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Cerebrovascular accidents
Pierre Godeau
Devoting a meeting to stroke perfectly fits into the ongoing work at Institut Servier.
In fact, most of the themes over recent years have addressed the consequences of
ageing, and stroke is all the more frequent with advancing age. With an incidence of
150,000 cases a year in France and a prevalence of about 500,000, stroke represents
a major public health issue. Stroke often causes death or has sequelae that cause
disability or loss of independence, with extended hospitalisation possible, imposing
a considerable burden on health care resources.
Moreover, we cannot ignore the impact of personal loss of cognitive function—
even dementia—following a stroke that was apparently mild. Reactional depression
is a common consequence, along with resulting upheaval for the family unit.
Diverse factors determine prognosis, which varies hugely from one subject to
another after a stroke but it is reassuring to observe that there has been significant
improvement due to more timely and more effective management, especially in special Stroke Units. In addition, advances in re-education techniques have significantly
attenuated the impact of sequelae. However, coordination across the country remains
irregular and weak so logistical access-to-care deficiencies are far from resolved.
A precise assessment of possible solutions assumes an exact classification of
cerebrovascular accidents (CVAs), which is addressed by Marie-Germaine Bousser
who was the lynchpin in organising this meeting. Her question is “One cerebrovascular accident or many”. She reminds us that CVAs can be assigned to one of
five different categories with, broadly speaking, 5% due to meningeal haemorrhage,
15% to cerebral haemorrhage, 0.5% to cerebral venous thrombosis and transient
ischaemic attack (TIA) or cerebral infarction accounting for 78%. The last two
are grouped together because, despite their disparate evolution, they represent a
continuum and both require urgent, specific management.
Of course, it is impossible to cover in just one day everything about stroke and
certain topics have been deliberately left out of today’s programme, such as what
to do when confronted by an embolic CVA in a young patient with patent foramen
ovale (PFO). This has long been controversial with cardiologists tending to want to
operate and neurologists being more reserved. Three prospective studies suggested
that closing the communication is ineffective but two multicentre, meta-analytical
studies published since the end of 2013 go a long way to resolving this controversy:
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the first was French [1] and compared 1,224 operated patients versus 1,226 medically treated controls; the second, an American study, involved 1,150 treated patients
and 1,143 controls after randomisation. Both came to the same conclusions, namely
that the previous studies had lacked power and the number of accidents analysed was
insufficient to allow any valid conclusions. In contrast, the two more recent studies
provide solid evidence of the benefit of percutaneous PFO closure with a reduction
of about one-third in the risk of recurrence. Nevertheless, a small increase in the risk
of atrial fibrillation was detected in both studies and this should not be ignored. For
that reason, the French Close Study is being continued and this will lead, one can
hope, to the issuance of specific recommendations in coming months.
This leads to some general considerations on progress in medicine and communication between different disciplines. In 2014 when we are celebrating the centenary
of the Great War, it is useful to review the idea of the “Balkanisation” of medicine,
which had seemed out-dated and incomprehensible to the young generations but is
back in fashion. This picture points up the fragmentation of medicine into a series of
competing specialisms; this is not a defect although specialisms are sometimes hostile
to one another and inwardly focused on a small area of interest. Distinction should
be made between this attitude and the subdivision of each specialism of organs leading to the indispensable acquisition of greater knowledge and optimal adaptation of
diverse modern methods to an increasingly narrow field—an irreversible trend that
is essential for progress. In parallel, a return to the globalisation of medicine would
seem to be indispensable and complementary—rather than counter—to hyperspecialisation. Thus, improving CVA management depends as much on progress on
prevention and eliminating risk factors, as identified in the multicentre Interstroke
Study [3], a case-control study conducted in 22 countries, which focused on factors
somewhat different to the cardiac and coronary factors evaluated in the Interheart
Study. In any case, progress is ensured with the development of knowledge about
diabetes, improvements in metabolic and dietary issues as well as the management
of hyperlipidaemia, hypertension, peripheral and coronary artery disease, systemic
diseases, the fight against smoking and drinking, problems related to arrhythmia
and better control of clotting function (to maintain a balance between the risks of
thrombosis and haemorrhage), which can only be a subject of individual reflection
and would unproductively encumber this meeting’s programme, which is already
heavily loaded.
Let us just remember that managing atrial fibrillation (AF) can considerably
reduce the risk of thromboembolic stroke. According to the Ecole Cardiologique
de Bordeaux directed by Michel Haissaguerre, 1% of people have atrial fibrillation, i.e. 600,000 people in France and 4–5 million across Europe. Even higher
figures—750,000 in France—were reported recently by Jean-Marc Davy et al. at the
recent European Society of Cardiology Conference in Barcelona [4] together with an
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estimate that this figure will have doubled by 2050. Assuming that atrial fibrillation
underlies 20% of CVAs and that 30% of patients with AF show no symptoms, it is
important to raise the consciousness of general practitioners with respect to detecting AF, and they ought to be ready to seek specialist advice from a cardiologist if
they are in the least doubt. Without ignoring the controversies related to the latest
anticoagulants, which will be resolved when a suitable, routine laboratory test is
available, mention could be made of the development of obliteration techniques,
which 300,000 people underwent in 2013. The indications for such techniques
are growing exponentially (currently by more than 20% a year). Another way of
preventing stroke and peripheral embolization related to AF involves occluding the
left atrium with a nickel-titanium device that deploys like a tiny umbrella after insertion via a trans-septal approach with transoesophageal endoscopic guidance. This
Watchman device was assessed in the prospective American multicentre PROTECT
AF study: results after 3.8 years of follow-up—published this very day in JAMA
[5]—demonstrate its superiority over warfarin in non-valvular AF.
Consolidation and extension of such advances will prolong life expectancy and,
in particular, improve life expectancy in good health, so dear to our colleague JeanPierre Michel. However, we should not forget the risk—limited but growing—of
vasoconstrictor-induced CVA, associated with the use of methamphetamine (not yet
widespread), nasal vasoconstrictors that are of dubious therapeutic value and have
proved risks and, most importantly, cocaine that multiplies the risk of CVA in people
aged between 15 and 49 by a factor of 6 or 7, as reported recently by our colleagues
in Baltimore [6].
I have already spoken for too long and it is time to hear from Marie-Germaine
Bousser, who will quickly go over today’s programme before Michel Haguenau
moderates this morning’s session. Marie-Germaine will take over in the afternoon
and, at the end of the day, she will review the conclusions from this meeting, which
I hope will teach us all a great deal.
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Treating acute cerebral ischaemia
Sonia Alamowitch (Paris)

1995: birth of thrombolysis
In 1995, the National Institute of Neurological Disorders and Stroke (NINDS) published an article that established the evidence in favour of intravenous (IV) thrombolysis with recombinant tissue plasminogen activator (rt-PA) in the treatment of
acute-phase cerebral infarction. Compared with patients given placebo, those given
IV rt-PA within three hours of the onset of symptoms of stroke had a 30% better
chance of recovering without sequelae after three months [1].
Some ten years later, the ECASS 3 Study showed that IV thrombolysis is effective
over a slightly longer window, up to four-and-a-half hours after the first symptoms [2].
Physiopathology of cerebral infarction:
the ischaemic penumbra
Both of the above-mentioned studies showed that timing is essential for effective IV
thrombolysis. Ischaemic stroke is a dynamic phenomenon. Occlusion of the artery
and the resultant interruption of the blood supply distress brain tissue in the territory
supplied by the vessel concerned. In the middle of this territory, cerebral ischaemia
soon causes necrosis and irreversible functional impairment. Around this lesion
there is a patch called the “ischaemic penumbra”, which is compromised for several
hours and which can eventually become necrotic. However, the tissue remains viable
for a while and it can be rescued if the blood supply is restored in time. The aim of
therapeutic intervention is therefore to try to restore blood supply to the ischaemic
patch by unblocking the artery and saving the tissue in the ischaemic penumbra. The
earlier this is achieved, the greater the chance of success.
Time is brain
A meta-analysis covering nearly 6,000 patients was published in 2014. This
confirms that IV thrombolysis is effective up to four-and-a-half hours after the
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onset of symptoms but shows that its benefit diminishes with time: if treatment is
administered within 90 minutes, four patients have to be treated to obtain neurological recovery in one, whereas if treatment is started between three and fourand-a-half hours after the onset of symptoms, 14 patients will have to be treated
to obtain one recovery. Beyond four-and-a-half hours, treatment is ineffective
(Figure 1) [3].
Therefore, thrombolysis has to be started as soon as possible, hence the idea “time
is brain”. This imperative has major consequences when it comes to how care is
to be organised whenever there is any suspicion of cerebral infarction. A thrombolysis alarm triggers mobilisation of a whole emergency system to ensure that
the patient is cared for as quickly as possible both on the way to hospital and once
there.
Because every minute counts, patients should be referred straight away to a specialised Stroke Unit for rapid clinical assessment by an experienced neurovascular
team. Emergency brain imaging confirms the diagnosis and contraindications are
checked to identify patients who will benefit from thrombolysis. The aim is to take
less than an hour between the patient’s arrival at the hospital and the administration

Interaction: χ12 = 5.80 (p = 0.016)
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NPT: number of patients to treat.
110

Adjusted OR
(95% CI)

NPT for
Rankin 0–1

2.84 (1.75–4.60)
1.52 (1.10–2.11)
1.32 (1.09–1.61)
1.22 (0.96–1.54)

4
9
14
21

Treating acute cerebral ischaemia

of IV thrombolysis, referred to as “door-to-needle time”. This race against time
necessitates tight coordination between the emergency services (ambulance, etc.)
and the neurovascular team.
Major effort is required in terms of organisation at the hospital and coordination
with the radiology department and the emergency services. An American study
published in 2011 covering 25,504 stroke victims administered rt-PA between 2003
and 2009 showed that door-to-needle time was less than an hour for only 26.6% of
patients although the trend was positive since the percentage rose from 19.5% in
2003 to 29.1% in 2009 [4].
Access to treatment
Time to treatment
It is vital that patients arrive at the hospital as soon as possible. For this, they themselves have to be able to recognise the symptoms of stroke, which is the reason for
current media campaigns based on the message “If you experience sudden weakness
on one side of the body, call an ambulance straight away”. This assumes that the
emergency services will be able to identify stroke victims and take them straight to
a Stroke Unit. Some centres in France are trying out the idea of tele-thrombolysis: if
a patient is picked up by an ambulance far from any Stroke Unit, a remote neurovascular expert oversees the neurological work-up (tele-consultation) and evaluates the
radiological results (remote image transfer); the expert can then give the green light
for thrombolytic treatment with a minimum of time lost.
Reconsider the contraindications
Although rt-PA has been licensed for the treatment of acute cerebral infarction
since 2002 in Europe, only 5% of stroke victims receive it—the only modality with
demonstrated efficacy in the acute phase. One of the great challenges for the coming
years is to raise this percentage.
One possible avenue for improvement would be to review the contraindications to
rt-PA. Initially, many patients were denied treatment because of a fear of cerebral
bleeding.
After 20 years of experience and the accumulation of information, some of the
contraindications seem to be unwarranted and reconsidering them could already
increase the fraction of victims that might benefit up to 20% [5-8].
Patients over 80
Thrombolysis is not licensed for patients over 80, a population that accounts for
more than 30% of strokes. These patients were excluded from the early clinical trials
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because of the increased risk of cerebral haemorrhage on antithrombotic drugs. The
randomised IST3 (International Stroke Trial) Study compared IV rt-PA with placebo
in 3,035 patients, including 1,617 over 80 year-olds. This showed that benefit was
significantly greater in this elderly sub-population if the drug was administered
within three hours of the onset of symptoms (p = 0.027) [9].
The American guidelines no longer contraindicate IV thrombolysis within three
hours in patients of over 80 [10] and this should happen in Europe soon. Caution is
indicated in the next part of the window—between three hours and four-and-a-half
hours—which is a relative contraindication to be weighed up in the light of other
relative contraindications.
Rapid improvement in symptoms
Thirty per cent of patients with a cerebral infarction who show spontaneous
improvement within a matter of hours of the onset of symptoms or who only ever
show mild symptoms will have significant residual disability three months later
(mRankin ≥ 2). The risk of secondary deterioration is particularly high if the artery
remains occluded, causing permanent damage in the ischaemic penumbra [11-13].
For this reason, if an artery is blocked, rt-PA treatment should be started even if
the NIHSS score is 4 or under, and even if there is spontaneous regression of the
symptoms.
Indication for IV thrombolysis: one patient in two is borderline
An excellent article published in 2013 in Brain emphasised that, while thrombolysis
is indubitably indicated in a quarter of patients with a cerebral infarction in the
hyper-acute phase and indubitably contraindicated in another quarter, half of all patients are borderline, necessitating assessment of the benefit-risk balance for bleeding on the basis of a MRI-MRA scan of the tandem state of the cerebral parenchyma/
vascular permeability.
The list of contraindications to thrombolysis is shrinking with time and the following ten should be amended:
–– patients over 80 and under 18,
–– pregnant women,
–– epileptic seizure at the beginning of the stroke,
–– severe deficit (NIHSS >25) without extended infarction observed on a brain
MRI scan,
–– minor or improving deficit with arterial occlusion detected by imaging,
–– diabetes or a history of stroke,
–– recent, small cerebral infarction,
–– small, asymptomatic intracranial aneurysm,
–– anti-vitamin K treatment or INR <1.7,
112

Treating acute cerebral ischaemia

–– cerebral infarction on waking after MRI confirmation of the time of the
infarction [14].
Limitations of thrombolysis
IV thrombolysis is not always effective. It often fails to achieve sustained de-occlusion of a large or medium-calibre artery, especially the common basilar artery, the
M1 segment of the common carotid artery and the internal carotid artery. In these
situations, unblocking either fails or works initially with subsequent re-occlusion
(observed in 34% of cases) [15].
The artery can be unblocked by directly intervening on the intra-arterial clot in
the course of arteriography (interventional neuroradiology). Both chemical thrombolysis and mechanical thrombectomy are options. Mechanical modalities include
thrombo-aspiration and removal with a stent retriever. The currently preferred therapeutic strategy is called bridging therapy, which involves IV thrombolysis followed
by a procedure to unblock the artery. This approach has been compared with IV
thrombolysis in a series of randomised studies [16-18]. The first studies showed
that endovascular embolectomy was no better than IV thrombolysis, but in 2014 the
randomised CLEAN trial provided evidence that this therapeutic modality was of
benefit. In this Dutch study, standard treatment (IV rt-PA) was compared to a combination of IV thrombolysis + endovascular embolectomy in 500 carefully selected
patients who were treated very early (within 6 hours). The results clearly show the
superiority of combined treatment (OR: 1.65; 95% CI: 1.21–1.30) but it is important
to note that the median time to thrombectomy was extremely short (four-and-a-half
hours) [19, 20]. More clinical trial results are expected in 2015.

Other ways of treating acute-phase cerebral infarction
Anticoagulants
Anticoagulants were in fashion thirty years ago in this indication but therapeutic
trials have shown that they bring no benefit in the acute phase and have but few
indications (low level of evidence).
Antiplatelet drugs
Aspirin
Studies from over ten years ago showed that administering aspirin in the acute phase
of cerebral infarction slightly reduced the risk of recurrence (which is known to be
likely in the days after a first cerebral infarction) (OR: 0.77; 95% CI: 0.69–0.87;
p ≤ 0.05) [21].
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Combinations of antiplatelet drugs
A meta-analysis of 12 randomised trials covering a total of 3,766 patients compared
aspirin on its own with combinations of aspirin + dipyridamole and aspirin + clopidogrel. Compared with aspirin alone, combination with an antiplatelet drug slightly
reduced the risk of recurrence (OR: 0.67; 95% CI: 0.49–0.93) although bitherapy
was associated with a statistically insignificant rise in major bleeding events (OR:
2.09; 95% CI: 0.86–5.06) [22].
Combinations of antiplatelet drugs could be of benefit in the very early stages of a
transient ischaemic attack (TIA) or a minor cerebral infarction. A placebo-controlled,
randomised, double-masked study in China was conducted on 5,170 patients who
had had a minor infarct or a high-risk TIA in the last 24 hours. They were given
either a combination of clopidogrel + aspirin (clopidogrel at an initial daily dosage
of 300 mg then 75 mg for 90 days + aspirin at a daily dosage of 75 mg for the first
21 days) or placebo + aspirin (75 mg a day for 90 days). After 90 days, the combination proved more effective than aspirin alone at preventing cerebrovascular accidents
(CVA) (HR: 0.68; 95% CI: 0.57–0.81; p<0.001). Moderate-to-severe bleeding was
seen in 0.3% of patients in each group [23].
This study shows that, in the acute phase, bitherapy is more effective than monotherapy at preventing CVA recurrence with a positive benefit-risk ratio. This opens
up an avenue for the treatment of minor cerebral infarctions or TIAs in the acute
phase. Five different therapeutic trials comparing aspirin and combinations of antiplatelet drugs in these indications are currently under way.
Conclusion
By virtue of IV thrombolysis, it might now be possible to “cure” nearly 40% of
patients with cerebral infarction in the stage of progressive damage. IV thrombolysis has to be started as soon as possible: the challenge for the coming years is to
arrive at treating as many patients as possible as quickly as possible. Endovascular
techniques are opening up promising therapeutic perspectives and these will probably constitute a new weapon in tomorrow’s arsenal for the treatment of certain
patients in the acute stage. Finally, administering combinations of antiplatelet drugs
in the acute stage of a minor ischaemic accident could reduce the risk of full-blown
cerebral infarction.
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Stroke, new therapies:
After twenty years of thrombolysis, what’s new?
Jean-François Pinel (Rennes)
The science of the past is the best passport to the future.
Christina of Sweden (XVIth Century)

Intravenous thrombolysis cannot be boiled down to injecting a dose of 0.9 mg/kg
of alteplase (recombinant tissue plasminogen activator [rtPA]) to patients within
four-and-a-half hours of an ischaemic stroke. The development of this treatment
modality has profoundly changed not only vascular neurology but how all neurology
departments operate as well as how they are structured: the impact has spread to call
centres, emergency medical personnel and departments, and radiology services.
However, recommendations differ from country to country and individual practices are far from uniform. Many articles have been published but the studies they
report on have been subject to criticisms that could go as far as casting doubt on the
validity of the indications for IV thrombolysis. Some national agencies and learned
societies are considering reviewing their position.
So we need to go back over the past.
Development of IV thrombolysis
Going back to the publication nearly twenty years ago of the results of the NINDS
Study in the New England Journal of Medicine in December 1995 [1], we can look
at the very particular history of this innovation.
In the 1960s, a few articles were published on using thrombolytic agents in the
treatment of stroke. In 1988, del Zoppo [2] compiled eight studies, including Abe’s
last one [3], which reports on 58 patients, of whom 48 improved without bleeding complications or dying; this was a double-blind, multicentre study with no age
restriction on patients who could be included up to 15 days after the event. The
treatment given was low-dose urokinase for six days and the end point was based on
global improvement after one month. This is very different from the methodology
of later studies but, at the time, given that the use of such pharmacological agents
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was very young, a number of experts declared themselves optimistic about the future
(Grotta [4]; Sloan [5]), referring back to the prior use of rtPA and the possibility of
combining protective agents with thrombolysis. To date, studies on protective agents
have all given negative results.
In the 1990s, a number of important studies were carried out, some with streptokinase (MAST-I 1995 [6], ASK 1996 [7], MAST-E 1996 [8]) and others with rtPA
(ECASS 1995 [9], ECASS II 1998 [10]); globally, these all gave negative results.
Some post-hoc analyses might show a positive trend but only at the expense of methodological “tweaks” (e.g. modification of the endpoints of the analysis for ECASS II).
This led to open conflict and a frank split between the investigators, with two different
sets of results presented for MAST-I, each coming to different conclusions [11]).
In fact, the true revolution was reported in 1993 by Langhorne. This pointed
up the value of developing Stroke Units, which afford some degree of help to all
admitted patients. Despite validated studies demonstrating the benefit of bringing
stroke-related resources—both medical and non-medical—together in one facility, it
was thrombolysis that, even though it is only relevant to a small fraction of patients,
swung the argument for creating avenues that led to the implantation of Stroke Units:
setting up such units that help all victims of stroke—be it ischaemic or not, treated
by thrombolysis or not—would have been far more difficult without the striking
image of a clot to be “dissolved”.
There had been little progress in the pharmacology of treating acute-phase ischaemic stroke. Studies that pointed up the modest efficacy of aspirin were still under way
and would not be published until two years later in 1997 (IST [12] and CAST [13])
and the value of low molecular weight heparin prescribed within 48 hours [14] had
only just been published with the results of a study on 300 patients; nevertheless,
efficacy vis-à-vis outcome at Month 6 was not subsequently confirmed.
It was therefore with enthusiasm that neurologists welcomed the results of the
NINDS Study [1] showing the benefit of injecting rtPA within three hours of the
onset of a stroke vis-à-vis functional prognosis at Month 3.
However, from the day of publication, there was extensive fundamental criticism: it
was the only positive study; the main objective was changed after 291 inclusions; no
efficacy was manifest in scores after 24 hours or global mortality; the differential in
NIHSS score between the treated and control groups at baseline could alone account
for the Month 6 Rankin score result; and finally, the “price” to be paid to prevent
11 cases of death or dependence was 6 cases of intracranial haematoma and three
deaths directly attributable to treatment (which did not necessarily strike patients
with the most severe strokes). Finally, the study only covered a total of 624 patients
while the cohorts of our cardiologist colleagues on thrombolysis were of the order
of 60,000 patients in the 1990 GISSI 2 Study [15] and 41,000 in the 1993 GUSTO
Study [16] (which already compared different thrombolytic agents).
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In 1996 and 1997, several experts respected in the neurovascular community considered that there was insufficient evidence to justify generalisation of this treatment
modality; van Gijn [17], while welcoming the fact that a door had been opened,
found it premature to conclude that intravenous thrombolysis was effective; Furlan
and Kanoti [18] believed that it was too early to use intravenous thrombolysis outside of a research framework, despite FDA approval; Caplan and Mohr [19] deemed
the treatment too risky and thought that widespread implementation could lead to
too many complications (some life-threatening) for minor benefit in a fraction of
patients.
Nevertheless, in August 2000, the recommendations were upgraded from 2B to 1
without any supplementary results and despite many experts casting doubt on the
NINDS results, particularly pointing to the problem that the fact that the placebo
group had been less seriously compromised at baseline could alone account for the
month 3 results (Lenzer [20]; Mann [21]).
In 2002 in the British Medical Journal, a number of experts (Warlow, Wardlaw
[22]; Trotter [23]) suggested that what had been demonstrated for myocardial infarction had not yet been demonstrated for the brain, that this treatment should still be
restricted to a tightly targeted patient population, that the benefits seem to have been
exaggerated in the literature, and that further studies were warranted.
It is against this background that the administration of rtPA within three hours of an
ischaemic stroke was licensed in Europe in 2003. The French Neurovascular Society
issued guidelines [24] based on the results of meta-analyses: globally, "14 deaths
or dependences" prevented for every 100 treated patients notwithstanding the risk
of intracranial haematoma (ten-fold higher, including 75% fatal), a "balance" of
one death for four patients benefitted was recognised but globally, as long as the
contraindications were applied (in particular timing of the administration of treatment), thrombolysis should be widely provided as long as it was administered by a
well-trained team.
A number of studies were then published to try to specify contraindications and
emphasise the risks of failing to adhere to the treatment protocol [25, 26], while
raising the issue of whether or not to train emergency physicians [27] and already
debating the special case of the elderly [28]; in this way, the practice of thrombolysis
grew in France in parallel to the set-up of Stroke Units.
The tiny fraction of patients who were managing to get administered IV thrombolysis within three hours then justified a massive effort to improve the pre-hospital
phase, restructure acute-phase care in the hospital and review all the channels
used for stroke victims (whether treated by thrombolysis or not). The very image
of emergency neurology and neurologists was changed by these advances. Two
articles [29], one of which is a pastiche that mimics an article in the NEJM [30], reviewed the situation in 2002 and 2003 with humour, "Thrombolysis for acute stroke
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has revolutionized the psychology of the specialty and this tendency has impacted
on other specialties. It remains to be seen if there is an equally beneficial effect
on stroke patients. Until then, preventative treatment of hypertension, diabetes, and
lifestyle modifications including smoking cessation and exercise are recommended
both for neurologists and the general public".
The main reason for withholding thrombolytic treatment remained the three-hour
time limit and models suggested that later administration might be effective. The
ECASS III Study [31] published in 2008 answered this question by demonstrating
effectiveness in terms of Rankin score on day 90 in patients treated between three
hours and four-and-a-half hours after onset.
Then in 2012, the large-scale, pragmatic, international, multicentre, randomised,
open-label IST-3 Study [32] on 3,035 patients set out to investigate whether the
indication could be extended to all patients, whatever their age, and prolonged
out to six hours. In practice, doctors excluded patients in whom they were sure of
the indication or the contraindication and only borderline patients were included.
Assessment was on the basis of an equivalent of the Rankin Scale and the trial was
open-label in that the patient knew which treatment he or she had received. The
article published in May 2012 came to the conclusion that thrombolysis within
six hours improved functional prognosis whatever the patient’s age. Fully 95% of
the patients included did not fulfil the criteria recommended in Europe: 53% were
over 80 and 32% had a NIHSS score of 16 or over (a severe stroke). The paradigm
seemed therefore to be reversed: hitherto in an emergency context, neurologists
asked what the indication was in a stroke victim, but now the question had become in which patient who has had a stroke in the last six hours is thrombolysis
contraindicated [33]?
Current situation
The number of articles published on this subject has continued to grow in recent
years, from 445 posted on PubMed in 2010 to 572, 714 and 846 in the following
years, with more than 900 in 2014. Reviewing the main topics addressed between
2004 and 2014, it is clear that logistic issues are still as commonly brought up, the
number of articles on imaging is declining and new subjects have emerged, including combining thrombolysis with an endovascular procedure, questions about using
thrombolytic agents in patients on direct oral anticoagulants, and remote diagnosis
and prescription (telemedicine). Clinical articles remain highly represented: what
is the risk of administering thrombolysis to a patient wrongly diagnosed with
acute-phase stroke [34-36]? Are there differences in efficacy and safety between
Caucasians and Chinese subjects [37, 38]? How sensitive and specific is MRI in the
acute phase [39]? What weight should be accorded to scores that predict intracranial
120

Stroke, new therapies: After twenty years of thrombolysis, what’s new?

haemorrhage [40]? Should thrombolysis be undertaken in a patient with a nondebilitating stroke [41]? Does thrombolysis have more impact on damage to white
matter or grey matter [42]? Can imaging explain why some patients deteriorate
despite treatment [43]? What are the most useful relative and absolute contraindications because they vary between learned societies and from country to country [44]?
Despite 20 years of experience and an extensive literature, it has to be admitted
that neurologists’ attitudes in these special emergency situations remain highly disparate. A survey carried out in Brittany in 2013 [45] put 28 specific scenarios—age,
background factors, symptoms, relative contraindications, MRI details—to 30 neurologists working in a Neurovascular Unit. Consensus was only observed in 10% of
these situations; in about one-third, there was a relative majority; in another third,
trends could be observed; and in the last third, the different interviewees proposed
entirely disparate therapeutic strategies. When thrombolysis was in question, the
principal fear was exacerbation due to intracranial haemorrhage. In the course
of administration, the main preoccupation was safety with efficacy only considered secondarily. Modifications to practice were insidious, often due to personal
experience because it is not possible to conduct rigorous trials in all situations.
Contraindications were ignored because they only reflect exclusion criteria from the
early studies. Neuroradiological scan-based criteria (that thrombolysis has taught us
to read) have been changed to different MRI-based criteria, at least at centres that
have the relevant equipment for emergencies (which also contributes to inconsistent
practice).
Nevertheless, the learned societies regularly update their recommendations [46]
and the Cochrane Library published summaries in 2000, 2003, 2009 and 2014
[47-50]; the latter document—of over 160 pages—covers 27 studies and a total of
over 10,000 patients. Initially, in 2000, the Cochrane Collaboration did not seem
to be convinced of the usefulness of intravenous thrombolysis, despite the NINDS
Study published five years before. By 2014, their conclusion was more positive,
“Thrombolytic therapy given up to six hours after stroke reduces the proportion
of dead or dependent people. This overall benefit was apparent despite an increase
in symptomatic intracranial haemorrhage, deaths at 10 days, and final assessments.
Age, scan modifications or severity do not constitute contraindications to this treatment, especially in the first four-and-a-half hours".
Questions
Although it is funded by the National Health Service, the Cochrane Collaboration
stipulates that its conclusions are not necessarily the same as those of that organisation so, despite the methodological rigour applied for this meta-analysis, there may
be room for more equivocal opinions.
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With respect to prolongation of the therapeutic window from three to four-and-ahalf hours following the findings of the ECASS III Study, there is still controversy.
A series of articles published in Stroke in 2014 points out that the FDA has not
approved this extension and that, in the absence of new studies (which is unlikely),
the question will persist [51-53]. Among the criticisms of this study, some experts
note that the placebo group was in a slightly more serious condition at baseline, that
patients in this group had two times as many cerebrovascular events in their past
and that the percentage with intracerebral haemorrhage was particularly low in the
treated group, partly due to a specific change in the definition for this study. These
authors also point out that this was the only study with positive results; in other
studies conducted at the same time, excess mortality led to premature termination. A
project on desmoteplase [54] published in 2009 also sought to investigate prolonging the therapeutic window but gave negative results. This latter study attracted far
less attention and it was only cited 7 times in subsequent reference titles whereas the
ECASS III Study was cited 113 times.
The IST-3 Study [32] attracted more virulent criticisms and was attacked in a didactic article [55] that raises more methodological questions: description of skewing
factors, of the principle of eligibility on the uncertainty, switch from a double-blind
design to open-label after the inclusion of 276 patients, an experienced centre being defined as one that administers thrombolysis just three times a year, the ordinal
analysis being carried out secondarily, retrospectively changing the study’s main
objective for the analysis, excess mortality in the first seven days for “cerebral”
causes (p = 0.0001), and possible conflicts of interest.
Other even more critical—even virulent—opinions have been broadcast [56, 57].
Often well argued on the basis of solid evidence, these opinions affirm that the results cannot be taken as positive if there is no difference in the pre-established month
6 “death and dependence” end point. They emphasise that the inclusion method
must have favoured treatment in the thrombolysis arm (because patients in whom
the physician concluded there was a contraindication were excluded) and it was not
therefore legitimate to extrapolate the results to “all” patients in the “real world”.
Moreover, the absence of any relationship between efficacy and time to administration casts serious doubt on the ECASS III results, already heavily criticised. In fact,
the authors of IST-3 [32] recognise that treatment between three and four-and-a-half
hours seems to be harmful.
All these questions about ECASS III and to an even greater extent IST-3 shed
doubt on the very issue of whether intravenous thrombolysis is really effective [58];
globally, out of the twelve relevant major studies, six showed no benefit, four had to
be terminated prematurely because of adverse effects and the conclusions from the
other two—despite their having been declared positive—remain highly debatable in
the light of the methodology used for data analysis [59].
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Now, criticisms of the pivot 1995 NINDS Study are coming up again. A wellsupported analysis with figures based on the whole original dataset concludes, after
nearly fifteen years, that it is impossible to determine whether or not IV thrombolysis
is effective in the treatment of ischaemic stroke [60].

Subgroup

Events/number of patients
rt-PA

Control

Adjusted odds
ratio (99% CI)

331/698 (47.4%)

346/719 (48.1%)

0.92 (0.67–1.26)

>80
223/817 (27.3%)
NIHSS score

188/799 (23.5%)

1.35 (0.97–1.88)

Age (years)
≤80

0.029

0.003

0–5
221/304 (72.7%) 232/308 (75.3%)
6–14
276/728 (37.9%) 268/724 (37.0%)
15–24
50/402 (12.4%)
33/421 (7.8%)
≥25
7/81 (8.6%)
1/65 (1.5%)
Predicted probability of poor outcome at 6 month

0.85 (0.52–1.38)
1.08 (0.81–1.45)
1.73 (0.93–3.20)
7.43 (0.43–129.00)

<0.4
256/351 (72.9%)
0.4–0.5
88/169 (52.1%)
0.5–0.75
127/361 (35.2%)
>0.75
83/634 (13.1%)
Time to randomisation (h)

290/377 (76.9%)
76/160 (47.5%)
118/357 (33.1%)
50/624 (8.0%)

0.81 (0.52–1.26)
1.20 (0.68–2.13)
1.10 (0.73–1.65)
1.73 (1.07–2.82)

132/431 (30.6%) 95/418 (22.7%)
182/577 (31.5%) 226/600 (37.7%)
240/507 (47.3 %) 213/500 (42.6%)

1.64 (1.03–2.62)
0.73 (0.50–1.07)
1.31 (0.89–1.93)

0–3
3–4.5
>4.5
Trial phase

Adjusted
p value

0.009

0.613

0.479

Blinded
34/136 (25.0%)
38/140 (27.1%)
Open
520/1379 (37.7%) 496/1378 (36.0%)
Centre with experience of thrombolysis

0.91 (0.42–1.98)
1.14 (0.89–1.45)

No
Yes

313/940 (33.3%)
241/575(41.9%)

1.10 (0.82–1.48)
1.14 (0.78–1.66)

Total

554/1515 (36.6%) 534/1518 (35.2%)

0.911

309/950 (32.5%)
225/568 (39.6%)

0.4

1.12 (0.89–1.41)
1.0

Favours control

3.0
Favours rt-PA

Figure 1. IST-3 Study. Effect of treatment on the main end point ("alive and independent", Oxford
Handicap Score 0,1,2). No significant effect in the population as a whole or sub-groups; insignificant
tendency to exacerbation in patients under 80, minor deficit, patients treated between 3 h and 4 h 30
[32].
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Placebo < 90 min (n = 145)
tPA < 90 min (n = 157)
Placebo 90–180 min (n = 167)
tPA 90–180 min (n = 155)

90 Day change in NIHSS

40

Improved

20
0

–20

Worse

–40
0%

50%

100%

Figure 2. Data from the NINDS Study. Distribution of changes in NIHSS score between randomisation
and day 90. Positive values mean an improvement in score. There is no difference between the treated
group and the control group [60].

In the August 2014 Lancet [61], Shinton re-analysed the NINDS and IST-3 results.
He goes back over the old criticisms and concludes that evidence in favour of the
benefit of thrombolysis remains poor. He also concludes that, although Neurovascular
Units efficiently care for victims of strokes, the regulatory agencies ought to review
the whole case for rtPA.
This is what Cohen and Macdonald seemed to announce in the British Medical
Journal in September 2014 with respect to the UK drug agency [62]. In an August
2014 letter to the Internal Medicine Journal [63], Fatovich reports that the American
College of Emergency Physicians is going to review its recommendations and that
the Australian College of Emergency Medicine considers that IV thrombolysis no
longer constitutes part of the standard treatment for ischaemic stroke.
It is against this background of uncertainty that we have to look after our patients,
a thorny problem. Shamy [64] conducted a survey of 70 neurologists in the Canadian
Province of Ontario that showed highly disparate approaches as we observed in
our small survey in Brittany. Curiously, in our study, believing in a high or low
benefit-to-risk ratio did not change practitioners’ prescribing behaviour in terms of
indication in the 28 scenarios proposed. Medical decision-making remains an art
that, if not actually mysterious is, at any rate, difficult.
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Conclusion
This article aims to weigh up the possible direct benefits of intravenous thrombolysis,
but it is important to recognise that the existence of this therapeutic modality has been
a magnificent engine in the management of strokes in general with the development of
Neurovascular Units with dedicated staff, the establishment of channels upstream and
downstream, the creation of posts for neurovascular specialists, the setting of precautions and deadlines for all neurological patients, the development of neuroradiology
with CT scanners and MRI equipment available round the clock seven days a week,
the development of interventional neuroradiology, impact on teaching and research,
and finally how strokes are perceived by the general public. All this can, in part, be
chalked up to intravenous thrombolysis. In this sense, the positive impact of this
treatment modality—which ultimately only concerns a small fraction of strokes—has
gone significantly beyond simple benefit to patients who are treated with alteplase.
This review of past publications does not target the medical recommendations.
Its only aim is to point out that our objectivity is very relative and that the rigour
required for progress in medical science does not preclude examination of our
perceptions, even our prejudices. With ischaemic strokes, it is vital to recognise the
value of urgent repermeabilisation of the thrombosed vessel to prevent spread of the
infarct into the penumbral area. For all that, we must remain vigilant in our reading of the literature and avoid making self-fulfilling prophesies. We should switch
between strict adherence to clinical trial methodology (costly and difficult to repeat)
and post-hoc analyses to extract information retrospectively. The journey that has
brought us from the 1995 NINDS Study (approval of treatment within three hours)
to the ECASS III Study (extension of the window to four-and-a-half hours) and then
the IST-3 Study (recommending prolongation of the window to six hours for all
patients) could also be re-examined by going back over the past. But history moves
on and although the past may have a lot to teach us, we cannot wipe the slate clean
and just go back to the situation before 1995.
Some questions remain. When a meta-analysis lacks rationale (disparate methodologies, imbalance in population size between different studies), how should
positive and negative studies (NINDS, ECASS, DIAS 2) be weighed up against
one another? Should changes be made to the protocol while a study is under way
(NINDS, IST-3)? Should so much interest be placed in post-hoc statistical analyses
that reverse hitherto negative results (IST-3; Figure 1) and positive results (NINDS;
Figure 2)? How to reconcile guidelines from learned societies with those of national
regulatory agencies when, according to the literature, opinions diverge (extension of
IV thrombolysis to four-and-a-half hours)?
To these questions with no simple answer, it is important to add the major issue
of how to apply guidelines to the treatment of a given patient—which would open
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another debate that is widely discussed in the literature. Finally, techniques evolve
and since intravenous thrombolysis has been shown to have limitations, questions
now focus on combining it with mechanical thrombectomy [65].
Common sense has a future.
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Treating Hemorrhagic stroke
Christian Stapf (Paris)

Hemorrhagic stroke: a high-risk stroke type
Stroke constitutes the third cause of mortality and the leading cause of disability in our
society. Between 70% and 90% of cerebrovascular accidents (CVAs) are ischaemic.
Although it is not as common, hemorrhagic stroke is a particularly s erious type of
CVA with a mortality rate of 30–60% within the first 30 days (compared with 15–20%
from cerebral infarct) and at times severe neurological deficit in the long term.
With the ageing of the population and, in parallel, the ever-more widespread
prescription of anticoagulant drugs, the annual incidence of hemorrhagic stroke is
steadily rising. The most important risk factors are arterial hypertension (60–70%
of cases), heavy drinking and smoking as well as other predisposing factors such as
cerebral amyloid angiopathy.
In the first 24 hours of a spontaneous hemorrhagic stroke, the volume of the haematoma grows by at least one-third in 38% of cases. Hematoma expansion is a factor
that is associated with poor prognosis in terms of death in the acute phase as well as
long-term morbidity.
Treatment
Any hemorrhagic stroke has an underlying cause
In the last forty years, various classification systems for ischemic stroke have been
proposed to categorise cerebral infarcts according to aetiology, e.g. the Harvard
Stroke Registry / NINDS Stroke Databank, the Oxford Community Stroke Project
classification (OCSP), TOAST (Trial of Org 10172 in Acute Stroke Treatment) and
ASCO (Atherosclerosis, Small vessel disease, Cardiac source, Other cause).
In contrast, classification systems for hemorrhagic stroke only take stock of their
location (intracerebral / sub-arachnoid / intraventricular or lobar/deep) with an
aetiological component limited to distinction between “primary” and “secondary”
or “hypertensive” hemorrhage. It is important to emphasise that hemorrhagic stroke
always has an underlying structural cause so, in effect, all of them are s econdary.
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In addition, the term “hypertensive hemorrhage” mixes up risk factor and cause: a
risk factor can predispose to or trigger an underlying cause but it does not constitute
a structural cause of the bleeding. In consequence, treating a case of hemorrhagic
stroke necessarily involves identifying the underlying problem by means of a scrupulous etiologic investigation.
Various vascular pathologies can cause cerebral bleeding, involving arteries (cerebral microangiopathy, aneurysm, reversible cerebral vasoconstriction syndrome,
moya-moya disease, etc.), veins (cerebral venous thrombosis, cerebral cavernoma,
etc.) or where the two systems meet (arteriovenous malformation, dural fistula).
Bleeding can also be a complication of some other underlying problem like a cerebral
infarction (through secondary hemorrhagic transformation), neoplasia or systemic
disease (impaired clotting function, endocarditis, etc.) (Table 1) [1].
Table 1. Acute hemorrhagic stroke: etiologic sub-groups [1]
Microangiopathy
   Arteriolosclerosis / lipohyalinosis
   Amyloid angiopathy
  Genetic
Vascular malformation
   Arteriovenous malformation
   Cerebral cavernous malformation
Intracranial aneurysm
Venous disease
   Cerebral venous thrombosis
  Dural fistula
Reversible cerebral vasoconstriction
syndrome

Moya-Moya disease
Inflammation
  Vasculitis
  Mycotic aneurysm
Neoplasia
  Brain tumour
  Cerebral metastasis
Hemostatic disorder
  Genetic
  Acquired/iatrogenic
Drug-induced
Hemorrhagic infarction
Head trauma

Towards a classification system for hemorrhagic stroke
Modern diagnostic imaging techniques include CT scanning and CT angiography,
brain MRI and MRA and cerebral arteriography with arterial catheterisation.
The sensitivity and specificity of the various radiological techniques are currently
being assessed in a series of ongoing studies. In collaboration with our colleague,
Professor Charlotte Cordonnier (CHRU Lille), we are currently working with a number of European centres on a first etiologic classification system and we are trying to
define diagnostic criteria to establish an aetiology as Possible, Probable or Definite.
Ranking imaging techniques
According to data derived from a prospective cohort of 152 patients, CT scanning allowed us to make an etiologic diagnosis in 3% of patients, MRI/MRA in
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63% and arteriography in 6%, i.e. a total of 72% precise etiologic diagnoses in cases
of hemorrhagic stroke traditionally classified as either “Primary” or “Hypertensive.”
It is important to emphasise that 21% of these diagnoses immediately impacted on
how the patients were being managed.
In patients who could not originally be diagnosed etiologically, imaging examinations were repeated 3–4 months later after the hematoma had been re-absorbed
(because it can mask the cause of the bleeding). For example, even though the
initial arteriography might have looked normal, the same examination after re-absorption of the hematoma could reveal an arteriovenous malformation or a cerebral
cavernoma—which could be treated and cured.
To summarize, our practice ought to be conditioned by the fact that all hemorrhages
are secondary and the idea of ”primary” or “hypertensive” hemorrhage should be
avoided. The purpose of imaging is to visualise the cause of the bleeding. Some
etiologic diagnoses need to be made immediately because they will affect treatment
strategy in the acute phase, including aneurysm, haemorrhagic infarction, venous
disease and systemic disease. In addition, any identified cause will have long-term
implications such as repair of the lesion if that is possible (including aneurysm,
arteriovenous malformation, cavernoma and dural fistula) and control of risk factors
(arterial hypertension, smoking, etc.).
Towards targeted treatment
Spot-sign
Most patients will be diagnosed with small artery disease. These patients are
at risk of rapid exacerbation through the following cascade of events: growth in
volume (mass effect), ventricular inundation, secondary hydrocephalus, intracranial hypertension and, in the worst case, cerebral herniation leading to death of the
patient. It is vital therefore to interrupt this process. A radiological phenomenon
called spot sign is currently being assessed as a predictor of hemorrhagic expansion
[2]. A multicentre, observational study published in 2012 on 268 patients with a
hemorrhagic stroke reported finding the spot sign in the acute hematomas of one
quarter of patients (23%). The presence of this spot sign was predictive of hematoma
expansion with a sensitivity of 51% and a specificity of 85%. Mortality at 3 months
was 43.4% in patients with the spot sign compared with 19.6% in those without it
(HR: 2.4, 95% Confidence Interval: 1.4–4.0; p = 0.002) [3].
Management
Addressing risk factors
Involvement of small arteries in the brain is often due to the effect of vascular risk
factors that have caused damage to arterial walls, ultimately leading to rupture.
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Controlling such risk factors, especially hypertension, is essential to prevent further
damage to small arteries and bleeding complications. It should be borne in mind
that reducing systolic blood pressure by 10 mmHg or diastolic pressure by 5 mmHg
prevents 80% of Hemorrhagic strokes in five years.
Stop extravasation and expansion of the haematoma
–– Local haemostasis
Promising results have been obtained with very early administration (within
four hours of the onset of symptoms) of a coagulation factor, namely recombinant a ctivated factor VII (FVIIa), in a randomised phase II study evaluating
efficacy and safety. Cerebral haematoma volume grew markedly less in the
treated group than in the placebo group with significant efficacy on clinical
criteria of dependence and mortality [4].
Nevertheless, a phase III confirmatory study failed to detect any positive effect
on clinical outcome [5].
Other hemostatic treatments are currently undergoing evaluation, including the
transfusion of platelets to victims of an acute Hemorrhagic stroke while on antiplatelet therapy (the PATCH Study). Until the results are available, haemostatic
treatment cannot be recommended in the treatment of acute Hemorrhagic stroke.
–– Neurosurgical evacuation
Hematomas are surgically drained on a case-by-case basis without any scientific
evidence on any of the techniques used: evacuation via an open craniotomy or by
endoscope with stereotactic guidance. The international STICH (Surgical Trial
in IntraHemorrhagic stroke) Study included more than 1,000 patients and compared early surgical evacuation with conservative medical care within 72 hours
of a spontaneous supratentorial hemorrhagic stroke (with no underlying vessel
malformation). The choice of surgical technique was left up to the neurosurgeon, most of whom opted for craniotomy (77%). No difference was observed
between surgery and medical treatment of supratentorial hemorrhagic stroke (all
localisations) in terms of either mortality or dependence after six months [6].
Similarly, the STICH II Study (n = 597 patients who developed a lobar haematoma in the preceding 12 hours) did not show any difference in morbidity
or mortality between care including surgery and care without it. A study is
currently under way to investigate a minimally invasive surgical technique to
drain the hematoma and an evaluation of decompressive hemicraniotomy after
a supratentorial hemorrhage is being prepared [7].
–– Antihypertensive treatment
A number of uncontrolled studies have pointed to a correlation between
blood pressure and neurological deterioration in Stroke Unit patients after a
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spontaneous intracerebral hemorrhage. In the randomised, pilot INTERACT
(Intensive Blood Pressure Reduction in Acute Hemorrhagic stroke Trial) pilot
study on 404 patients given antihypertensive treatment within 6 hours of the
onset of the symptoms of hemorrhagic stroke (target systolic blood pressure
<140 mmHg), hematoma volume grew less than in the control group [8].
Finally, the randomised, international INTERACT 2 trial involving 2,839 patients showed a strong trend to improvement in morbidity and mortality (Odds
Ratio 0.87; 95% CI: 0.75–1.01; p = 0.006) in patients treated to lower systolic
blood pressure straight away (target <140 mmHg in less than 60 minutes) and
significant improvement in neurological outcome as measured on the Rankin
scale after three months (Odds Ratio 0.87; 95% CI: 0.77–1.00; p = 0.04) [9].
While we are still waiting for the results of another randomised trial, current
guidelines for acute Hemorrhagic stroke recommend immediately administering
antihypertensive drugs to bring systolic blood pressure down below 140 mmHg
in less than 40 minutes [10].
Practical implications
–– It is worth bearing in mind that any hemorrhagic stroke has an underlying
structural cause that needs to be identified in an appropriate investigation. Risk
factors may predispose to or affect certain causes but it is important not to mix
up causes and risk factors. Therefore, ideas like “primary” and “hypertensive”
hemorrhage ought to be avoided.
–– The purpose of the diagnostic work-up is to determine the aetiology of the
bleeding and plan targeted therapy. The spot sign may be predictive of haematoma expansion.
–– Neither local haemostasis nor surgical drainage have been shown to be effective.
–– In contrast, it is now clear that antihypertensive treatment in the acute phase
improves morbidity and mortality. This should be intense (IV administration of
a bolus dose followed by continuous infusion) to bring systolic blood pressure
down below 140 mmHg within one hour. Throughout administration, blood
pressure should be closely monitored (with blood pressure measured every
15 minutes during the first hour). All members of the care-providing team
should be familiar with the therapeutic protocol. As with thrombolysis, time
is key, and delays between imaging and the introduction of antihypertensive
treatment should be minimised. In this situation, team spirit is crucial.
–– This treatment should be administered in a dedicated Stroke Unit and blood
pressure should be kept under control on a sustained basis: for the first 24 hours
(acute phase benefits <24 hours) and then the next few days (post-acute phase
benefit <7 days) and finally throughout the patient’s life (long-term benefit: on
stroke prevention).
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–– The AHA/ASA is in the process of updating its guidelines. European guidelines
(ESO) were published in 2014 [11]. A French committee (SFNV) recently
convened with a view to issuing recommendations.
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A scanner in the ambulance?
Prehospital thrombolysis
and further opportunities
Martin Ebinger (Berlin)

Introduction
Stroke is a leading cause of death and disability worldwide [1]. Thrombolysis with
intravenous tissue plasminogen activator (tPA) is a widely available, evidence-based
and licensed treatment that reduces the risk of permanent disability after ischaemic
stroke [2, 3]. However, the effects of thrombolysis are time-dependent [4]. With
every minute’s treatment delay, chances of a good outcome become less likely [5‑7].
Therefore, tPA should be administered as early as possible after symptom onset.
Ideally, treatment is started straight away at the first encounter with the patient, i.e.
when the ambulance arrives to pick up the patient for hospital admission. Since clinical features cannot be used in order to distinguish reliably between ischaemic and
haemorrhagic stroke, a computed tomography (CT) scan is required prior to treatment
[8]. Furthermore, tPA treatment is associated with the feared risk of symptomatic
intracerebral haemorrhage (sICH). This requires clinical expertise when choosing
this treatment option. A neurologist experienced in acute stroke treatment, able to
deal adequately with possibly occurring complications and trained in emergency
medicine combines all the necessary expertise in a prehospital setting. In 2012, Silke
Walter, MD, and her colleagues from Homburg, Saarland, Germany, were the first to
report tPA treatments using a so-called mobile stroke unit, an ambulance equipped
with a CT scanner and a point-of-care laboratory. These pioneers from Prof. Klaus
Fassbender’s group demonstrated excellent time savings compared to regular care [9].
Prehospital thrombolysis
Prehospital thrombolysis in a specialized stroke ambulance is feasible, safe and
reduces time from alarm to treatment. This was recently shown in a prospective
study, called PHANTOM-S [10]. In this study, which was designed and supervised
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by Prof. Heinrich Audebert from the Charité, Germany, weeks were randomized in
blocks to either STEMO availability or regular care. STEMO is the stroke emergency
mobile (Figure 1), an ambulance equipped with CT, point-of-care laboratory and
telemedicine connection. It was staffed with a specialized team. The team consisted
of an emergency trained neurologist, a radiology technician and a paramedic. By
means of UMTS, STEMO is connected to a neuroradiologist on call. At the Berlin
dispatch centre, run by the Berlin Fire Department, a previously developed and
validated algorithm for stroke recognition was used during emergency calls [11]. If
the dispatcher suspected a stroke within 4 hours of symptom onset or of unknown
symptom onset, the stroke alarm was activated. This led to the deployment of
STEMO during STEMO weeks and to the deployment of a regular ambulance during control weeks. Since there was only one STEMO within the predefined Berlin
catchment area (including roughly 1 million inhabitants) and simultaneous stroke
alarms occurred, STEMO could not be deployed for all strokes during STEMO
weeks (n=3,213 with documentation during 46 weeks). As a matter of fact, 44% of
all cases could not be treated by the STEMO team during STEMO weeks. During
control weeks, there were 2969 stroke alarms with available documentation. For the

Figure 1. The stroke emergency mobile (STEMO) in front of the Brandenburg Gate in Berlin,
Germany (by sbdsgn.de; courtesy of MEYTEC GmbH, Werneuchen, Germany).
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primary end-point of the study, i.e. alarm to treatment times, a 25 minute time reduction was observed (STEMO deployment: 51.8, 95% CI: 49.0–54.6 min vs. control
weeks: 76.3, 95% CI: 73.2–79.3 min). In adjusted analyses STEMO deployment
did not entail an increased risk of secondary intracerebral haemorrhage (OR 0.42,
95% CI: 0.18–1.03), or mortality (within 7 days: 0.76, 95% CI: 0.31–1.82; within
90 days: 1.02, 95% CI: 0.58–1.82). The PHANTOM-S study was not powered to
detect effects on functional outcome [12].
In a subsequently published sub-study, the effects of thrombolysis within the first
60 minutes of symptom onset were assessed. The so-called golden hour thrombolysis
occurred about 10 times more often after STEMO deployment compared to regular
care (10.1% vs. 1.1% of all ischaemic strokes, p<0.01; Figure 2). Among the patients
receiving tPA, there was still a 6-fold increase in the proportion of golden hour
thrombolysis after STEMO deployment compared to regular care (31% vs 4.9%;
p<0.01). Comparing all patients who received golden hour thrombolysis to patients
treated in later time windows there was no statistically significant difference in terms
of secondary intracerebral haemorrhage, or mortality within 7 or 90 days. However,
analyses adjusted for age, sex, atrial fibrillation and NIHSS, revealed an OR of 1.93
(95% CI: 1.09–3.41) for discharge to home after STEMO deployment [13]. While
this is only the result of an exploratory analysis using a surrogate outcome parameter
(discharge home) it fits well into the well-established association between earlier
treatment and better outcomes [4, 5, 7]. Future studies powered for functional outcome differences between groups are necessary in order to demonstrate the effects of
prehospital thrombolysis within and outside the golden hour on functional outcome.
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Figure 2. Proportion of patients with ischaemic stroke receiving thrombolysis in different time
intervals. Note the almost 10-fold difference between STEMO care and conventional care within the
first hour, the so-called golden hour [19].
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Triage
Triage is an important preclinical task ensuring that patients receive the optimal
treatment while at the same time resources are used wisely. Usually, patients are
admitted to the nearest hospital. Ideally, they get admitted to the nearest adequate
hospital. Adequate, in the case of an acute ischaemic stroke, is a hospital with a
Stroke Unit. In the case of haemorrhagic stroke, a hospital with a department of
neurosurgery may be desirable and, increasingly, patients with blockage of major
arteries are transferred to centres with the ability to perform mechanical recanalization after the start of iv tPA.
The STEMO concept enhances the recognition rate of stroke, facilitates admission
to the adequate hospital in a given patient and allows for the start of time-critical
treatment during transportation. For instance, patients with intracerebral bleeds on
oral anticoagulation can be reliably diagnosed in the prehospital setting and reversal
of anticoagulation can be started before hospital arrival. Aggressive blood pressure
lowering can be achieved during transportation. Results from the INTERACT2 trial
suggest that earlier treatment again provides the greatest benefit in haemorrhagic
stroke [14]. If CT-angiography aboard the STEMO reveals occlusion of large arteries
(e.g. ICA or M1) the patient can be brought to the next available catheter lab for
mechanical recanalization after initiation of tPA treatment. Matthias Wendt, MD,
one of the STEMO emergency trained neurologists, recently formally investigated
the effects of STEMO deployment on hospital admission. Comparing admissions
after STEMO deployment to admissions during regular care, he found significant
differences for admissions of patients with ischaemic strokes to hospitals with Stroke
Units and for admissions of patients with haemorrhagic strokes to hospitals with
neurosurgery departments in favour of STEMO deployment (Wendt et al., submitted).
A prehospital research platform
STEMO is more than a tool to speed up thrombolysis, to gain insights into the effects of golden hour thrombolysis or to improve patient triage. It is an ideal research
platform. Several neuroprotective agents have failed the acid test of clinical trials
so far. One of the reasons for this may be the delayed use of potentially therapeutic
agents compared to the successful application in animal studies. STEMO could
offer the opportunity of a very early encounter between acute stroke patients and
experts allowing the start of experimental agents. Although with a neutral outcome,
the FAST-Mag trial by Prof. Jeff Saver from UCLA gave an excellent example of
how a large scale prehospital neuroprotective trial can be performed [15, 16]. Using
ambulances equipped with CT scanners may increase the power of such studies by
selecting appropriate patients based on imaging criteria in the future. Apart from
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testing new drugs or interventions like early cooling, STEMO has already started
to shed light on some biomarkers that may or may not be useful to support the
diagnosis of stroke. For example, Michal Rozanski, another neurologist aboard the
Berlin STEMO, recently investigated the sensitivity and specificity of glial fibrillary
acidic protein (GFAP) to differentiate between ischaemic strokes and intracerebral
haemorrhage. While preliminary data suggested that sensitivity was rather low,
GFAP levels above 0.29 ng/ml were reliably indicative of haemorrhagic strokes
[17]. Copeptin, the N-terminal end of vasopressin, on the other hand, did not turn
out to be helpful when differentiating between ischaemic stroke and stroke mimics, vascular and non-vascular emergencies or later and earlier time windows after
stroke (Wendt, submitted).

Cost effectiveness
New developments always come at a certain price and it is more than justified to ask
what costs the prehospital thrombolysis concepts create. These costs then have to be
weighed against the expected and actual benefits achieved. Hitherto, cost effectiveness analyses of the STEMO concept had to rely on extrapolations. Nevertheless,
first t analyses have been performed and suggest a reasonable incremental cost
effectiveness ratio (ICER) for each quality adjusted life year (QALY) gained by
STEMO. These analyses were performed in cooperation with a Danish research
group from Odense and published recently by Dorte Gyrd-Hansen et al. [18]. Based
on the collection of all available receipts, the net annual cost of the STEMO concept
was €963,954. Using data from randomized placebo controlled trials of tPA, the
numbers needed to treat in order to prevent disability were used to calculate the
effect prehospital thrombolysis could have on functional outcome. According to this
approach, the higher frequency of thrombolysis and the higher proportion of patients
treated in early time windows could avoid 18 cases of disability per year. These
18 cases amount to 29.7 QALYs gained and this equates to an ICER of €32,456 per
QALY. Whether or not this is an acceptable price to pay is beyond the scope of
medical research and depends on the willingness of society to pay for the prevention
of disability. This political decision is also subject to the availability of competing
alternative countermeasures also requiring funding. In general, however, ICERs
ranging below US$50,000–100,000 (in the USA) or £30,000 (in the UK) seem acceptable in many western societies. Since the so far only cost-effectiveness analysis
of the prehospital thrombolysis concept is based on extrapolations (first, number of
avoided disabilities and, second, the equation of 1.77 QALY gain for every avoided
disability) future studies are necessary to create a robust ground for decision makers.
These studies may not only take into account the effects of prehospital thrombolysis
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but also treatments of other conditions such as blood pressure lowering in the case
of haemorrhagic stroke, as Prof. Marie-Germaine Bousser pointed out during the
Colloque de L’Institut Servier, AVC: nouveautés thérapeutiques, in Paris, France,
20 November 2014.
Conclusion
Prehospital thrombolysis in ambulances equipped with a CT scanner is feasible,
safe, reduces time from alarm to treatment, increases the number of thrombolysis,
and enhances the chances of golden hour thrombolysis. Imaging in the ambulance
allows for tailored admission to different hospitals and specific emergency treatment during transport. The STEMO is an attractive “front line” research platform
and from a societal point of view may be a wise investment. However, the field of
prehospital thrombolysis is still evolving and future studies are needed to prove benefit in terms of avoided disability and cost-effectiveness. Integration of prehospital
thrombolysis concepts into regular care requires accompanying research to answer
these questions and to identify the optimal use of specialized ambulances for stroke
treatment. Around the globe, researchers are preparing different projects in a variety
of settings. In Paris, France, for example, Guillaume Turc, MD, and Prof. Jean-Louis
Mas are applying for funding in order to start their prehospital thrombolysis project,
called ASPHALT (Acute stroke: prehospital vs. inhospital intravenous thrombolysis)—what a great acronym to pave the road for improved stroke treatment!
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Ruptured aneurysm: clips or coils?
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Introduction
In the past three decades, the field of endovascular treatment was largely expanded across the domain of neurovascular pathology [1]. The initial results of the
International Study Aneurysm Trial (ISAT) confirm the predominant role of endovascular coiling in treating ruptured intracranial (IC) aneurysms [2, 3]. As a result
of this, different societies across the world have established their position statements, favouring a concerted discussion between interventionists and neurosurgeons
in reaching a decision [4-8]. The last publication from ISAT [9], about the late risk
of recurrent subarachnoid haemorrhage (SAH), strengthens support for these new
strategies with a high level of proof. This shift in medical practice leads to serious
consequences for the vascular neurosurgeon but also for neurosurgery as whole.
A better understanding of the precise place of vascular neurosurgery in the field
of IC aneurysm treatment is crucial to develop strategies with regard to preserving
surgical expertise in our departments and to determining the course of scholarship.
The objective of this paper is to analyse the lessons and limits of ISAT in order to determine the place of microsurgical clipping in the treatment of cerebral aneurysms.
What are the lessons from the randomized studies?
The comparative treatment of ruptured IC aneurysms has been analysed in four
randomized studies [3, 9-11], ISAT being the predominant international study. The
objective of all studies was to determine the safer procedures between endovascular
coiling and microsurgical clipping.
Dependency and death after treatment
After a pilot phase, the ISAT cohort published for the first time in 2002 [2], between
May 1997 and April 2002, was composed of 2,143 patients in good clinical condition at admission (94% in WFNS grade 1-3) with small ruptured aneurysms of the
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anterior circulation (97.3%), randomly assigned to an endovascular group (n = 1,073)
and microsurgical group (n = 1,070). This trial, which recruited 2,500 patients to
achieve a statistical power of 90% at a 0.01% level of significance to detect a 25%
improvement in outcome at 1 year, was interrupted at a planned interim analysis.
The definitive results were a reduction of the relative risk of dependence or death at
1 year of 23.9% (p<0.001) and an absolute risk reduction of 7.4% after endovascular
treatment by comparison with microsurgical clipping. The case fatalities at 1 year
were 7% and 7.9% among patients allocated to endovascular and microsurgical
treatment. After a mean follow-up of 9 years of the ISAT cohort [9], the mortality
rate at 5 years was significantly reduced in the coiling cohort, and the proportion
of independent patients was similar in both arms. The last ISAT results addressing
long-term follow-up (alive at 10 years), published in 2014 [12], reported that the
probability of being alive with a good outcome (mRS 0–2) compared with death or
dependence was significantly better for the group assigned to endovascular treatment than those assigned to neurosurgical clipping.
More recently, the Barrow Ruptured Aneurysm Trial (BRAT) conducted by experts
in cerebrovascular neurosurgery compared 288 patients assigned to clip exclusion
with 233 patients assigned to coil embolization [11]. At 1 year, an absolute risk
reduction of 10.7% (p = 0.03) was observed after endovascular occlusion in comparison with microsurgical clipping. At 3 years, this absolute risk reduction became
5.8% with no significance.
The French vascular section of vascular neurosurgery included 41 patients older
than 70 years into a randomized study comparing the two procedures (submitted).
At 6 months, the outcome was not significantly different between the two arms
(p = 0.18), although the proportion of favourable outcomes was superior after endovascular coiling.
Recurrent subarachnoid haemorrhage
The primary objective of all treatment for ruptured aneurysms is to prevent a recurrent SAH, which has a known mortality rate of 57% in these patients [13].
The ISAT study gives an excellent insight into recurrent SAH, dividing its occurrence into three periods: before treatment, during the first year after treatment and
beyond [3, 9]. The relative risk of rebleeding from the target aneurysm during the
first year was 1.15 (95% CI: 0.75–1.75) after endovascular coiling in comparison
with neurosurgical clipping. This non-significant result took into account all recurrent SAHs before and after procedural exclusion.
In the course of the pre-procedural period, recurrent SAH occurred more frequently in the clipping arm (17 in the coiling arm vs. 28 in the clipping arm) with
a non-significant level (relative risk: 0.6, 95% CI: 0.33–1.1). As the baseline characteristics of both treatment groups were matched, the only significant difference
144

Ruptured aneurysm: clips or coils?

was the timing delay between randomization and aneurysm exclusion (1.1 days for
coiling vs. 1.7 days for clipping) [2]. This increasing rate of recurrence of SAH in
proportion to the exclusion time confirmed the major risk of rebleeding (reaching
≈2–4% per day) during the first 4 weeks after the initial SAH [14].
After the procedure, the rebleeding rate at 1 year was significantly increased in
the endovascular arm (χ2 Pearson test, p = 0.004) in comparison with the clipping
arm. This high rebleeding rate could be related to the proportion of incomplete occlusion after endovascular treatment, which occurred in 66% of patients instead of a
complete occlusion rate of 82% after neurosurgical treatment, despite only 49% of
control angiography within this arm.
Beyond 1 year the global ratio of recurrent SAH decreased. After a long-term followup in the ISAT series (minimum of 6 years and maximum of 14 years), 17 patients
experienced rebleeding in the endovascular arm compared with seven in the clipping
arm, giving an incidence, respectively, of 0.21% per year and 0.09% per year [9].
At 10 years of follow-up, the cumulative risk of rebleeding from the target aneurysm (initial ruptured aneurysm) was 0.0216 for the patients treated by endovascular
coiling and 0.0064 for those treated by neurosurgical clipping [12].
The BRAT study did not examined bleeding recurrence in the first year after aneurysm treatment, but no recurrence of SAH was documented in the second or third
year in either treatment group [11].
Others results from ISAT
Since 2005, the ISAT cohorts have reported secondary objectives such as the cognitive outcome, the elderly sub-group, the cost, and finally to extrapolate a global
strategy for both treatments in the patients.
The neuropsychological analysis concerned the N-ISAT sub-sample drawn from
ISAT enrolled in eight UK centres participating in this assessment protocol [15].
This sub-sample was representative of the main ISAT cohorts [16]. They confirmed
the common existence of cognitive impairment in 32.1% of patients with favourable
outcome (modified Rankin scale 0–2). Indeed, a reduction in the relative risk of
cognitive impairment at 1 year of 31% (p<0.005) and an absolute risk reduction of
12% were observed after endovascular treatment in comparison with microsurgical
clipping. Moreover, a greater number of cognitive domains were impaired in the
neurosurgical group than the endovascular group, predominantly in the following
domains: verbal memory, processing speed and executive skills. This study with
valid neuropsychological tests was the largest ever study with full cognitive assessment as opposed to the classic short screening used in randomized studies.
The sub-group analysis of patients older than 70 years suggested surprisingly that
there was less advantage for coiling than clipping [3]. This question is pertinent for
several reasons: the longer life expectancies account for a significant number of elderly
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patients admitted with SAH, the incidence of SAH increases with advanced age [17],
curative treatment was beneficial in this age class in comparison with conservative
treatment despite a major risk of poor outcomes [18]. In spite of this, the sub-group
was not pre-specified into the ISAT protocol, a sub-group of 278 randomly assigned
patients older than 65 years was the subject of a second secondary analysis [19].
No difference was observed in the functional independence rate between the endovascular arm (60.1%) and the neurosurgical arm (56.1%). Nevertheless, the elderly
patients with a middle cerebral artery (MCA) aneurysm who received neurosurgical
clipping had a significantly better functional independence at 1 year than the coiled
patients. For the other locations according to the χ2 test (anterior cerebral and anterior
communicating artery, p = 0.7; internal carotid artery (ICA) and posterior communicating artery, p = 0.06), no significant difference in functional independence
was found between the two arms. Moreover, the thrombo-embolic event rate, when
patients with parent artery occlusion, coil migration and thrombo-embolic problems
were added, was significantly increased after endovascular treatment (p = 0.01), but
a lower rate of epilepsy and pneumonia was observed. These results suggest that
neurosurgical clipping should be the favoured treatment for elderly patients with
ruptured aneurysm of the middle cerebral artery. However, these results may not be
considered as coming from a valid randomized study, because the sub-group was
not initially specified. For this reason, a French collaborative group developed a
randomized study (www.clinicaltrial.gouv) between endovascular and neurosurgical
treatment with regard to elderly patients (≥70 years) with ruptured aneurysms [20].
Regarding the cost of treatment, no significant difference at 12 months was found
between both arms in Australia [21], Canada [22] or the UK [23]. These three countries, using the data from their patients enrolled in ISAT, reported the same observations: the coiled patients had higher costs related to medical expenses but this was
offset by the reduction in cost related to the length of stay for the first procedure.
Similar observations have already been reported from retrospective studies [24, 25].
Indeed, a change in paradigm from neurosurgical clipping to endovascular coiling
does not lead to a change in the cost of treatment.
In summary, ISAT is a well-executed and statistically powerful study. Its large
randomized population give some robust results to propose recommendations in the
management of certain ruptured aneurysms. These different publications confirm
the primary role of endovascular treatment in the management of ruptured cerebral
aneurysms. It appears evident that patients and relatives should be proposed an early
coiling in the first instance when the aneurysm sac is suitable for the two procedures.
In summary
During the past 20 years, randomized studies have confirmed endovascular coiling of
aneurysms as a reference procedure, because this treatment significantly decreased the
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risk of morbidity and mortality in comparison with microsurgical clipping. Moreover,
the risk of rebleeding from the target aneurysm at 10 years of follow-up remained low
and was not responsible for an increase in morbidity. The recommendation, by a multidisciplinary team composed of interventional neuroradiologists and neurosurgeons,
was to propose in the first instance endovascular coiling when the aneurysm sac is
suitable for both procedures [8]. The worldwide impact of ISAT on the management
of IC aneurysms explained the current predominance (47–81%) of endovascular coiling [26-29]. Consequently, the new generation of physicians in Europe and North
America were less familiar with the surgical management of these lesions.
Nonetheless, at 5 and 10 years of follow-up, no significant difference in the rate
of independent survivors was found between the endovascular group (82%) and the
neurosurgery group (81%). Despite the alarmist predictions of the disappearance of
clipping replaced by endovascular coiling for all IC aneurysms [30], in 2014 microsurgical exclusion remains a suitable treatment largely proposed worldwide [31],
and always considered as an element of the therapeutic arsenal against IC aneurysms
in order to propose the suitable procedure for each patient. The future management
of IC aneurysms requires the development of an educational programme.
Advances in microsurgical exclusion
Since the seminal neurosurgical work describing the fronto-temporal pterional flap
to approach the anterior part of the circle of Willis [32], the microsurgical procedure has included in its arsenal the concept of a minimally invasive approach and
intraoperative monitoring by indocyanine green (ICG) videoangiography. Moreover,
the procedures of brain revascularization must be involved in the management of
complex IC aneurysms as a protective and preventive technique against ischaemic
complications.
Minimally invasive craniotomy
Minimally invasive craniotomy is the response to the starkest contrast between femoral catheter access and craniotomy. The concept of keyhole craniotomy, described by
Pernansky et al. [33], is suitable for IC aneurysms. Several options for craniotomy,
minipterional, lateral supraorbital and orbito-pterional, have favoured the development of the supraorbital subfrontal approach [34]. The supraorbital approach is
sufficient to expose the AcomA, the ICA and the MCA aneurysms with little or no
retraction [35]. The challenge was to provide adequate exposure of IC aneurysms.
Obviously, this small craniotomy remains indicated in the absence of intracranial
hypertension. After a limited dissection of the sylvian fissure, helped by cotton, a
gentle exovascular surgery under optical magnification permits a sharp and blunt
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dissection of the aneurysm. Besides this superciliary approach, the pretemporal
transzygomatic transcavernous approach has been presented by Krisht et al. [36] for
50 patients with complex basilar aneurysms. Their results were impressive, valuing
microsurgical treatment, with no procedure-related mortality and 92% of patients at
a modified Rankin scale 0–2 at 6 months. The sac dissection requires a high technical
skill in order to adjunct several measures such as gyrus rectus resection, extended
craniotomy, interhemispheric dissection and control of aneurysm neck tear by the
cotton-clipping technique [37]. Concerning clipping techniques, the procedures have
evolved. A new design concept of clip, based on an inverted opening mechanism,
allowed a wider opening of the clip jaw and better surgical vision [38]. The use of a
fenestrated aneurysm clip can be safe in minimizing the retraction of microvascularization before clipping [39].
Intraoperative videoangiography
Intraoperative monitoring concerned the parent vessel but also the microcirculation.
Intraoperative digital subtraction angiography is the method of choice for intraoperative diagnoses of vessel patency or aneurysm occlusion, but to propose this
procedure to unselected patients is unrealistic. This procedure may not become the
standard procedure because of its expansive nature, time taken, the need for major
logistical support and the invasive character of the procedure with its risk of complications (0.4–2.6%) [40, 41]. For these reasons, microscope-based indocyanine green
videoangiography is becoming a routine intraoperative procedure. Indocyanine green
videoangiography provides information about the patency of the parent vessel and the
existence of aneurysm remnants. Raabe et al. [42] showed that the sensitivity of videoangiography was 100% and the specificity was 95% to diagnose stenosis of the parent
artery. Moreover, this procedure provides information about perforating arteries into
the operative fields and helps verify their patency [43]. Finally, this procedure was
used to verify the patency of extracranial-intracranial bypass [44]. This intraoperative
control procedure is easy to apply, taking on average less than 2 minutes of time, and
becomes a reliable assessment of the post-clipping result. The intraoperative microvascular Doppler is a reliable technique to analyse the velocity and turbulence of blood
flow during the clip application [45-47]. Not being time-consuming and the low cost
of Doppler flowmetry give to this procedure its efficiency and permits immediate clip
reapplication in less than 2 minutes. Using a laser speckle contrast analysis may immediately assess relative cortical blood flow [48, 49], and these evaluation procedures
are in development. Finally, the electrophysiology record in the territory of the middle
cerebral artery allows verification of cortical microperfusion and the absence of ischaemic consequences, and their efficiency appears essentially in temporary clipping
[50, 51]. All these intraoperative procedures should be considered as complementary
rather than competitive [52].
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Brain revascularization procedures
These procedures are to evolve into a conceptual protection against ischaemia during
the management of complex IC aneurysms. Bypass surgery has evolved since the
extracranial-to-intracranial (EC-IC) bypass to intracranial-to-intracranial (IC-IC).
From the superficial temporal artery-middle cerebral artery bypass [32], a second
generation of bypass was developed using venous or arterial interposition grafts in
response to flow limitations. A third generation of bypass is entirely intracranial,
using other intracranial arteries without contribution from extracranial donor arteries. The procedure of cerebral revascularization currently developed for the giant
aneurysm or cranial base tumours used the ELANA technique in order to avoid
temporary clamping [53-57].
Current indication for clipping
The indication for clipping must be envisaged in a collaborative neurovascular
team that offers a balance of competence in the endovascular and microsurgical
procedures. For each patient, treatment should be discussed in order to propose the
optimal treatment directed to each aneurysm, but the results of ISAT and the current
habit in Europe has favoured endovascular coiling when the two procedures seem
equivalent in terms of efficiency. Within these conditions, microsurgical clipping is
reserved for intracranial hypertension related to aneurysmal intraparenchymatous
haematoma, complex aneurysms, dysplasia of arterial bifurcations, coiled aneurysms with recanalization and large and giant aneurysms.
Nevertheless, the combination of morphological criteria and patient characteristics
may help in decision-making. Morphological criteria concerned the vascular approach and the aneurysm features. The vascular approach may be made problematic
by atherosclerosis or kinking vessels providing difficult access up to the aneurysm
sac. The aneurysm characteristics may favour the endovascular or microsurgical
approach according to the neck size, or the projection against the microvascular
background [58]. The patient characteristics are also determined by age and comorbidity. Intuitively, endovascular coiling would be expected to preserve cognitive
functions in the arterial parent segment with perforating arteries such as the anterior
communicating artery or basilar artery. The middle cerebral artery aneurysm, which
is broad based, might be more suitable for clipping. Moreover, patients younger than
40 years of age should still be managed by craniotomy and clipping.
The preservation of the excellence and development of these complex strategies
impose a significant effort in training medical and paramedical personnel. The
cerebrovascular section of major neurosurgery societies must valorise several educational approaches such as simulation, sharing expertise, international educational
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networks, and elaboration of a common educational programme with our neuroradiologist interventional colleagues.
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Treat cerebral venous thrombosis
Isabelle Crassard (Paris)
Cerebral venous thrombosis has been considered for a long time as a rare disease,
often secondary to infection with a poor prognosis. It was very difficult to diagnose,
diagnosis often only being made at autopsy. However, this perception has changed
a great deal in recent years with new neuroradiological techniques coupled with
improved treatment.
Little reminder about cerebral venous thrombosis
Epidemiological data
Cerebral venous thrombosis can strike at any age from birth to old age with a mean
age of 39 observed in the large studies. Its sex ratio is two to three women for every
man, with a peak in incidence among young women because of specific risk factors,
namely oestrogen-progestin birth control and pregnancy.
In the Netherlands, its incidence was recently estimated at 1.32 per 100,000 person-years, a rate similar to that of bacterial meningitis [1] and more common than
suggested by the classic data. Further evidence comes from the large studies recently
conducted by Lariboisière Hospital (450 patients included) and the large-scale
International Study on Cerebral Vein and Dural Sinus Thrombosis (ISCVT), which
covered 624 cases at 89 centres in 21 countries. Its frequency probably remains
under-estimated, especially when it occurs without a stroke.
Thrombosis
Localisation and extent of involvement
Some of the features of cerebral venous thrombosis are distinct from those of
arterial disease. Its localisation and the area affected are highly variable. In the
ISCVT (n = 624) and the Lariboisière studies (n = 450), the lateral sinuses were
involved in 73% of cases and the superior sagittal sinus in 62–65%. Less frequently,
it involved the cortical veins (17–21%), the deep venous system (7–11%) or the
cavernous sinus (2%).
In more than half of all cases, more than one sinus and/or vein is thrombosed.
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Because they have such thin walls, thrombosed cortical veins can become dilated
and this often leads to reverse flow and development of a collateral circulatory
pathway.
Causes and risk factors
Cerebral venous thrombosis can occur in a number of pathologies. The Lariboisière
Study identified local causes (trauma, malformed vessels, tumours, etc. [9%]),
infection (in neighbouring tissue or general infections like septicaemia or meningitis [6.5%]), systemic causes (systemic lupus erythematosus, Behcet’s disease,
congenital thrombophilia, clotting disorders, cancer, haematological disorders, drug
reactions, etc. [42%]) and gynaeco-obstetric causes (pregnancy, post-partum, oral
contraceptives [22.5%]).
More than one cause or risk factor may be present so a full investigation is
warranted. Even so, in 15–20% of cases, no risk factor is ever identified.
Polymorphism
Cerebral venous thrombosis is characterised by polymorphism in terms of both
clinical picture and outcome. In contrast to arterial infarction, the mode of installation is often variable and it can take a number of days. Onset is often marked by
headache (observed in 90% of cases), possibly associated with papillary oedema if
there is intracranial hypertension. Various clinical pictures are seen: focal syndrome
in 50–80% of cases, isolated intracranial hypertension in 10–40% and sub-acute
encephalopathy in 10–20%. Involvement of the cavernous sinus will give rise to
local neuro-ophthalmological signs.
Some 15–20% of cases of cerebral venous thrombosis present atypically, e.g. as
transient neurological signs or isolated headache.
Diagnosis
Because the aetiology and clinical picture are so varied in cerebral venous thrombosis (which can present as a combination of headache, focal deficit, epileptic seizures
and impaired consciousness), diagnosis depends on neuroradiological techniques,
in particular cerebral magnetic resonance imaging (MRI) and magnetic resonance
angiography (MRA). Cerebral MRI shows changes in the signal from the t hrombosed
sinus, which is not seen on the corresponding MRA image (Figure 1).
Parenchymatous lesions (diffuse or localised oedema, haemorrhagic lesions of
varying size) are found in 40–50% of cases. These are usually aspecific and are
rarely pathognomic so imaging of the parenchyma is mainly of use when it comes
to differential diagnosis. However, lesions such as bithalamic involvement with
thrombosis of the deep venous system and small juxtacortical haemorrhages (often
bilateral) are highly suggestive of cerebral venous thrombosis.
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Prognosis at six months
In the Lariboisière and ISCVT studies, full remission was observed at six months
in 75% and 46% of cases, respectively, minor sequelae in 16% and 40%, severe
sequelae in 6% and 7%, and death occurred in 3% and 7%.

Figure 1. Thrombosis of the superior sagittal sinus.
Hypersignal from the thrombus in T1 (A) and T2 (B); hyposignal in T2* (C); sinus not seen in
MRA (D).
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Function is conserved in most patients and death is far rarer than previously believed.
The most common reason for death is a problem secondary to either significant brain
damage (e.g. transtorial herniation), a status epilepticus, a pulmonary embolism or
the underlying pathology (cancer, haematological disorder or severe infection).
How the acute phase evolves is variable and unpredictable. One-quarter of
the ISCVT patients deteriorated in the acute phase. It is important to diagnose cerebral venous thrombosis so that treatment can be started as soon
as possible.
Treatment of cerebral venous thrombosis
Guidelines were published in Europe in 2010 and in North America in 2011 [2, 3].
Treatment relies on three strategies: antithrombotic heparin, managing symptoms
(headache, intracranial hypertension and epilepsy) and treatment of the underlying
condition (infection, systemic disease).
Antithrombotic treatment
Heparin
For a long time, the place of heparin in the treatment of cerebral venous thrombosis
was controversial because of fear of the existence of haemorrhagic forms. Since
then, prospective and retrospective studies as well as two randomised studies have
clearly established that patients benefit from heparin.
The randomised, controlled, double-blind Einhäupl Study published in 1991
assessed anticoagulation with intravenous heparin in the treatment of aseptic cerebral
venous thrombosis in 20 patients (10 heparin, 10 placebo). The study was stopped
early because, by three months, eight of the heparin patients had fully recovered
and the other two showed mild, residual neurological deficit whereas, in the placebo
group, only one patient had fully recovered, six had neurological deficit and three
were dead (p<0.01). An additional retrospective study was conducted in patients
with cerebral venous thrombosis associated with intracranial haemorrhage: 15% of
patients treated with heparin died compared with 69% in the control group [4].
Another multicentric, placebo-controlled, double-blind study was published in 1999
by the Cerebral Venous Sinus Thrombosis Study Group. This included 59 patients
who were given either low molecular weight heparin (LMWH) or placebo for three
weeks. The course of LMWH was followed by oral anticoagulants for three months.
Twenty-four per cent of patients in the LMWH group had a negative outcome
as defined by death or a Barthel Index of below 15 (risk differential: –4%; 95%
CI: –25–17%; NS). After 12 weeks, 13% of patients in the LMWH group and 21%
in the placebo group had a negative outcome as defined by death or an Oxford
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Handicap Score of 3 or above (risk differential: –7%; 95% CI; –26–12%; NS). No
new symptomatic cerebral haemorrhages were detected [5].
A meta-analysis of studies of heparin in cerebral venous thrombosis shows a
14% decrease in the risk of death (95% CI: –6–36%) and a 16% decrease in the risk
of death or handicap (95% CI: –6–37%).
In consequence, the guidelines propose administering heparin to patients with
cerebral venous thrombosis, either unfractionated heparin or LMWH [2, 3].
Comparison of unfractionated heparin and LMWH
A small randomised study compared LMWH (n = 34) and unfractionated heparin
(UFH, n = 32) in the treatment of cerebral venous thrombosis. Mortality was
19% in the UFH group compared with zero in the LMWH group. More patients in
the LMWH group had recovered by three months (88% vs 62.5%) and the incidence
of severe bleeding was 9.5% in the UFH group compared with zero in the LMWH
group [6].
Despite weaknesses, the results of this study seem to indicate that LMWH may be
more effective.
In the ISCVT study, 302 patients were treated with UFH and 119 on LMWH.
Recovery was better in patients on LMWH and both mortality and the incidence of
new intracranial haemorrhage were higher in the UFH group (Table 1) [7].
Therefore, the available data seem to encourage prescribing LMWH as long as
there is no significant contraindication (kidney failure or imminent surgery).

Table 1. Comparison of UFH and LMWH in the treatment of cerebral venous thrombosis, data from
the ISCVT [7]
UFH
(n = 302)

LMWH
(n = 119)

OR

Recovery
(mRS to 2) at 6 months

84%

92%

2.4
(95% CI: 1.0–5.7) p = 0.04

Complete recovery
(mRS 0–1)

78%

78%

0.94
(95% CI: 0.55–1.9) p = 0.94

Deaths

8%

6%

0.81
(95% CI: 0.29–2.3) p = 0.70

New
IC haemorrhage

16%

10%

0.29
(95% CI: 0.07–1.3) p = 0.10

LMWH: low molecular weight heparin; UFH: unfractionated heparin; IC: intracranial; OR: odds ratio.
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Vitamin K antagonists and new oral anticoagulants to follow up heparin
As soon as the clinical situation has stabilised, the patient is switched from heparin to
a vitamin K antagonist (VKA). The length of this course of treatment will depend on
the underlying cause: in the absence of any factor indicating long-term anticoagulant
treatment, it is 6–12 months.
The place of the new oral anticoagulants is still undefined and the literature is limited to reports on odd cases: two patients treated with dabigatran [8] and a comparison
of 7 patients treated with rivaroxaban versus 9 patients treated with a VKA [9]. All of
these patients improved but there is as yet not enough data to draw a solid conclusion.
Symptomatic treatments
Headache
Headache can be severe in cerebral venous thrombosis but it usually gets better
within a matter of days of starting heparin. Simple analgesics are usually adequate
and morphine derivatives are rarely needed.
For the special case of isolated intracranial hypertension, cerebrospinal fluid is
drained by lumbar puncture before the h eparin: this is associated with the prescription of acetazolamide and usually improves the headache and helps control visual
function.
Epileptic seizures
Antiepileptic treatment is always administered in a patient with epileptic seizures.
Which drug is used should take into account interactions with the VKA. The
consensus position is to stop treatment after one year as long as there have been no
new seizures and EEG results are normal.
Aetiological treatment
Whenever possible, the aetiological treatment should be adapted to the underlying
condition. This is particularly important for septic forms that should be treated with
effective antibiotics matching the entry point, and sometimes surgery. Similarly,
specific treatment may be indicated for certain intercurrent systemic diseases, such
as cancer and haematological disorders.
Treating severe forms
The type of care described above suffices in 90% of cases but treating the 10% of
patients with the severest forms is far more difficult.
Severity may be due to the aetiology, e.g. a serious haematological disorder or
severe anaemia due to chronic bleeding.
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Cerebral venous thrombosis can also present as a serious neurological problem from
the outset or deteriorate secondarily to status epilepticus or pulmonary embolism.
Surgery
Surgery can be considered in patients in the acute phase who are at risk of cerebral
herniation, either because of major damage to the cerebral parenchyma or malignant
cerebral oedema.
Surgical decompression was investigated in a retrospective study of 12 patients.
Malignant forms of cerebral venous thrombosis were defined as: 1) presence
of supratentorial cortical lesions; 2) evidence of clinical involvement (impaired
consciousness, dilatation of the pupils) or radiological signs; 3) from the outset or
after deterioration despite heparin treatment.
With malignant deterioration, all the patients bar one developed haemorrhagic lesions; median deviation of the septum pellucidum was 12 millimetres, five patients
(three of whom had been operated on) developed mydriasis on one side and four
(two operated) on both sides. Eight patients underwent surgical decompression, either external (n = 4), external + internal (n = 3) or internal (n = 1). The four patients
who were not operated on died within five days of diagnosis. One operated patient
died of a pulmonary embolism but the other seven recovered well within a median
time of 23.1 months [10].
In a study of 69 patients (including 31 case histories from the literature), decompressive hemicraniectomy was carried out in 45 of them, drainage of the h aematoma
in 7 and both procedures in 17. At the last follow-up (median = 12 months),
37% scored 0–1 on the modified Rankin Scale (mRS) with 56.5% scoring 0–2—a
very good functional outcome given the patients’ clinical condition at baseline. On
this date, 5.8% of the patients were alive with a score of 4–5, and 15.9% had died.
Three of the 9 patients with both pupils fixed recovered fully [11].
Thus, surgical decompression seems to save lives and affords good functional
outcomes in malignant cerebral venous thrombosis.
Endovascular thrombolysis
Fibrinolytics have been in use since 1971. A meta-analysis published in 2003 covered
72 studies (including no controlled trials) and a total of 169 patients. The patients
had been treated with urokinase (n = 127) or tissue plasminogen activator (rt-PA,
n = 37). Thrombectomy was also performed in 16 patients. The patients were all
in a serious clinical condition (coma: 28%, encephalopathy: 52%, focal syndrome:
7%, intracranial hypertension: 13%). Thirty-three per cent had bleeding on the initial
imaging and there was deep venous system involvement in 31%. Only 6% of the
patients died and good clinical recovery was documented in 58% [12].
160

Treat cerebral venous thrombosis

A new meta-analysis published in 2010 covered 15 retrospective and prospective studies (each on 5–20 patients) with a total of 156 patients, 30% of whom
had bleeding on the initial imaging. Of these, 71% were administered urokinase
and 29% were administered rt-PA. The authors paid special attention to complications of the treatment: severe bleeding (9.8%), new symptomatic intracranial
haemorrhaging (7.6%) and death (9.2%, half of which cases were related to new
bleeding) [13].
The place of this modality therefore remains to be established and it remains
reserved for patients in a coma or whose condition deteriorates despite best medical
treatment. A randomised study, the TO-ACT Study, is currently under way and the
results should come out in 2018 [14].
Conclusion
Cerebral venous thrombosis is a rare disease but its prognosis is far better than that
of an arterial infarct. It can be caused by a variety of problems and its clinical picture
is relatively non-specific. This diagnosis should be frequently considered. Treatment
should be started as soon as the condition has been confirmed by imaging. Basic
treatment is heparin (even when there is bleeding) combined with drugs to manage
symptoms and, if possible, treatment of the underlying condition. More aggressive
modalities such as decompression surgery may be considered in a patient with malignant oedema. Endovascular thrombolysis may be considered although its place in
treatment remains to be established.
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What’s new in post-stroke rehabilitation?
Philippe Marque (Toulouse)
This presentation mostly concerns the motor aspects of post-stroke rehabilitation,
and specifically the hemiplegia, which is the most common feature in this situation.
EFFICACY OF REHABILITATION FOLLOWING A STROKE
A recent meta-analysis [1] has compiled the randomised controlled trials on motor
rehabilitation post-stroke. The studies selected included a total of 25,373 patients.
Firstly, this meta-analysis showed that the quality of trials has improved over time,
with a median PEDro score (an 11 item scale used to assess the internal validity of
the trial), which has increased from 4 before 2004 to 6 for trials published after that
date.
Secondly, it appears that no adverse effects associated with motor rehabilitation
post-stroke have been reported and that we have solid evidence that it is effective in
recovering walking, hand and forearm motor function and independence (activities
of daily living). Similar results have been consistently found in all of the metaanalyses over more than 2 decades [2].
Factors involved in efficacy that are consistently found are early institution of
motor rehabilitation, together with its intensity and a multi-disciplinary approach.
The utility of motor rehabilitation in the first week post-stroke, however, remains
contentious, because of the existence of a vasogenic oedema. A PRHC (hospital
clinical research programme) assessing the merits of physical exercise in the initial
hours following the stroke is currently ongoing.
The optimal intensity of motor rehabilitation has not been entirely established,
although published findings show that daily exercise is preferable to exercise three
times per week, that 3 hours of exercise per day are preferable to thirty minutes per
day, although at the same time, the 3 hours per day are more effective than 6 hours
of daily management [1, 3]. The intensity of care is therefore an essential component
of the effectiveness of rehabilitation, although a ceiling effect is seen as excessively
long rehabilitation times or excessive intensity may have a counter-productive effect.
Finally, these large meta-analyses have emphasised the team effect. Multidisciplinary care is needed in order to approach all aspects of motor rehabilitation,
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and involve a coordinated approach by physiotherapists, ergotherapists, orthopho
nists, neurologists and physical medicine and rehabilitation physicians [4].
WHAT IS THE RIGHT POST-STROKE TECHNIQUE?
Conventional motor rehabilitation techniques
Before 2000, motor rehabilitation was based on several empirical techniques
(Bobath, Brunnstrom, Perfetti, etc.), which involve very different and occasionally
opposing concepts. The Bobath and Brunnstrom techniques are developed from
radically different approaches. Physical exercise and therefore muscle strengthening
are prohibited in the Bobath technique, as these are assumed to increase the spastici
ty. Reflex reactions are inhibited and considered to be archaïc. Conversely, reflex
reactions are used and reinforced in the Brunnstrom technique, as these are seen as
the elementary motility in this method. The increased spasticity that may result from
this is considered to be transient and not to have adverse consequences on motility.
Eleven trials have compared these different methods, although none has emerged as
being superior to the other [3, 5].
Similarly, muscle strengthening, which is penalised with the Bobath technique,
has been shown to be effective in hemiplegic patients with a gain in strength and
functional benefits [6-8]. At the same time, it has been shown to be well tolerated
and not to worsen patients’ spasticity, which may increase temporarily with fatigue
during exercise, although this increase does not persist in the long term [9, 10].
As a result, while there is a consensus from the clinical meta-analyses about the
positive effect of motor rehabilitation after stroke, the different results show that the
type of exercise or re-education technique used to obtain this effect are still largely
unknown.
Animal models
Enriched environment model in the rat
The enriched environment model involves rearing animals in a group in spacious
cages with various objects to stimulate their curiosity and manipulation, etc. This
environment in which the animals can interact socially promotes exploration and a
large range of experiences and helps to increase spontaneous physical activity. Any
dispensing device requiring the animal’s paw be used in order to grasp a feed pellet
can be used to strengthen the use of a paretic anterior limb (see Figure 1).
Rehabilitation in such an environment after a local ischaemic injury has been
shown to promote the improvement in anterior limb muscle function and is associated anatomically with greater synaptic budding of neurones than is seen in animals
that are housed in individual cages [11].
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Figure 1. Example of the enriched environment. Reproduced from Murphy and Corbett [12].

Constraint-induced therapy
Intracortical micro stimulation mapping techniques have been used to produce detailed maps of the cortical representation of the hand and upper limb in the monkey.
Nudo and colleagues found that after electrocoagulation-induced stroke of the hand
motor area, areas representing the hand and wrist developed in the healthy cortex
adjacent to the injury. If the paretic limb was not used, the surface area of these
regions reduced gradually over time. Conversely, in the case of rehabilitation with
constraint of the healthy hand, requiring the animal to use its deficient hand was
accompanied by an increase in the surface area of the hand and wrist regions and
better clinical recovery (see Figure 2).
Recovery of functions following a stroke is therefore accompanied by cerebral
plasticity mechanisms such as reorganisation of the sensory motor maps, which are
dependent on use through a competitive mechanism: if not used, these new areas
representing the hand are taken over by representations of the shoulder and elbow
[13-15].
Applications in humans
Animal findings are consistent with the results of work carried out in humans, which
show the existence of competitive cortical representation effects. In an arm amputee,
for example, the area in the side in which the afferent hand signal has been removed
is gradually invaded by representations of the shoulder [16]. These competitive
cortical representation effects develop very rapidly. Motor Evoked Potentials (MEP)
in the forearm muscles of normal people before, during and after blockade through
ischaemia produced by a forearm and hand tourniquet have been recorded in order
to study the chronology of the changes. Deltoid muscle MEP amplitudes increased
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Figure 2. Change in cortical representation areas for the fingers, hand and wrist in constraint therapy.
Reproduced from Nudo and colleagues [13, 14].

rapidly as the ischaemia was produced and then returned to their previous levels
when the tourniquet was removed. The increase in magnitude of the deltoid MEP
was inversely proportional to the reduction in the amplitude of the abductor pollicis
produced by the tourniquet-induced ischaemia. During the same time period the
MEPs for the contralateral arm were not changed [17].
Since these studies were performed, constraint-induced therapy has been widely
used in post-stroke rehabilitation and the method has been validated on large numbers of patients. The cohort of Taub et al., which was randomly assigned against a
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placebo, included several hundreds of patients and showed greater use of the paretic
upper limb in activities of daily living in the treatment group [18]. In parallel, and
mimicking animal studies, the effects of treatment can be demonstrated using transcranial magnetic stimulation (TMS) mapping techniques [19].
Other techniques
Electromyogram biofeedback
Electromyogram biofeedback is a technique using electrodes positioned on the
patient’s muscles to generate a feedback signal (visual or auditory) in a response to
activation of the muscle. It has been well validated and has a demonstrable impact
on recovery after a stroke [1].
Rehabilitation robots
The major limitation of constraint-induced therapy is that it can only be used in
patients who have good quality, preserved residual motor function, i.e. one that
includes the thumb–index finger pinch. Tools that mobilise the paralysed limb are
required in other patients. Rehabilitation robots have therefore gained an increasingly large place in the rehabilitation literature over the past 15 years (see Figures 3
and 4).
For the upper limbs, the meta-analyses show improvement in motor deficit and
motor function in activities of daily living [20].
The utility of re-education robots in recovery of gait, however, remains controversial and the results of meta-analyses are inconsistent. The most recent publications
show that re-education robots have little benefit in patients who have preserved
residual walking ability, although significant benefit is achieved in patients who have
been totally deprived of their walking ability and are treated early [21].
THE CRITICAL PERIOD
There are critical periods for learning in new-born infants (reading, language, pra
xia), beyond which these are far more difficult. These findings can be extrapolated
to patients who have suffered a stroke.
We have shown in a clinical study using an experimental paradigm with TMS to
assess cerebral plasticity in hemiplegic patients that the brain has extensive plastic
capacity three months after the stroke, although this capacity has fallen greatly at
one year post-stroke [22].
A study in the rat has assessed the effectiveness of enriched rehabilitation started
on the fifth, 14th or 30th day after local ischaemia on functional results and neuromorphological changes. Administration of the treatment from day 5 produced better
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Figure 3. Re-education robot used in upper limb motor rehabilitation. [Médimex company, SainteFoy-lès-Lyon, France].

Figure 4. Re-education robot used in lower limb motor rehabilitation. [Médimex company, SainteFoy-lès-Lyon, France].
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results and the possibilities for recovery fell greatly beyond 15 days. These findings
suggest that post-stroke the brain has greater sensitivity to early rehabilitation therapy
but that this falls over time. This phenomenon is believed to involve mechanisms
that facilitate and inhibit cerebral plasticity, the facilitating mechanisms coming into
action far earlier than the inhibitory mechanisms [23].
Beyond this period, the results do not mean that no plasticity is possible but that
regulatory mechanisms for this effect come into play, resulting in these limitations
in adults.
WHAT WILL WE BE DOING IN THE FUTURE?
Cerebral stimulations
Repetitive transcranial magnetic stimulation (rTMS) can be distinguished from
transcranial direct current stimulation (tDCS).
Electrical stimulations are used in a recent approach for treating the brain-damaged
patient. Inter-hemispheric inhibition has been demonstrated not only at rest [24] but
also during movement [25]. Murase et al. [25] showed that the removal of interhemispheric inhibition seen in healthy people in the 20 ms before movement was
reduced or absent in hemiplegic patients. This type of result is consistent with some
functional image findings, which show increased activation of the motor cortex from
the healthy side and inactivation of the cortex on the injured side during the 15 days
after a sub-cortical vascular injury [26]. A hypothesis has been advanced to explain
these results, through which over-activation of the healthy hemisphere is the result of
the injury to the contralateral hemisphere and the reduced inter-hemispheric inhibition that occurs as a result of this. Following this, the overactive healthy hemisphere
would cause an increasing inhibition of the injured hemisphere and an increase in
the motor deficit. The concept of an appropriate plasticity has been proposed to
describe this upset in the intra-hemispheric balance.
If we accept this hypothesis, therapeutic interventions in hemiplegic patients either
through rehabilitation or cerebral stimulation must aim to stimulate the injured hemisphere and/or inhibit the healthy hemisphere in order to restore the inter-hemispheric
balance. Non-invasive cerebral stimulations are particularly suitable for this type of
programme.
rTMS involves emitting a series of impulses over a given period of time in order
to produce lasting change to the activity of the targeted region. The after effects
on MEP amplitude and therefore on the excitability of the cortex depend on the
frequency, duration and number of stimulations applied. Low-frequency rTMS
stimulations (1 Hz) have an inhibitory effect, whereas high-frequency stimulations
have a facilitating effect.
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tDCS involves applying a continuous low-intensity current through 2 polarised
electrodes: the positive electrode or anode and the negative electrode or cathode.
MEP assessment demonstrates an increase in cortical excitability beneath the anode
and reduced excitability beneath the cathode [27].
Hummel and colleagues carried out a double blind placebo-controlled crossover
study to test the hypothesis through which non-invasive stimulation of the motor
cortex could improve motor function in the paretic hand of stroke patients in the
chronic phase. Motor function in the hand was measured using the Jebsen Taylor
hand function test (JTT). The JTT in the paretic hand improved considerably with
tDCS but did not improve in the placebo group. This effect lasted beyond the stimulation period, was found in all patients and correlated with an increase in cortical
motor excitability in the affected hemisphere, seen as increased recruitment curves
and a reduction in the short-term intracortical inhibition [28].
Many studies using rTMS or tDCS have been carried out. Some of these have been
disappointing and have not shown the expected benefits. Many questions remain
to be answered such as the type of cortical neuromodulation that can be used (facilitating or inhibitory rTMS, transcranial magnetic stimulation, paired associative
stimulation, tDCS) and the means of using these.
Brain–machine interface and rehabilitation
So-called non-invasive brain–machine interfaces use an electroencephalogram
(EEG) in the treatment of patients with severe handicap. These devices record the
cerebral activity by a mental task and provide the patients with quantitative and
qualitative feedback about their cerebral activity, enabling them to learn to control
this with a view to running various technical aids.
The group working with Birbaumer, a pioneer in the brain–machine interface, has
carried out a double blind placebo-controlled trial to assess the benefit of daily training with the brain–machine interface compared to physiotherapy alone in patients
with severe paresis.
Thirty-two chronic patients with severe arm and hand weakness were included. The
patients were asked to activate an elbow or finger extension movement through their
imagination. Two patient groups were established: the intervention group in which
the increase in β and µ frequencies in the EEG activity triggered the functioning of a
robot enabling the chosen movement to be performed, and a sham group in which the
robot movements were independent of changes in EEG activity. Encouraging results
were obtained with an improvement in the Fugl–Meyer motor score for the upper
limb and lateralisation index on functional magnetic resonance imaging representing improved activation of the injured hemisphere [29].
The use of brain–machine interfaces in motor rehabilitation appears to be a promising approach.
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CONCLUSION
Post-stroke rehabilitation methods are changing profoundly, bringing into question
the conventional techniques used by physiotherapy teams. The current strap line is
‘use it or lose it’, and new tools are already available or will become available.
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Preventing cerebral infarction
Emmanuel Touzé (Caen)

 hen to prevent cerebral infarction
W
and how?
Seventy-five per cent of cerebrovascular accidents (CVA) are first events. Primary
prevention is therefore vital but secondary prevention too is as necessary given the
high rate of recurrence: about 3% within 30 days, 10% within a year, 25% within
5 years and 40% within 10 years [1].
Preventive measures have to match the cause of the cerebral infarct. Ischaemic
accidents (infarcts and transient ischaemic attacks [TIAs]) account for 85% of
CVAs. The main causes are atherosclerosis (20%), disease of the small arteries
(25%) and emboli from the heart (20%). Although management of these different
types of CVA has common features, specificities nevertheless have to be taken into
account.
Be it for primary or secondary prevention and whatever the cause of the event,
prevention depends on three issues: 1) managing vascular risk factors; 2) antiplatelet and anticoagulant drugs; 3) surgical and endovascular revascularisation
techniques.
Importance of risk factors
Epidemiological surveys have shown that just ten risk factors account for 90% of
cerebral infarcts, namely hypertension, current smoking, abdominal obesity, lack of
physical exercise, diabetes, alcohol consumption, psychological stress, depression,
heart disease (atrial fibrillation [AF], flutter, myocardial infarction, rheumatic valve
disease, heart valve replacement) and apo B/apo A1 ratio [2].
Traditionally, distinction has been made between modifiable and unmodifiable risk factors. The former are age, racial origin, genetic factors, gender (being
male) and low birth weight. The latter include hypertension (HT), heart disease,
diabetes, dyslipidaemia, carotid stenosis, smoking, abdominal obesity and lack of
exercise.
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Blood pressure
Hypertension is the main risk factor for CVA
Epidemiological surveys show that HT is the main risk factor for CVA. The risk
rises linearly with blood pressure (BP). A meta-analysis of 61 studies of the general
population covering over a million subjects showed that the risk of a first event doubles with every 20 mmHg increase in systolic BP (Figure 1); the same relationship
is observed with diastolic BP. This is true at all ages although no threshold has really
been determined [3].
The same relationship is also seen after a first CVA and again the risk of recurrence
rises with both systolic and diastolic BP [4].
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Figure 1. Blood pressure and risk of CVA [3].
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It has been clearly shown in clinical trials that decreasing BP reduces the risk
of a CVA with the greater the decrease in BP, the greater the reduction in CVA
risk [5].
Even a modest reduction in BP across a population as a result of systematic implementation of very simple measures (weight control, reducing salt intake, physical
exercise, a healthy diet [fruits, vegetables, potassium-rich foodstuffs], reducing
alcohol consumption) would have a huge positive impact. A simple reduction of
5 mmHg in systolic BP across the population as a whole would reduce the incidence
of CVA by 14%.
In secondary prevention too, it has been clearly shown that decreasing BP after a
CVA reduces the risk of recurrence [6, 7].
Target blood pressure in secondary prevention
In coronary heart disease, the relationship between BP and risk draws a J-shaped
curve with increased risk at very low BP as well as at high values. This relationship
does not seem to apply to CVAs and the old guidelines on secondary prevention
recommended lowering BP even in normotensive patients, i.e. below 140/90 mmHg.
Secondary analysis of data from the large-scale PROFESS therapeutic trial, which
covered 20,330 patients who had already had a CVA showed that the risk of recurrence was higher in patients with BP below 120 mmHg although no causal relationship could be established [8].
However, results from other studies on secondary prevention show benefit from
reducing BP in normotensive patients. The SPS3 Study on 3,020 patients with a
MRI-confirmed lacunar infarct evaluated two BP targets (130–139 mmHg and
<30 mmHg) in secondary prevention. The results showed an insignificant decrease
in the incidence of recurrent CVA in the <130 mmHg target group (HR: 0.81; 95%
Confidence Interval: 64–1.03; p = 0.08). On the other hand, the incidence of intracerebral bleeding was considerably reduced (HR: 0.37; 95% Confidence Interval:
0.15–0.95, p = 0.03). Thus, lowering BP to below 130 mmHg could be of benefit in
certain situations [9].
These results are corroborated by those of the ACCORD Study, which also focused
on two BP targets—below 120 mmHg and below 140 mmHg—in 4,733 patients
with type 2 diabetes. The respective annual incidences of CVA were 0.32% and
0.53% (HR: 0.59; 95% Confidence Interval: 0.39–0.89; p = 0.01) but annual death
rates (all causes) were, respectively, 1.28% and 1.19% (HR: 1.07; 95% Confidence
Interval: 0.85–1.35; p = 0.55) [10].
In consequence, the new American Heart Association/American Stroke Association
(AHA/ASA) guidelines on secondary prevention recommend lowering BP to
below 140 mmHg, and in some situations such as lacunar infarct, to below
130 mmHg [11].
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Dyslipidaemia
Many epidemiological studies have shown high cholesterol to be a risk factor for
cerebral infarction. The therapeutic trials conducted to evaluate statins clearly
showed that for primary prevention, the greater the decrease in low-density lipoprotein (LDL)-cholesterol, the greater the reduction in the risk of vascular events in
general, including that of cerebral infarction. A recent meta-analysis showed that, for
every 1 mmol/l drop in LDL-cholesterol, the risk of cerebral infarction is reduced by
21%, whatever the subject’s age or baseline risk level [12].
With respect to secondary prevention, the SPARCL Study, which covered
4,731 patients who had had a CVA or a TIA in the six months preceding inclusion,
also showed that lowering LDL-cholesterol was associated with a reduction of the
order of 16% in the risk of recurrent CVA within six years (Figure 2) [13].
The benefit of lowering LDL-cholesterol is therefore clearly demonstrated in both
primary and secondary prevention.
AHA/ASA guidelines recommend giving all high-risk patients statins for primary
prevention, and for secondary prevention in patients whose LDL-cholesterol is above
1 g/l, especially if the accident was associated with atherosclerosis [11].
Similarly, the French Supreme Health Authority recommends statin treatment for
patients who have had a non-cardioembolic cerebral infarct or TIA associated with a
LDL-cholesterol level of 1 g/l or higher. The recommended LDL-cholesterol target
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Figure 2. Lowering cholesterol in secondary CVA prevention [13].
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is below 1 g/l. Patients with diabetes and those with a history of coronary heart
disease should be on a statin whatever their LDL-cholesterol.
This treatment should be considered in a patient with LDL-cholesterol below 1 g/l
who has experienced a cerebral infarct or TIA associated with symptomatic atherosclerotic disease [14].
Diabetes
It is now clear that controlling blood glucose reduces the risk of microvascular complications in diabetics although benefit vis-a-vis macrovascular problems remains to
be demonstrated, especially with respect to CVAs.
Until recently, bringing BP down below 120/80 mmHg was recommended in this
population but now the recommended reduction is only to below 140/90 mmHg. The
value of statins in these patients ought to be emphasised [15].
Lack of exercise and diet
We have a great deal of information from observational studies that suggest that exercise prevents CVAs. The 2008 American guidelines recommend that adults should
exercise moderately (e.g. brisk walking) for at least 150 minutes a week or perform
intense, aerobic activity (e.g. running) for 75 minutes a week (or some combination
of the two).
The 2013 AHA/ASA lifestyle guidelines for the prevention of cardiovascular disease recommend at least 40 minutes of aerobic exercise three or four times a week in
order to reduce BP and improve lipid profile
If possible, patients who have had an ischaemic CVA or TIA should do three or
four sessions of moderate to intense, aerobic physical exercise to address CVA risk
factors. Each session should last 40 minutes on average.
For patients who have a deficit after an ischaemic CVA, supervision by a professional (e.g. a physical therapist or expert in cardiac re-education) might be advisable,
at least at the beginning of the exercise programme.
Similarly on diet, there is a body of data from epidemiological studies and, to a
lesser extent from randomised studies. The 2014 AHA/ASA guidelines on primary
CVA prevention recommend:
–– Cutting down sodium intake and raising potassium intake to lower BP (class I,
level A).
–– A DASH-type diet, which emphasises fruit, vegetables and dairy products,
coupled with reducing saturated fat intake, to lower BP (class I, level A).
–– A diet rich in fruit and vegetables, which is therefore rich in potassium and can
reduce the risk of CVA (class I, level B).
–– A Mediterranean diet complemented with nuts to reduce CVA risk (class IIa,
Level B) [16].
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Antithrombotic drugs
The second aspect of CVA prevention is represented by two big families of medicinal products, namely antiplatelet drugs for non-cardioembolic accidents, and
anticoagulants for cardioembolic accidents.
Antiplatelet drugs
Antiplatelet drugs have been solidly demonstrated as being effective at preventing
cerebral infarction in patients who have already had a cerebral infarct or a TIA.
Nevertheless, the question of which drug to prescribe arises. In secondary prevention, three options can be considered as equivalent, i.e. aspirin, clopidogrel and a
combination of aspirin and dipyridamole [17].
Studies of combinations of antiplatelet drugs have shown that combining aspirin
with clopidogrel affords no advantage and raises the risk of bleeding. On the other
hand, this combination may help prevent recurrence if administered in the acute
phase of a minor or transient accident although this is not established. The results of
some studies support this strategy, in particular a recently published Chinese study
of 5,170 patients who had had a TIA or a minor cerebral infarct in the preceding
24 hours. They were given either a combination of clopidogrel + aspirin (clopidogrel
at an initial dose of 300 mg then 75 mg daily for 90 days + aspirin at a daily dosage
of 75 mg for the first 21 days) or placebo + aspirin (75 mg a day for 90 days). After
90 days, the combination proved more effective than aspirin alone at preventing cerebrovascular accidents (CVA) (HR: 0.68; 95% CI: 0.57–0.81; p<0.001) (Figure 3)
[18]. The treatment is recommended in the 2014 AHA/ASA guidelines to prevent
CVA in patients with a history of either CVA or TIA; it can be offered for a short
course but not for long-term treatment [11].
Anticoagulants
Anticoagulants are essentially prescribed to manage atrial fibrillation (AF), which
increases the risk of cerebral infarction by a factor of five. This is a problem of
the elderly, affecting fewer than 0.5% of people under 50 as opposed to 5–15%
of over 80 year-olds [19]. After 70 years of age, 30% of patients who have had an
ischaemic CVA suffer from AF compared with 20% of patients across all ages [20].
Cerebral infarction associated with AF has a mortality rate within one month of
32.5% compared with 16.2% without AF. [21]. The resultant disability following
cerebral infarction is worse in those with AF than in those without it [20].
However, oral anticoagulant drugs represent a very effective treatment modality. It has been shown in many studies that anticoagulant therapy reduces the risk
of a cerebral embolic event by two-thirds (12% vs 4%) (RRR: 66%; 95% CI:
43–80) [22].
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Figure 3. Aspirin + clopidogrel in the acute phase of TIA or mild cerebral infarction [18].

New oral anticoagulants have been evaluated in large-scale studies covering more
than 10,000 patients [23, 24]. They proved not to be inferior to VKAs in the prevention of CVA and some even show slight superiority at preventing cerebral infarction;
however, most importantly, they have the big advantage of being associated with less
risk of cerebral bleeding [25-29].
Revascularisation
Revascularisation mainly concerns extracranial carotid stenosis, which may be
asymptomatic in primary prevention or symptomatic in secondary prevention.
Carotid stenosis is investigated in patients with vascular disease (coronary heart
disease, peripheral arterial disease, aortic disease) who are diabetic or have had a
CVA or a TIA affecting a different part of the brain. Carotid stenosis is classified as
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symptomatic if the cerebral infarct or TIA was recent and involved the same territory
as the stenosis.
The two situations are completely different. Thanks to the treatment modalities
available (statins, general improvement in risk factor management), the risk of an
event in the territory of the stenosis is extremely low—below 1% for asymptomatic
carotid stenosis [30]. Above all, this constitutes a marker for the risk of vascular
events (a coronary event, death due to a vascular problem over 2% a year). Treatment
is essentially medical and the benefit of surgery is extremely low in this situation.
On the other hand, symptomatic carotid stenosis is associated with a very high
incidence of recurrence within days or weeks of the first event [31-33]. In this situation, surgery is of great benefit, especially if the artery is narrowed by more than
70%. Angioplastic stenting is an alternative strategy although it has an excess risk of
complications (CVA, death) in the short term; nevertheless, it is probably as effective as surgery in the medium and long terms.
Aspirin and primary prevention
Aspirin has been shown to be effective at preventing vascular events, especially
coronary events [34]. Curiously, aspirin helps prevent coronary events in men but
not women, whereas it is beneficial for primary prevention in women but not men.
In consequence, the AHA/ASA guidelines on primary CVA prevention state that
aspirin can be given to patients with a ten-year vascular risk of over 10%, and
to women in order to prevent a first ischaemic accident, especially women with
diabetes [11].
Specificities of CVA in women
CVAs are more common in women (because they live longer) and the associated
morbidity and mortality are worse as well as institutionalisation being a more common consequence. HT is the most common cause in women of over 60 [35]. Women
have specific risk factors (pregnancy, endocrine factors, contraception, hormone
treatment, early menopause, migraine with aura) as well as specific causes like
eclampsia. These specificities were addressed in a global campaign in 2014 with the
message, “I’m a woman, stroke affects me”.
Prevention does not differ much between men and women. Prophylactic surgery
for asymptomatic carotid stenosis is clearly of less benefit in women than it is in
men. Oestrogen-progestin contraception and hormone replacement treatment are
contraindicated after a cerebral infarct or TIA although pure progestin is safe. For
primary prevention, aspirin can be proposed.
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Conclusion
The ways of preventing a first event or recurrence are globally identical but the
absolute benefit will differ in primary and secondary prevention.
There has been massive progress in prevention over the last 30–40 years, resulting
in a real reduction in the incidence of the disease although the absolute number
affected is inexorably rising because of ageing of the population.
Many of the risk factors for CVA are continuous variables, which have practical
implications, e.g. it could be worth lowering BP below the recommended target to
cut the risk down further.
Although recent advances have been more modest, rigorous application of existing
recommendations will reduce the scope of the problem.
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Organising health care pathways
for stroke victims
France Woimant (Paris)
Organising the health care pathway of stroke victims is a big challenge. It involves
planning the management of a pathology that is both urgent and chronic as well as
being e xtremely common and striking people of all ages. Although strokes are more
common after the age of 75, children are not invulnerable. The health care pathway
has to be organised on a local basis, ideally in the patient’s health care region, and
this applies from targeted prevention through hospitalisation to going back home.
Common, serious and expensive
In France, almost 110,000 people are admitted into hospital every year with a stroke
[1]. The number of French people who have had a stroke has been estimated at
780,000 on the basis of surveys of disability – health – households and disability—health—institution in 2008–2009 [2]. These surveys show that two-thirds of
stroke victims experience sequelae and, in one case in two, such sequelae stop
them carrying out one or more daily activities such as eating, walking, washing
or getting dressed [2]. In these surveys, modified Rankin Scores were compared
according to whether or not the subject had a history of stroke. The score was over
2 (corresponding to handicap that significantly restricts lifestyle or precludes full
independence) in 34.4% of those with a history of stroke (28% of those living at
home and 87.8% of those in an institution) compared with 3.9% of people with no
history of stroke (3.1% of those living at home and 71.6% of those in an institution) [3]. These surveys also show that almost a quarter of highly dependent patients
with a Rankin Score of 5 (corresponding to severe handicap with total dependence
requiring permanent supervision) have had a stroke. These figures alone illustrate
the scope of the stroke problem, which is the main cause of acquired disability in
adults.
Sequelae account for a large part of the financial burden that stroke imposes on
the health insurance system and society. Annual stroke-related health care and medicosocial expenditure is high, estimated at 8.3 billion euros in 2007: e5.9 billion to
the health care sector (3% of the overall budget) and e2.4 billion for medicosocial
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services. In 2004, mean annual expenditure per patient classified as having the LongTerm Condition (LTC) “debilitating stroke” was estimated at 9,642 euros (i.e. 14%
more than for a patient with the LTC “Alzheimer’s disease”) [4]. In 2007, the mean
cost of an incident case of stroke over the first year was 16,686 euros and the annual
cost of a prevalent case was 8,099 euros although this varies enormously according
to the sequelae and the degree of disability [5].
A pathway that starts with prevention
Prevention remains the best way of reducing the incidence and repercussions of
stroke. Screening for and managing risk factors are the main issues when it comes
to preventing strokes and indeed all cardiovascular diseases (coronary heart disease,
peripheral arterial occlusive disease, kidney failure, etc.). Preventive measures
concern all ages, from childhood (school programmes) to old age. These need to be
multiculturally structured to reach everyone. Targeted stroke preventive measures
can be backed up by outpatient education, e.g. focusing on hypertension, which is
the main risk factor for stroke. Such actions are all the more accessible if they are
provided close to the patient’s home.
Hospital
In the acute phase when every minute counts, care should also be organised locally,
ideally at a Stroke Unit (SU). One hundred and forty SUs are to be established in the
framework of the 2010–2014 National Stroke Plan. But unfortunately, this will not
ensure one within a 30-minute journey of anywhere a stroke could occur. Patients
may also be first seen at a nearby establishment with an Emergency Department.
These should have appropriately trained staff in both the Emergency and Radiology
Departments together with neuro-imaging facilities available around the clock,
seven days a week, as well as appropriate remote diagnosis and therapeutic advice
possibilities (telemedicine) [6]. In establishments with an Emergency Department
but no SU, initial treatment is prescribed by the emergency physician and a neurologist after a visio-consultation and transfer of neuro-imaging results. Once treatment
has been started, the patient is transferred to a SU.
After the acute phase, 30% of patients are transferred to a rehabilitation unit [7];
this period usually lasts weeks and is psychologically stressful so the patient should
not be taken far away from his or her family and friends [8]. Moreover, discharge
home will be easier to organise from a nearby establishment, which will be more
familiar with local medicosocial and social resources. The return home with support
through rehabilitation unit can only be organised if the establishment is close to the
patient’s home.
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Returning home
Stroke management does not end with discharge from the hospital and it should take
into account the return of the patient back to his or her home so coordination between independent health professionnals and the hospital is important. Going back
home is a difficult time for patient and family who are only just beginning to
realise how the stroke is going to disrupt the daily routines of their professional and
family lives.
Many factors will determine whether or not the patient will be able to stay at home,
including:
• the degree of physical disability and cognitive deficit,
• complications,
• help at home,
• training of carers,
• psychological support for the patient and carers.
Following a stroke, it is essential to organise coordinated follow-up between local
support workers and professional health care providers in order to prevent recurrence, complications and loss of independence. Close cooperation is therefore very
important between health care professionals and support workers [9]:
• independent professional health care providers (general practitioners,
neurologists, nurses, physical therapists, speech therapists, occupational therapists, psychologists, social workers, etc.),
• health care professionals from centres of excellence,
• professionals from:
–– structures and services for the disabled: medicosocial support services
for disabled adults (SAMSAH, services d’accompagnement médicosocial pour adultes handicapés), social life support services (SAVS,
services d’accompagnement à la vie sociale), Departmental homes for the
disabled (MDPH, maisons départementales des personnes handicapées),
etc.;
–– structures and services for the elderly such as home for the independence
and integration of Alzheimer’s patients (MAIA, maisons pour l’autonomie
et l’intégration des malades Alzheimer), local information and coordination centres (CLIC, centres locaux d’information et de coordination) and
medicosocial teams for personalised allocation of independence (APA,
allocation personnalisée d’autonomie);
–– organisations that adapt homes.
• home help, cleaners,
• carers, etc.
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New organisations to help keep patients at home
Assessment of how to improve coordination between hospital
and the independent sector
• Post-stroke multidisciplinary assessment in the hospital involves evaluation
by a team specialising in neurovascular disease working together with i ndependent
professional health care providers. The aims of the assessment are to:
–– review the disease situation, identify vascular risk factors and plan s econdary
prevention measures;
–– perform a physical work-up to define a personalised care programme;
–– monitor for mood problems (depression is very common after a stroke);
–– assess capacities for social and professional reintegration;
–– assess the quality of life of the patient and his/her family and friends, and
see if the carers need support;
–– if necessary, offer therapeutic education;
–– give information about patient support groups.
These assessments are relevant to all patients, even those who have no sequelae
because they will bring to light past, hitherto unrecognised, deficiencies that could
lead to disability or the loss of social and professional adaptability.
• Mobile stroke follow-up care and rehabilitation teams have been established
on an experimental basis in certain regions including the Île-de-France region
around Paris. These teams mainly come in to provide short-term help to overcome difficulties that might threaten the patient’s ability to stay at home. They
consist of a physician, an occupational therapist and a social worker who come
to the home or carry out their work at an institution. Their job is to improve
conditions in the home (assessment of the patient and carers), to prepare for
hospital admissions (avoiding unnecessary admissions) and organise the return
home. These assessments are undertaken in collaboration with independent
professionals and medicosocial structures.
Care teams coordinated at home with the hospital team
A meta-analysis based on individual data from 11 trials showed that services aimed
at providing early, coordinated care in the home cut down the risk of long-term
dependence and institutionalisation in some stroke patients [10]. The beneficial effect vis-à-vis daily activities can persist to five years after the stroke [11]. The main
objective of this type of coordinated rehabilitation in the home is the acquisition and
enhancement of independence in daily life through rehabilitation and by ensuring
that what we have learned is applied to daily life. Hospital coordination permits
continued multidisciplinary rehabilitation with a goal of improved function and optimisation of acquired knowledge in the context of patients’ lives. It makes it possible
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for patients to access professional re-educators that are not found in independent
practice such as occupational therapists, clinical psychologists, neuropsychologists
and social workers experienced with disability. It also helps train carers and those
who live with the patient. Experiments have been conducted on this in France: a
mobile disability assessment and follow-up unit in Mulhouse, hospitalisation to
home rehabilitation and reintegration in Île-de-France. It is nevertheless important
to remember the possible risk of placing an excessive psychological burden on the
family as well as professional and informal carers.
Preventing recurrence
Preventive measures that match the type of the stroke and its aetiology are e ssential.
However, studies conducted in France using SNIIR-AM databases and covering
69,262 patients admitted into hospital after a stroke or a transient ischaemic attack
(TIA) in the first six months of 2008 showed that only 75% of victims of a cerebral
infarct and 70% of those who experienced a TIA were prescribed an antithrombotic
drug [12].
Health care channels ought to be adapted
to the patient’s age and the seriousness of the deficit
How stroke victims are channelled through the health care system ought to take into
account:
• The patient’s age. For a child, the channel will not be the same if the stroke
occurs before birth, in the first days of life, in a child or in a teenager. These
children should also be monitored through adulthood. For the elderly, it is
estimated that in 2020, almost 30% of people admitted into hospital for stroke
will be over 85 so stroke care pathways ought to be organised in coordination
with geriatric channels.
• The severity of the stroke. Organisation of the care for a TIA is quite different
from that of a severe stroke [13]. For patients with a severe stroke who are
admitted straight into an intensive care unit, the following options need to be
considered:
–– limitation of care;
–– organ donation (stroke is the leading cause of brain death);
–– transfer to a palliative care unit;
–– transfer to a post-intensive care rehabilitation unit;
–– transfer to a long-term care unit;
–– permanent or temporary accommodation in a specialised medicosocial
structure: a reception house (MAS, maison d’accueil spécialisé), a
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medicalised reception home (FAM, foyer d’accueil médicalisé) or a home
for the dependent elderly (EHPAD, établissement d’hébergement pour
personnes âgées dépendantes).
How to coordinate and run the stroke care pathway
Nurse “coordinators” in stroke care are still too few in number. Nevertheless, their
role is central when stroke victims return home. Their main jobs are to ensure
compliance with treatment (drugs and rehabilitation) and tell patients and family members about signs of developing complications, which might exacerbate the
disability. These nurses call patients after they have gone back home and/or attend
the consultation with a neurologist. They provide a link between professionals at the
hospital and in the independent sector [14].
In line with the 2010–2014 Stroke Plan, coordinators involved in the stroke care
pathway are helping to build an effective health care pathway for stroke victims.
Their main jobs are to:
–– develop and coordinate the stroke pathway around SUs in order to ensure continuous care by improving hospital circuits and creating links with independent
practitioners, the medicosocial sector and patient support groups;
–– enhance training of all the professionals involved in the pathway;
–– organise mass educational campaigns for the general public across the country.
In conclusion, looking after patients after a stroke is not limited to admission into
a Stroke Unit during the acute phase and then if necessary, in follow-up care and
rehabilitation departments. The whole of the stroke victim’s health care pathway
needs to be organised and planned together with the patient, his or her family and
a variety of different health care professionals. This pathway should be local, ideally within the health care region. Structuring the regional organisation of stroke
care will prevent gaps in the pathway, which too often ends up with emergency
admission into an establishment that is poorly suited to coping with the attendant
problems. In collaboration with independent professional health care providers,
new organisations are being set up to raise the proportion of patients who are channelled into stroke-specific pathways, the aim being to reduce disability after stroke
and improve patients’ quality of life as well as that of their family and friends; not to
forget prevention, which remains the best way of reducing stroke-related disability.
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