EVT in AIS, and this should be
reflected in the thrombectomy technique as well.

The modified TICI (mTICI) scale has long been used to
assess reperfusion quality after EVT,*) and successful reper-
fusion has traditionally been defined as mTICI 2b/3. How-
ever, it has been recognized that mTICI 2b reperfusion yields
substantially worse outcomes compared to mTICI 3.42%

‘ 208 ‘ Journal of Neuroendovascular Therapy Vol. 14, No. 6 (2020)

Hence, the expanded eTICI score has introduced a new cate-
gory of “near complete” reperfusion (eTICI 2¢, Table 3),
and eTICI 2c¢/3, rather than mTICI 2b/3 is what we should
aim for when performing EVT. The eTICI score reflects the
final reperfusion result but it also matters how this final result
is achieved.*¥ Multiple device passes increase the risk of
endothelial injury, thereby compromising procedural safety,
and our goal should be to achieve complete reperfusion at the
first attempt (“first-pass effect”), since this has been shown to
lead to improved functional outcomes.'®

Several thrombectomy techniques are currently in use: pri-
mary aspiration (clot removal through suction), stent-retriever
techniques (clot removal with a self-expanding retriev-
able stent), and combined approaches (e.g., CAPTIVE,*
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Table 2 Common problems and possible solutions of in-hospital workflows in the pre-EVT phase

Problem

Treatment delays in the
Emergency Department

Long preparation time to
arrange the equipment for
the EVT procedure

Wiaiting times for anesthesia

Description

EVT is often delayed due to unnecessary
procedures in the Emergency Department
(ECG, chest X-rays, blood samples, patient
registration)

Many different materials and devices are needed
for EVT. In the acute setting, EVT is often delayed
because the thrombectomy tray has to be set up,
appropriate syringes, catheters, etc. have to be
opened.

Waiting for an anesthesiologist to initiate

general anesthesia often leads to delays in

Solution

Omitting of unnecessary steps such as
chest X rays, etc.

Patient registration as unknown
Bypassing the Emergency Department
(direct-to-CT policy/hybrid setup)
Routine use of a pre-prepared stroke kit
(BRISK),%® which contains the basic
equipment that is needed for EVT

Use of conscious sedation instead of
general anesthesia whenever possible

EVT initiation.5®

All-time available anesthesiologist in the

angiography suite
EVT: endovascular treatment
Table 3 expanded thrombolysis in cerebral infarction (e TICI) score*257)
eTICl score Definition
0 No Perfusion
1 Antegrade reperfusion past the initial occlusion, but limited distal branch filling with little or slow distal reperfusion
2a Antegrade reperfusion of less than half of the occluded target artery previously ischemic territory (e.g., in one
major division of the MCA and its territory)
2b Antegrade reperfusion of more than half of the previously occluded target artery ischemic territory (e.g., in two
major divisions of the MCA and their territories)
2c Near complete perfusion except for slow flow/occlusion in a few distal cortical vessels such that at least 90% of
the territory is perfused in the parenchymal phase.
3 Complete antegrade reperfusion of the previously occluded target artery ischemic territory, with absence of

visualized occlusion in all distal branches

eTICl: expanded thrombolysis in cerebral infarction score; MCA: middle cerebral artery

SAVE,* and BADDASS*?). In our opinion, when per-
forming EVT, the BAlloon guide with large bore Distal
access catheter with Dual Aspiration with Stent-retriever
as Standard Approach” (BADDASS) is the optimal tech-
nique, since it combines the advantages of primary aspira-
tion, stent retrievers, and BGC, thereby allowing for safe
and efficient opening of the occluded vessel. When perform-
ing BADDASS, the stent retriever is placed in the inferior
rather than the superior M2 division, since the caliber of
the former one is usually larger, its course straighter and
the risk of vessel injury and perforation during deployment
and withdrawal of the stent therefore lower. The stent
retriever is placed distally, with two-thirds of the stent
beyond the clot. This ensures cell redundancy distal to the
thrombus and allows us to capture distal clot fragments
that might shear off during the procedure. While deploying
the stent, slight forward force should be applied to ensure
complete opening of the stent cells and optimal clot—
stent interaction. Once the stent has been deployed, the

microcatheter is immediately removed out of the patient
and reloaded. This saves time as a second retrieval attempt
can be instantaneously initiated in case the first attempt
fails. Applying slight traction to the stent wire can facilitate
navigation of the distal access catheter, which should be
advanced all the way to the proximal clot interface. Once
the distal access catheter is in place, traction is released off
the stent wire. The balloon of the guide catheter is then
inflated and aspiration is applied both through the balloon
guide catheter and the distal access catheter (“dual aspira-
tion”) during the clot retrieval to minimize the risk of distal
embolization. Table 4 and Fig. 4 outline the key features
of the BADDASS approach.

1 Improving Stroke Care through
Simulation Training

The overall quality of stroke care depends on individual
skills of the team members as well as on their ability to act
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Table 4 Key elements of the BADDASS approach*”)

1

~NOoO o WwN

Tri-axial setup (balloon guide catheter, large bore distal access catheter, microcatheter)
Distal placement of a long stent retriever

Active push deployment

Removing and reloading the microcatheter

Applying traction to the stent wire

Releasing traction off the stent wire

Balloon inflation and double aspiration

Complete withdrawal of the stent-retriever-clot complex and distal access catheter

BADDASS: Balloon guide with large bore distal access catheter with dual aspiration with stent-retriever as standard approach

Fig. 4

lllustration of the key elements of the BADDASS approach. A balloon guide catheter is placed in the cervical
internal carotid artery (A). A microwire and microcatheter, loaded with a stent retriever is then advanced past
the thrombus in the inferior M2 division and the stent retriever is deployed distally (B). The microcatheter is
then removed (C). Slight traction is applied to the stent wire (D) to facilitate navigation of the distal access
catheter, which is advanced to the proximal clot interface (E,F). Immediately prior to clot retrieval, the bal-
loon is inflated, aspiration is applied to the distal access catheter and the balloon guide catheter (“double
aspiration” G). The distal access catheter, stent retriever, and the entrapped clot are then retrieved in the
balloon guide catheter bore and removed out of the patient under maintained double aspiration (H). BADD-
ASS: BAlloon guide with large bore Distal access catheter with Dual Aspiration with Stent-retriever as Stan-
dard Approach (Reprinted with permission from: Ospel JM, Holodinsky JK, Goyal M. Management of Acute
Ischemic Stroke due to Large Vessel Occlusion: JACC Focus Seminar. J Am Coll Cardiol. 2020. In press.
© American College of Cardiology Foundation)
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as a team. Simulator-based training can improve both these
components, thereby optimizing clinical and economic
outcomes in acute stroke care. The traditional teaching
concept in medicine is that of graded responsibility*®):
Medical trainees who acquire their skillset while practicing
on patients from the very beginning on, and with increas-
ing experience, are granted more and more responsibility.
This approach has several problems:

1) Inhospitals with low stroke volumes, physicians will never
be able to acquire and maintain a high level of competence.

2) Patients are frequently treated by insufficiently skilled
professionals, which results in suboptimal outcomes.

3) Mistakes have often devastating consequences and are
thus not openly admitted, and an unbiased analysis of
medical errors does not take place.

4) The training curriculum is not standardized and depends
largely on the patients who are treated during the indi-
vidual physician’s training period.

Simulation methods can effectively counteract these prob-
lems, since they allow physicians to acquire their skillset
“ex vivo,” that is, without treating patients. Simulator training
has shown to improve procedural angiography times of sin-
gle operators,*” and interdisciplinary simulator-based team-
training can lead to marked reductions in door-to-imaging
times,>? door-to-needle times, and improved patient out-
comes.’) The added value of simulation training is increas-
ingly recognized by professional societies and incorporated
in their training recommendations.’?

! Future Directions: Standardized
Imaging Workflows, Neuroprotection
and New Thrombolytic Agents

At the time being, acute stroke imaging protocols are
highly variable across different centers. This results in a
lack of standardization with regard to decision-making and
not infrequently leads to time delays, for example, when
imaging is repeated in a drip and ship patient because the
imaging protocol at the PSC where the patient was initially
admitted is different from the one in the CSC. Therefore,
imaging protocols as well as modality-specific thresholds
(e.g., CTP core and penumbra thresholds) will have to be
harmonized across vendors and software packages. Auto-
mated and standardized post-processing will reduce the
degree of inter-institutional variability and ensure quick
image transfer and comparability between different hospitals.
Automated ASPECTS algorithms, for instance, are already

Optimizing Stroke Care for Patients with Large Vessel Occlusions

reasonably accurate and will soon complement the
radiologist’s expert opinion.>® Similar developments are
expected for mCTA.

Pharmacological stroke treatment will dramatically
change in the near future: tenecteplase, a modified tissue
plasminogen activator with improved thrombolytic efficacy
compared to alteplase®® has been shown to lead to better
outcomes in EVT patients and might soon complement or
completely replace alteplase. Lastly, the establishment of
EVT as standard of care has rendered routine fast and com-
plete reperfusion possible. For the first time, we now have a
temporary ischemia-reperfusion model in humans. This has
opened the field for neuroprotective agents. Neuropro-
tectants increase brain cells’ tolerance to temporary ischemia
and help them to survive longer, until the vessel occlusion
is eventually opened and reperfusion achieved. The neuro-
protectant Nerinetide, for instance, can easily be adminis-
tered in the pre-hospital setting and has been evaluated in
acute stroke patients with LVO undergoing thrombectomy
in the Safety and Efficacy of NA-1 in Subjects Undergoing
Endovascular Thrombectomy for Stroke (ESCAPE NAT)
trial (NCT02930018).

| Conclusion

In summary, streamlining pre-hospital transfer, acute stroke
imaging protocols, and in-hospital workflows as well as
optimizing thrombectomy technique are essential to
improve patient outcomes. Rather than over-relying on
advanced imaging techniques, we should aim to stick to
basic imaging for the sake of time and simplicity. Unnec-
essary protocols/steps/imaging/procedures prior to EVT
have to be avoided. Pre-notification tools and pre-prepared
stroke kits should be used so that the medical team is in
an “EVT-ready state” when the patient arrives. When
performing EVT, a primary combined technique such as
BADDASS should be used as first-line approach, since it
synergizes the advantages of stent retrievers and aspiration
and thus yields the best chances to achieve fast and com-
plete first-pass reperfusion. Standardization and automated
post-processing will help to streamline the imaging protocol.
Tenecteplase and neuroprotectants will probably soon change
the landscape of pharmacological stroke treatment. The
biggest challenge now is encountered in the pre-hospital
phase, and this is where the greatest time savings can be
achieved. How to get the right patient to the right hospital
as fast as possible is currently the most important question
that has yet to be solved.
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