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A B S T R A C T

This article summarizes a Medtronic-sponsored webinar held on the 19th of March 2018 in Barcelona, Spain.  This 
webinar was moderated by Professor Jens Fiehler.  In his introduction to the presentations given by the two speakers, Dr 
Alejandro Tomasello Weitz and Dr Marc Ribó Jacobi, Professor Fiehler reiterated the axiom familiar to all neurologists: 
that with a stroke, time lost is brain lost.  Professor Fiehler noted that improved organization with associated time 
savings in the patient transfer process to hospital, and in in-hospital organization, can have a significant beneficial impact 
in improving patients’ treatment outcomes.   

This webinar examined the ever-present dilemma faced by stroke neurologists: is it in the best interests of a patient 
with suspected acute stroke to be despatched the nearest primary stroke-ready hospital, to be stabilized, and if 
necessary, subsequently transferred to a comprehensive stroke centre, or should the patient be transferred directly to 
a comprehensive stoke centre?  Dr Tomasello provided insights into the process of optimizing in-hospital work flows 
and demonstrated the significant time-saving that can be achieved in transferring the acute stroke patient via a direct 
to angio-suite protocol.  This event was streamed live, via the Oruen Ltd website, to a wide audience of interventional 
neuroradiologists and physicians involved in the treatment of acute ischemic stroke.  The viewing audience were able to 
participate in a Questions and Answers session after the speakers’ presentations. 
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STROKE PATIENT ORGANIZATION IN CATALONIA - 
DR MARC RIBÓ .

TDr Ribó explained that endovascular thrombectomy 
treatment in Catalonia is currently only available in the 
Barcelona area; however, i.v. tissue plasminogen activator 
(tPA ) treatments are administered in 25 primary centres 
throughout Catalonia.  The comprehensive stroke centres 
with endovascular treatment capability are represented 
by the blue circles in the following figure.    

Since stroke response services and networks were initially 
established in Catalonia, Emergency Medical Services 
(EMS) have always transferred the patient to the closest 
primary stroke centre and then, if necessary, transferred the 
patient to a comprehensive stroke centre for endovascular 
treatment.  Currently, at comprehensive stroke centres 
in Barcelona there are three stroke teams on call (two 
teams for three centres and one team for two centres), and 

priority is given to transferring interventional stroke teams 
to the centre where the patient has been admitted.  This is 
considered less problematic than prioritizing transfer of 
the patient to one or two on-call comprehensive centres.  
During the 12-month period to December 2015, 1,217 
i.v. thrombolysis procedures and 494 endovascular 
thrombectomy interventions were conducted in Catalonia, 
as illustrated in the following figure.
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Dr Ribó confirmed the use of a prehospital scale by EMS 
in Catalonia to identify suspicion of large vessel occlusion 
(LVO) in patients with symptoms of acute stroke.  The Rapid 
Arterial oCclusion Evaluation (RACE) scale is a simple 
tool that correlates well with National Institutes of Health 
Stroke Scale, (NIHSS) score; it can accurately assess stroke 
severity, and identify patients with LVO (i.e. score >4) in 
the prehospital setting by medical emergency technicians.1  
Currently, over 90% of prehospital notification calls from 
EMS in Catalonia now include a RACE score.  About half of 
these patients will have a RACE score >4.
  
Dr Ribó described the stroke telenetwork in Catalonia.  In 
his hospital they participate in around 500 consultations 
with 16 or 17 regional hospitals annually; this telemedicine 
collaboration involves over 100 i.v. tPA treatment 
administrations. In addition, highly detailed data on all 
thrombolysis treatments and thrombectomy interventions 
conducted by individual hospitals in the Catalonia region 
are registry-collated, so performance metrics e.g. door-
to-needle time (DTN) for individual stroke centres can be 
compared.

The objective of stroke treatment is to achieve the highest 
degree of recanalization in the territory affected by the 
thrombus as soon as possible.  Success is currently defined 
as achieving angiographic Thrombolysis in Cerebral 
Infarction (TICI) 2b grade or TICI 3 grade recanalization 
of previously occluded target artery ischemic territory, as 
illustrated in the following TICI classification.2
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Administration of i.v. tPA must be carried out as fast as 
possible to be effective.  The impact of time to treatment 
on resultant revascularization rates is well documented; 
it drops from around 45% when treatment can be 
administered within 90 minutes, to around 16% when 
treatment is administered after 270 minutes.3 Dr Ribó 
noted that i.v. tPA treatment was not the best treatment 
for LVO; it is more suited to small volume clots, but it is 
widely available in primary stroke centres.  In contrast, 
high revascularization rates can be achieved very 
quickly with stent-retriever mechanical thrombectomy, 
but this intervention is not widely available, and can 
only be performed at comprehensive stroke centres.  
Unsurprisingly, the best thrombectomy performing centres 
are those dealing with the greatest volume of patients and 
with the most experience.  Hence, there is an imbalance 
between the availability of the two types of treatment, and 
this raises the question of how best to use them, separately 
or together, to best effect.

Within the last five years, randomized controlled trials 
(RCTs), notably: MR CLEAN4, ESCAPE5, EXTEND-IA6, SWIFT 

PRIME7 and REVASCAT8 reported better revascularization 
rates following mechanical thrombectomy in LVO 
compared with i.v. tPA thrombolysis.  Furthermore, the 
available data indicate the combination of i.v. tPA and 
mechanical thrombectomy is significantly superior to 
i.v. tPA treatment alone.  Dr Ribó felt that when an acute 
stroke patient has been hospitalized in a comprehensive 
centre, where both mechanical thrombectomy and i.v. t-PA 
thrombolyis interventions are available, the patient should 
receive both treatments. However, complications arise 
when a patient suffers an acute stroke in a remote area.  
The dilemma here is: should the patient by dispatched via 
a shorter transfer to the nearest primary stroke centre 
for prioritized rapid i.v. thrombolysis, and if necessary, 
then transferred to a comprehensive stroke centre for 
endovascular thrombectomy; or, should the primary stroke 
centre be by-passed, and the patient transferred directly 
to a comprehensive stroke centre?  This, as yet, unsolved 
dilemma is illustrated in the following figure.
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Dr Ribó referred to US 2015 data9 where the rate of 
endovascular treatment (EVT) was estimated to be three 
EVTs per 100,000 person-years; however, the number 
of eligible patients (annual incidence of 24 patients with 
LVO per 100,000 population) indicates the potential for 
significant growth of EVT in the USA.  These data indicate 
that the goal for interventional neurologists is to have the 
capability to perform between 15-20 EVTs annually per 
100,000 population.  In Catalonia (population 7.5 million), 
up until 2014, and following a protocol of prioritizing 
initial i.v. tPA, the number of mechanical thrombectomies 

performed annually was around 300.  Subsequently, 
following the REVASCAT publication, the number of 
mechanical thrombectomies performed in Catalonia has 
increased to between 600-700 per year.  Currently, the 
comprehensive stroke centres in the Barcelona area are 
performing 10 EVTs per 100,000 inhabitants; however, 
this rate drops to less than two EVTs per 100,000 
inhabitants for acute stroke patients in more remote areas 
of Catalonia.  The discrepancy in regional EVT rates in 
Catalonia is illustrated in the following figure.

Data from the STRATIS “real world“ registry (Systematic 
Evaluation of Patients TReated with Neurothrombectomy 
Devices for AcuTe Ischemic Stroke)10 has allowed a 
comparison of timings and outcomes associated with 
US acute stroke patients who were transferred from 
a peripheral primary hospital to a comprehensive 
stroke centre, versus patients transferred directly to a 
comprehensive stroke centre for thrombectomy.  Patients; 
irrespective of whether they had received i.v. tPA or not, 
who underwent a secondary transfer to the comprehensive 
centre experienced significant delays in time to 
revascularization and poorer mRS-assessed outcomes.  
However, Dr Ribó stressed that this analysis did not include 
those patients initially transferred to a primary centre, 
who subsequently did not receive EVT at a comprehensive 
centre, as they either had shown improvement or 
presented with a large infarct.  Consequently, Dr Ribó 
considered this analysis does not provide a complete 
answer to the interventionist’s dilemma of whether to by-
pass the peripheral centre in favour of direct transfer to a 
comprehensive centre.

Ideally, triage - the process of determining the priority 
of patients’ treatments based on the assessment of their 
condition, and usually conducted at a primary stroke 
centre, needs to be brought forward to the point where 
the patient is collected for ambulance transfer.  An early 
decision to transfer the patient to a comprehensive centre, 
to the CT scan, or even directly to the angio-suite, can 
typically save up to 60 minutes in the time taken before 
EVT can be initiated.  Important factors to consider in this 
decision-making process include:

•	 Triage capability and early identification of LVO versus 
small volume clots by EMS at the patient collection 
location.

•	 The relative distances involved for transfer to nearest 
primary versus comprehensive centre, and the 
capability of available EMS to transfer the patient 
safely, with adequate ambulance support and a low 
risk of complications.
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•	 The performance of individual primary stroke centres 
as demonstrated by e.g. DTN time.  Poorly performing 
primary centres should be avoided.  Assessment based 
on neurological symptoms is faster than a long wait 
for a CT scan.

•	 However, to avoid futile transfers, there is a contrary 
argument to wait for the CT scan.

•	 Organizational consequences: if, increasingly, stroke 
patients are transferred directly to comprehensive 
stroke centres, demand for stroke treatment at 
primary stroke centres will reduce, and available 
expertise for treating future acute stroke patients will 
be lost.

Methods and approaches to patient transfer 
decisions

Dr Ribó explained that one option for making the decision 
on direct versus indirect patient transfer is to use a pre-
hospital scale such as RACE that is predictive for LVO.  In 
a US study,11 patients assessed by EMS with a RACE score 
of ≥5 were taken directly to a comprehensive facility 
that offered advanced therapy. Patients transferred 
under the RACE Alert protocol were compared for 
time to recanalization with patients hospitalized via 
a standardized stroke alert.  The RACE Alert protocol 
significantly reduced median time to recanalization from 
205 minutes in the standard alert cohort to 101 minutes 
(p = 0.001).  These results indicate that EMS adaptation of 
the RA protocol is feasible and effective for early triage and 
treatment of patients with stroke, and it can significantly 
improve treatment times for both systemic thrombolysis 
and mechanical thrombectomy. 
Another option for patient transfer decision-making is 
based on modelling methodology leading to endovascular 
transport option maps that attempt to define the best 
transportation option for optimal outcomes for acute 
stroke patients.12 Essentially, this involves collating stroke 
centre performance data: DNT times etc. and the relative 
distances to individual primary and comprehensive stroke 
centres to arrive at the best modelled transfer option and 
outcome.

The American Heart Association (AHA) in conjunction 
with the American Stroke Association (ASA) has recently 
proposed a severity-based stroke triage algorithm for EMS 
when LVO is suspected.13 Transfer to the nearest primary 
stroke centres and prioritizing i.v. tPA is recommended, 
unless direct transport to a comprehensive involves a 
delay no more than 15 minutes, and the use of i.v. tPA is 
not precluded.  Dr Ribó felt these recommendations are 

opinion-based and do not address some of the concerns he 
had already raised.  Dr Ribó emphasized his opinion: that it 
was not in the best interests of an acute stroke patient with 
suspicion of LVO, to be transported to a primary stroke 
centre, if the patient was within a 30-minute transfer 
window to a comprehensive stroke centre.

A recent further approach, in effect, utilizes the primary 
stroke centre (PSC) as an extension of a comprehensive 
stroke centre (CSC).  For patients suspected of having 
emergent LVO who present to a primary stroke centre, a 
standardized protocol based on: (1) EMS on standby for 
secondary transfer, (2) early notification to the closest 
comprehensive centre, and (3) computed tomographic 
angiography (CTA) at the primary centre but shared 
cloud-based neuroimaging with the comprehensive stroke 
centre, is associated with significantly reduced groin-
to-puncture time and improved outcomes.14  When full 
executed, this protocol was associated with a reduction 
in median time for PSC arrival to CSC groin puncture from 
151 to 111 minutes, and patients were twice as likely to 
have favourable outcomes.

An increasingly popular approach to the acute stroke  
patient hospital transfer decision is based on the 
combination of prehospital scale assessments and novel 
technology involving mobile tele-stroke systems. This 
approach allows the EMS physical examination of the 
patient based on e.g. the RACE scale to be forwarded 
to comprehensive stroke centres for expert analysis.  
Instruction to EMS on the best transport option for the 
patient can then be given by the on-call expert stroke 
neurologist.  However, the best quality evidence to 
answer the question of whether to by-pass the patient, 
or not, will be provided by a randomized controlled 
trial.  In this respect, the ongoing RACECAT trial has been 
designed to compare the TRAnsfer to the Closest local 
stroke centre vs. direct transfer to Endovascular stroke 
Centre of Acute stroke patients with suspected large 
vessel occlusion in the Catalan Territory.  This study will 
provide specific randomized data that will help decide 
which transportation option provides the best outcome 
for acute stroke patients.  In particular, the RACECAT study 
should show whether option B is superior to option A, and 
also show how these options compare with option C, i.e. 
acute stroke patients rapidly hospitalized within the local 
Catalan comprehensive stroke centres area, shaded blue in 
the following figure.
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As at March 2018, 496 patients have been enrolled in 
RACECAT.  An interim analysis is planned when 700 patients 
have been enrolled, and the study plans to complete with a 
total of 1,700 patients.  The results and outcomes achieved 
in this landmark study are eagerly awaited.

IN-HOSPITAL ISCHEMIC STROKE FLOW – DR 
ALEJANDRO TOMASELLO WITZ

Dr Tomasello explained his presentation was based on the 
experience of in-hospital acute stroke work flows in the 
Hospital Universitari Vall d’Hebrón, Barcelona, and how 
these procedures have been optimized.  The pace of neural 
circuity loss following LVO acute ischemic and the process 
of accelerated aging are staggering, rapid, and highly time-
dependent.  The typical patient loses 1.9 million neurons 
each minute in which stroke is untreated.15 Put simply: 
every second counts.  
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For every 30 minutes lost in stroke onset-to-reperfusion 
time, the chances of achieving a favourable outcome for the 
acute stroke patient diminish by 10%,16 and the increasing 
negative impact of time to treatment on patients’ outcomes 
has been unequivocally illustrated in collaborative 
meta-analysis.17 The motivation of stroke neurologists 
to reduce timings during in-hospital work flows can be 
illustrated by the AHA/ASA 2011 recommendations: that 
comprehensive stroke centres should aim for a goal of two 
hours for median time from arrival to start of treatment;18 

yet, within a year, a target of 20 minutes was considered 
realistic.19 Door-to-needle (DTN) times have reduced 
considerably in many stroke centres in recent years.  For 
example, data from the Helsinki Stroke Thrombolysis 
Registry confirm that a series of interventions to reduce 
treatment delays, implemented over the years 1998 to 
2011, resulted in consistent reductions in annual median 
DTN times over that period.  This is illustrated in the figure 
below. 

The Helsinki data show that with multiple concurrent 
time saving strategies in place, it is possible to cut the 
median in-hospital delay to 20 minutes.19  
Dr Tomasello stressed the relationship between door-
to-groin (DTG) puncture time and the likelihood of a 
good outcome for the patient.  The probability of a good 

outcome diminishes with increasing time to groin puncture 
as illustrated in the following figure.20 Consequently, door 
to puncture presents a clinically relevant time frame by 
which system processes can be targeted to streamline the 
delivery of intra-arterial care in individual hospitals and 
nationally.
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A typical in-hospital acute ischemic stroke work flow is 
shown in the following figure. Several patient transfers 
are involved.  Dr Tomasello confirmed the 2015 mean DTG 
time at the Hospital Universitari Vall d’Hebrón was 92 
minutes.

In-hospital flow optimization

Dr Tomasello pointed out that, in reality, there are several 
different in-hospital ischemic stroke work flows. The 
clinical situation is different for individual patients.  
Dealing with a patient referred from a primary stroke 
centre is different from a patient transferred directly to the 
hospital.  At Vall d’Hebrón three key work flows or stroke 

codes are utilized: direct transfer to emergency room 
(DTER), direct transfer to the CT room (DTCT), and direct 
transfer to the angio-suite (DTAS).
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Dr Thomasello explained that in 2010 almost all acute 
stroke patients at Vall d’Hebrón were hospitalized with 
a DTER stroke code; however, by 2016, the majority of 
patients were hospitalized with more time-efficient DTCT 
or DTAS codes.  Improved pre-notification communication 
from EMS, with more specific diagnostic information on the 
in-coming patient’s status, has allowed the hospitalization 
stroke code to be decided in advance of the patient’s arrival, 
and has been increasingly responsible for the switch from 
DTER to DTCT and DTAS stroke codes.

In attempting to optimize in-hospital work flow, Dr 
Tomasello suggested an analysis based on deconstruction 
of the linear process involved, separating each individual 
step, the actions assigned at each step, and the 
professional(s) involved with each step.

Other factors to take into consideration are whether 
it is decided to treat the patient aggressively and the 
recommendations provided in recent guidelines for 
the early management of patients with acute ischaemic 
stroke.21

Neuroimaging

All patients suspected of having a stroke should receive 
neuroimaging; however, Dr Tomasello raised the question: 
what neuroimaging should be mandatory?  He noted that 
additional imaging beyond CT and CTA or MRI and magnetic 
resonance angiography (MRA), such as perfusion studies 
for selecting patients for mechanical thrombectomy 
within a 6-hour time window, is not recommended in 

recent AHA/ASA guidelines.21 Dr Tomasello felt a CT scan 
is mandatory to rule out haemorrhage and to quantify 
admission core lesion volume, and CT angiography is 
mandatory to identify vascular occlusion and will help with 
assessment of collaterals.  However, specific neuroimaging 
for collaterals and other contrast enhanced lesions are 
probably not required.
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At Vall d’Hebrón for patients arriving within a 6-hour 
window since their symptom onset, a CT or angio-CT scan 
is performed; sometimes CT perfusion is carried out, but 
not as a mandatory procedure.  For patients presenting 
later, from 6-8 hours up to 24 hours from symptom onset, 
Dr Tomasello stressed CT perfusion imaging (RAPID 
software, iSchema View) is mandatory, with the stroke 
team following the DAWN study22 protocol.  

To recap, Dr Tomasello explained the work flow 
optimization process is based on a deconstruction process, 

with a detailed step-by-step analysis that identifies the 
individual actions that have to be performed, and the 
individuals that perform them.  During this process it is 
important to identify any unnecessary activities that can be 
avoided, and any activities that can be delayed so priorities 
can be established.  For example, in the pre-hospital phase, 
the following steps and key information has to be recorded 
and coordinated by EMS and forwarded to the receiving 
stroke team, so the most efficient in-hospital work flow 
can be prepared in advance of the patient’s arrival.

Similarly, once the patient has been hospitalized the 
following steps and activities and checks have to be co-
ordinated rapidly and efficiently.

ED = Emergency department; GCS = Glasgow Coma Scale
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As an example of optimization of work flow steps to 
reduce procedural times, Dr Tomasello referred to a 
pilot study conducted by Aghaebrahim and colleagues.23  
In this investigation, by introducing initiatives such as: 
continuous feedback, improving communication between 
the emergency department and the stroke intervention 
team, prenotifications from EMS, minimizing diagnostic 
testing, direct transport to the CT scanner, and direct 
transport from the CT scanner to the angiography suite, 
the median door-to-puncture time was reduced from 
105 to 67 minutes.  This study shows relatively simple 
workflow improvements to streamline in-hospital triage 
and perform critical workup at the receiving hospital can 
result in highly significant reductions in door-to-puncture 
time.

The STEPS-T program (Stroke Triage Education, Procedure 
Standardization, and Technology) consists of stroke 
triage education and a standardized workflow; it was 
developed to manage the acute stroke patient as efficiently 
as possible on arrival to the hospital.  STEPS-T relies 
on the team dividing up responsibilities and tasks and 
running preparation and activities in parallel.  In a recent 
investigation,24 implementation of STEPS-T improved time-

to-treat in patients undergoing mechanical thrombectomy 
for AIS.  Over a 5-year period, significant reductions in 
median intervention time (from 121 to 52 minutes), 
and recanalization times (from 83 to 36 minutes), were 
achieved.  Additionally, across the study period, patients’ 
modified Rankin Score (mRS) 0-2 increased from 36-59%.
At Vall d’Hebrón, Dr Ribó and colleagues have compared 
the impact of their three principal workflow protocols i.e. 
direct transfer to emergency room (DTER), direct transfer 
to the CT room (DTCT), and direct transfer to the angio-
suite (DTAS) in 201 patients who were scheduled for 
endovascular treatment (EVT) over a 12-month period.25  
Those patients transferred directly to the angio-suite 
had NIHSS scores of <9, a time of onset of symptoms of 
<4.5 hours, and underwent cone-beam CT.  Dr Tomasello 
reported that cone-beam CT produces good results in his 
hospital and provides adequate imaging for evaluating 
acute stroke patients received within the 4.5 -hour time 
window.  The example scans below show pre-treatment 
status, hyperdensity evident post-thrombectomy, and 
haematoma.

Of the study’s 40 DTAS patients, 10 (25%) did not receive 
EVT due to evidence of intracranial haemorrhage (n = 3), 
or they did show an occlusion on angiography (n = 7); these 
patients were not included in the comparative analyses.  
Mean door-to puncture (D2P) time was significantly 

shorter in DTAS patients (17 minutes), compared with 
DTCT (60 minutes) and DTER (90 minutes).  These results 
are illustrated in the following figure, with the mean D2P 
times shown in the mid-grey shading.
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Notably, although there were no significant differences 
in NIHSS scores at 24 hours between the three workflow 
protocols, the rate of dramatic clinical improvement, 
defined as a drop of 10 NIHSS points over 24 hours, was 
significantly higher in DTAS patients (48.6%), compared 
with DTER (24.1%) and DTCT (27.4%) patients.  These 
analyses support the direct transfer and triage of acute 

ischaemic stroke patients in the angio-suite as feasible; 
it appears to be safe and achieves significant reduction in 
hospital work flow timings.   
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QUESTIONS AND ANSWERS

Professor Fiehler consolidated questions received from 
the webinar audience and relayed them to Dr Ribó and Dr 
Tomasello for response.

Jens Fiehler: How many endovascular stroke specialists do 
you think need to be available in the stroke centre?
Marc Ribó:  In our setting we cover the department with 
three specialists.  This is feasible; however, ideally, we 
would like to have four.  Three would be the minimum to 
cover a hospital like ours. 
Alejandro Tomasello: I agree.  For a hospital which 
provides endovascular treatment for over 200 acute 
ischaemic stroke patients a year, you need four stroke 
physicians.  Remember, we also treat haemorrhagic stroke 
and paediatric patients as well.

Jens Fiehler:  What is your assumption of the number of 
thrombectomies required per 100,000 inhabitants?  One 
webinar participant suggests 10-15 per 100,000.  Does this 
apply in the light of your Catalonia experience?
Marc Ribó: In the best areas of Catalonia we are at around 
10 per 100,000, but available published data indicate we 
should really be aiming to achieve between 15 and 20, 
especially since we have widened the time window for 
endovascular treatment beyond six hours and up to 24 
hours post-onset.

Jens Fiehler: What is your expectation of the rate of large 
vessel occlusion in ischaemic stroke?
Marc Ribó: In our experience the rate of stroke code 
activations that have large vessel occlusion is in the region 
of 35-50%.

Jens Fiehler: With respect to the RACECAT study, how far 
away is the most remote hospital in your trial?
Marc Ribó: In some cases, we may have transfers taking 
almost three hours to get the patient to a comprehensive 
stroke centre, during which time there will be no direct 
physician supervision and limited or no treatment for 
the patient.  In the RACECAT study we are hoping to 
identify if there is a time point in the direct transfer to the 
comprehensive centre, beyond which, there is no benefit 
to be gained over transfer to the nearest primary stroke 
centre.

Jens Fiehler: Do you think the RACECAT study may provide 
answers and solutions for patient transfer options that are 
relevant for Catalonia, but necessarily for the rest of the 
world? 
Marc Ribó: We hope the RACECAT study will provide 
information and pointers that can be applied to patient 
transfer decisions in other countries.  I am convinced 
there are distinctive differences and peculiarities between 
different regions; however, there will be similarities and 
parallels and we should concentrate on these.

Jens Fiehler: How do you train new physicians to do 
thrombectomies?  Do you have specific ways to include new 
colleagues for them to become endovascular treatment 
specialists?
Alejandro Tomasello: At the moment we are not training 
new interventionalists, but we know in the future will face 
this problem very soon.  Most likely we will have to develop 
greater expertise with more neurological radiologists and 
interventionalists outside the Barcelona area.
Marc Ribó: We are currently working at a European level to 
standardize the capability criteria and relevant credentials 
for physicians who, on qualification, will be able to offer 
and perform this endovascular treatment.

Jens Fiehler: We have a question about combined occlusions 
in the internal carotid artery (ICA) and MCI.  What are your 
experiences here, and if you do ICA stenting, do you do this 
before or after recanalization i.e. on the way up or down?
Marc Ribó: This is a controversial topic.  I can tell you 
what we are doing, but this might not be a solution for all 
interventional neurologists.  We don’t have a definitive 
answer about whether we should do stenting in the acute 
setting or not.  It probably depends on the ASPECTS score, 
whether the patient can tolerate dual antiplatelet therapy, 
and the kind of stent you are going to place.  We prefer to 
avoid acute stenting and perform angioplasty; however, if 
we sense there is acute re-occlusion following angioplasty 
we would then use a stent.
Alejandro Tomasello:  For most patients with these 
occlusions we cross the occlusion and perform the 
thrombectomy in the MCA, and then we treat the ICA 
occlusion.  There is one exception: when you have a 
dissection of the ICA with CT imaging showing a large 
clot evident in the vessel, under these circumstances, 
I sometimes prefer to stent first and then go to the 
thrombectomy to avoid re-occlusion and new embolization 
in the artery.

Jens Fiehler: After the DAWN and DEFUSE-3 studies, what 
is your opinion about CT perfusion?  You indicated in your 
presentation that you differentiate between 0-6 and 6-24 
hours.  What is your current opinion about this?
Marc Ribó: According to the latest AHA/ASA guidelines 
there is not much point in taking the endovascular 
treatment decision based on CT perfusion within six 
hours.  We can argue you should not take into account a 
CT perfusion scan within six hours because we are not 
really sure of what we are seeing, and this may result in 
avoiding treatment for some patients that can still benefit.  
For centres which have the capability, I would suggest CT 
perfusion beyond six hours is mandatory; however, if there 
is no opportunity to perform CT perfusion, it should not 
preclude endovascular treatment for a patient after six 
hours.  If the ASPECTS score is reasonable i.e. >5, I would 
not deny a patient thrombectomy after six hours.
Alejandro Tomasello:  I think CT perfusion may be useful 
in patients within the 0-6 or 0-8-hour windows who have 
low NIHSS scores and are carotid symptomatic.
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Jens Fiehler: In Columbia, the insurance companies need 
to move patients to other stroke units regardless of their 
quality and experience. The most important thing is the 
contracted deals the insurance companies have with the 
hospitals. In some cases, they send patients long distances. Is 
this system similar to yours?
Marc Ribó: This is a completely different setting to ours.  
Our patients are treated in public hospitals which are 
driven by completely different interests.  Here we prioritize 
time and use of the closest hospital – either primary or 
comprehensive centres – there are no other interests other 
than these.  

Jens Fiehler: Do you use balloon catheters and in what 
percentage of cases?
Alejandro Tomasello:  In most of our cases at our hospital 
we have been using the Solumbra aspiration technique; 
however, in the light of positive reports in the literature, 
I have recently moved back to the balloon guide catheter, 
and now I estimate I currently use the BGC in around 50% 
of cases.  
Marc Ribó: I am not a balloon guide catheter lover, but I 
acknowledge the available literature that supports its use.  
If you do not use the BGC, you definitely need to use a distal 
access catheter in conjunction with the stent-retriever and 
guide catheter.

Jens Fiehler: Do you think artificial intelligence and robotic 
technology will be able to contribute to stroke management 
- to make endovascular treatments faster?
Marc Ribó: We are facing times where, increasingly, new 
technologies can help us.  For example, I am collaborating 
with a start-up company which is developing an application 
that will assess and provide an NIHSS score based on a 
recording of the patient.  This, potentially, has great value 
in the pre-hospital phase.  Soon paramedics may be able 
to determine if their patient is having a stroke, or not, and 
include the patient’s NIHSS score in pre-notification calls; 
however, this technology will have to be properly validated 
before we can embrace it.  Original ideas like this will help 
us for sure.

Jens Fiehler: Is there a specific algorithm to define how a 
developing region should organize itself, and indicate where 
a patient should be sent from a specific location after the pre-
hospital assessment?  What would be your recommendation 
for a region without interventional stroke care?  How would 
you start?
Marc Ribó: There is no “one size fits all” answer here.  You 
cannot blindly apply the policy and procedures that have 
worked in one region to a completely different region.  
The best way forward is to become familiar with different 
approaches that have been taken and adapt those features 
and ideas that fit best with the specific challenges faced by 
the developing region.  There are some common points and 
considerations that are relevant to all regions irrespective 
of their stroke management capabilities.  You should use 
pre-hospital scales; these are very useful.  You should try 

to concentrate and consolidate endovascular treatment 
in one or two centres, to build expertise, volume of 
patients, and knowledge, rather than attempting very few 
endovascular interventions in numerous centres.  These 
basic principles are applicable to all regions; however, 
as far as I am aware, there is no published compendium 
or review of these stroke managements organizational 
models that we have discussed.

Jens Fiehler: Finally, when will the results of your RACECAT 
study be published?
Marc Ribó: We need some results first.  The first chance 
to stop the study will be in October or November 2018 
following the first interim analysis; there will be further 
interim analyses  6-monthly after that.
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