NEUROLOGY -+ July 2016

ADVANCES IN THE MANAGEMENT OF TRANSIENT
ISCHAEMIC ATTACK AND STROKE

Mayra J Montalvo,' Matthew S. Siket,2 Mahesh V. Jayaraman,"?
Shadi Yaghi,' *Brian Silver!

1. Department of Neurology, Rhode Island Hospital, Alpert Medical School of Brown University,
Providence, Rhode Island, USA
2. Department of Emergency Medicine, Rhode Island Hospital, Alpert Medical School of Brown University,
Providence, Rhode Island, USA
3. Department of Diagnostic Imaging, Rhode Island Hospital, Alpert Medical School of Brown University,
Providence, Rhode Island, USA
*Correspondence to bsilver@lifespan.org

Disclosure: The authors have declared no conflicts of interest.

Received: 08.02.16 Accepted: 02.06.16
Citation: EMJ Neurol. 2016;4[1]:101-107.

ABSTRACT

Among many important advances in the management of transient ischaemic attack (TIA) and stroke
are: the updated definition of TIA; risk stratification scores for TIA; the urgent diagnostic and treatment
process for TIA; thrombectomy treatment for large vessel occlusive ischaemic stroke; cryptogenic stroke
evaluation and treatment, including long-term monitoring for paroxysmal atrial fibrillation; and strategies
to improve outcomes for patients including mirror therapy for neglect and timing of mobilisation after
stroke. Future research will focus on: antiplatelet strategies after TIA; selecting patients for treatment
with recanalisation therapies in an extended time window; uncovering the cause of strokes previously
defined as cryptogenic; and better defining the optimal timing and dose of mobilisation after stroke.
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INTRODUCTION

Owing to the results of important research in
transient ischaemic attack (TIA) and stroke,
secondary stroke rates and stroke-related deaths
have dropped over the last two decades. This
review will focus on advancements in the areas
of TIA, acute stroke, cryptogenic stroke, and
rehabilitation management.

TRANSIENT ISCHAEMIC ATTACK

About 20% of ischaemic strokes are closely
preceded by a TIA! The classic definition of TIA, i.e.
‘focal cerebral dysfunction of an ischaemic nature
lasting <24 hours with a tendency to recur’, has
been largely replaced by one that emphasises tissue
rather than time.? The American Heart Association
(AHA)/American Stroke  Association (ASA)
definition is “a transient episode of neurologic
dysfunction caused by focal brain, spinal cord, or

retinal ischemia.”® Inherent in this definition is the
early acquisition of neuroimaging; patients with
evidence of new ischaemic injury are identified as
having had a stroke, while those without a new
injury are defined as having a TIA. The concept of
an acute ischaemic cerebrovascular event, similar
to the concept of an acute coronary syndrome,
has also been proposed.

The risk of stroke following TIA is highest in the
first 48 hours after occurrence.* Risk stratification
has been a topic of major interest in order to better
guide the timeliness and extent of healthcare
resource utilisation for suspected TIA patients.
The most widely used prediction rule is the ABCD2
score;® however, it has been shown to have only
modest predictive ability.®” Additionally, the ABCD2
score has been shown to have low sensitivity when
used by non-neurologists.® Although data do not
generally support the use of the ABCD2 score
until after the condition has been confirmed as
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TIA by a stroke specialist, its use is supported by
current AHA/ASA and National Institute for Health
and Care Excellence (NICE) guidelines to aid early
management decisions.® While some report utility
of the ABCD2 score to be useful in discriminating
TIAs from mimics,”© several studies have shown that
the ABCD2 score is not reliable at discriminating
between high and low-risk TIAs. Dual TIA (i.e. a
TIA event within 7 days before another TIA)
contributes to short and long-term prediction of
stroke, and also improves ABCD2 performance.”
ABCD2 is not accurate in predicting atrial
fibrillation (AF) or large vessel stenosis, both of
which require prompt intervention." Incorporation
of brain imaging improves prediction of stroke.”’>™
ABCD3 and ABCD3-I are both superior in the
prediction of short and long-term risk of stroke.
Carotid stenosis and intracranial stenosis are
associated with recurrent strokes,” therefore the
addition of vasculature imaging techniques to risk
scores provides better accuracy for predicting
the recurrence of stroke. Intracranial large
vessel occlusion is also a predictor of decline in
functional status in patients with TIA®

Whether patients with a TIA should be admitted
to the hospital or not is a point of spirited
discussion. Current guidelines recommend urgent
management for patients presenting with TIA,
but it is unclear if these patients should be
hospitalised.”® The primary reason for hospitalisation
is completion of TIA evaluation and secondary
prevention.®”  Specialised TIA clinics and
observation units in the emergency department
may provide a safe approach to TIA while avoiding
hospital admissions.® Reductions in hospital
admissions of up to 80% can be achieved with this
approach and may improve patient satisfaction.
Admissions would be targeted towards patients
requiring an urgent procedure, transition to
anticoagulation, or for medical management of
vessel-narrowing producing clinical worsening due
to haemodynamic compromise. Short-term dual
antiplatelet treatment of TIA and minor stroke
was shown to be beneficial in the CHANCE trial.
However, uncertainty about the generalisability of
the results given the high event rates in both arms
of the trial along with the relatively low use of
statin and anti-hypertensive agents did not lead
to the sudden discontinuation of the POINT trial,
which is ongoing. Importantly, the event rates of
10% at 90 days seen over a decade ago now
appear to be in the range of 3-4% with the urgent
evaluation and management strategy.”
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ACUTE REVASCULARISATION THERAPY
IN ISCHAEMIC STROKE

Intravenous alteplase is the only US Food and
Drug Administration (FDA)-approved lytic therapy
for the treatment of acute ischaemic stroke.?°
The NINDS trial showed improved outcomes in
acute ischaemic stroke patients treated with
tissue plasminogen activator (tPA) <3 hours from
symptom onset and several subsequent trials have
corroborated these findings.??* Although not
approved by the FDA in the 3-4.5 hour window,
ECASS Il showed benefit of tPA administration

during this period and its use during this
time has been endorsed by the AHA/ASA.Z25%
The ENCHANTED study did not show

non-inferiority of alteplase 0.6 mg/kg compared
with 0.9 mg/kg with respect to death and
disability at 90 days; however, ordinal analysis of
the modified Rankin scale score did show
non-inferiority. Additionally, major symptomatic
haemorrhage occurred less frequently in the
0.6 mg/kg group (1.0% versus 2.1%, p=0.01).%

The guidelines for the use of tPA were developed
according to the population enrolled in the
trials and as such there were initially many
contraindications to tPA, which were not based on
any specific safety issues observed. Given that
patients had to meet very specific criteria, tPA,
although effective, was only given to a small
percentage of stroke patients.?®?® There is little
evidence of how some of these contraindications
affect safety in patients that receive tPA.
Multiple studies show that patients may benefit
from an individualised decision to give tPA.2®

Historically, the computed tomography (CT)
scan was the most widely used method for the
acute evaluation of stroke since it can accurately
identify hyperacute haemorrhage (0-6 hours).
Gradient echo magnetic resonance imaging
(MRD has been shown to be as good in detecting
acute haemorrhage as the CT scan.?* Diffusion
weighted imaging (DWI) is more sensitive than the
CT scan for the detection of acute ischaemia.’’33
Multimodal CT and MRI (parenchymal, perfusion,
and vascular imaging) have the potential to
identify patients with an ischaemic penumbra that
may benefit from reperfusion therapy. MRI to
identify chronic vascular injury can be useful
after acute reperfusion therapies have taken
place® There are several ongoing trials for
treating patients who wake up with stroke
symptoms using thrombolytic therapies (alteplase
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or tenecteplase) and/or endovascular procedures.®*
The imaging parameters are an estimation of a
DWI/fluid-attenuated inversion recovery mismatch
or evaluation of penumbral tissue on MRI or
CT perfusion.

tPA has been shown to be better than conservative
care in patients with large vessel occlusion,
however it only has limited efficacy in this
situation.®® Initial endovascular therapies for stroke

included intra-arterial infusion of thrombolytic
agents, as well as first-generation mechanical
devices, such as the Merci retriever. In 2013,

however, the largest randomised trial at that time,
the Interventional Management of Stroke (IMS)
[l trial showed no benefit to endovascular therapy
above and beyond best medical therapy alone.
However, there had been advances in both
endovascular technique as well as in imaging
which were not incorporated into the trial
The major advance in endovascular therapy was
the wuse of stent-retrievers, which resulted in
dramatically increased rates of rapid recanalisation
as compared with previous-generation devices.
In late 2014 and early 2015, five randomised trials,
MR CLEAN, ESCAPE, EXTEND-IA, SWIFT PRIME,
and REVASCAT showed the benefit of endovascular
therapy compared with the best available
medical therapy.354° Collectively, endovascular
therapy improved functional independence on the
modified Rankin scale (=2) at 90 days by absolute
difference of 20% (46% versus 26%).4

In spite of the dramatic changes in stroke
management during the last two decades, only
a small percentage (5%) of patients with acute
ischaemic stroke receive tPA.*> Endovascular
therapy is safe and effective when there is a small
amount of tissue that is already infarcted prior to
treatment. However, many patients are ineligible
because there has been too much damage prior
to treatment. In these cases, neuroprotective
agents may be wuseful in combination with
reperfusion strategies.?®4® Although hundreds of
putative neuroprotective agents showed benefit
in animal models, none resulted in a positive
human trial.*44¢ Future studies may combine a
neuroprotective strategy with recanalisation rather
than neuroprotection alone.

On the endovascular side, an important question
is how wide is the timeframe within which the
procedure can be performed, and for whom.
Treatment is relatively safe and effective within
6 hours from symptom onset. Additional imaging

using CT angiography collateral score assessment,
DWI, or perfusion imaging with either CT or
MRI may allow better selection of patients within
that time window. In addition, some patients
present with large vessel occlusion and a low
National Institutes of Health Stroke Score (NIHSS).

Contentious issues which should be noted
include whether or not to treat stroke patients
with thrombectomy, and in patients with tandem
occlusion of cervical internal carotid artery and
intracranial occlusion whether acute stenting or
angioplasty alone should be performed.

CRYPTOGENIC STROKE

Stroke of unexplained cause or ‘cryptogenic’ stroke
accounts for approximately 30% of all ischaemic
strokes.#’#® According to the Trial of ORG 10172
in Acute Stroke Treatment (TOAST) criteria,
cryptogenic stroke is defined when no stroke
mechanism can be identified after routine,
exhaustive, or incomplete evaluation.*® One of the
neuroimaging features in cryptogenic stroke
patients is the presence of superficial infarcts
occurring in up to 60% of cases,* which led
investigators to use the term ‘embolic stroke
of undetermined source’ in reference to a
non-lacunar infarction occurring in the absence of
a specific identifiable embolic source, such as AF,
valvular heart disease, or large artery stenosis.”
An important mechanism in cryptogenic stroke
that, when identified, leads to anticoagulation
therapy is paroxysmal AF. It is detected in
20-30% of patients with cryptogenic stroke by
outpatient telemetry or implantable loop recorders.
Less documented embolic sources include patent
foramen ovale (PFO), atheroma of the aortic arch,
and artery-to-artery embolism from sub-stenotic
atherosclerotic plaque.*®

Paradoxical embolism through a PFO s
hypothesised to be one of the possible
mechanisms leading to cryptogenic stroke. There
is a weak association, however, between PFO and
cryptogenic stroke.> Investigators designed the
Risk Of Paradoxical Embolism (ROPE) score to
identify patients with cryptogenic stroke and a
PFO in whom the PFO is the likely stroke
mechanism. In those patients, the risk of recurrent
stroke was low. In addition, several clinical trials
showed no significant benefit of PFO closure
over medical treatment in reducing the risk of
recurrent stroke in patients with cryptogenic
stroke.>® Antiplatelet therapy remains the mainstay
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of treatment in most patients with cryptogenic
stroke and evidence of a PFO.%* Several studies
have demonstrated increased prevalence of aortic
arch atheromas >4 mm in size>> and ipsilateral
non-stenosing complex internal carotid plaques
in patients with cryptogenic stroke. Antiplatelet
therapy agents remain the mainstay of
treatment in patients with cryptogenic stroke
and evidence of thick aortic arch plaque.>*%8

Atrial dysfunction or ‘cardiopathy’ has been
introduced as a possible stroke mechanism in
patients with cryptogenic stroke. Serum biomarkers
of atrial dysfunction such as N-terminal
pro-Brain Natriuretic Peptide (NT-proBNP) have
been shown to be associated with an increased
risk of cardioembolism independent of AF.>
Atrial arrhythmias and electrocardiogram findings

such as supraventricular  tachycardia®® and
increased  p-wave terminal force in lead
V1®' have also been associated with ischaemic

stroke risk in the absence of AF, particularly
those related to embolism (cardioembolic and
cryptogenic  stroke  subtypes).®? Left atrial
enlargement is also associated with the risk of
incident ischaemic stroke in the absence of AF®
and recurrent ischaemic stroke particularly related
to embolism (cryptogenic or cardioembolic),
an association independent of AF.84

AF, with its implied left atrial stasis in the setting
of an irregular contractile function, has been
used to provide a direct mechanistic explanation
for embolism.®> A post hoc analysis of the
Asymptomatic AF and Stroke Evaluation in
Pacemaker Patients and the AF Reduction Atrial
Pacing Trial (ASSERT), however, showed a lack
of a temporal relationship between subclinical AF
detected on pacemaker interrogation and stroke,
suggesting that AF signifies underlying atrial
cardiopathy, which is possibly the direct cause of
stroke in most of these patients. Recent randomised
trials proved the efficacy of outpatient cardiac
monitoring in detecting AF after cryptogenic stroke
with a detecting rate of 16% at 30 days with non-
invasive monitoring®® and 30% at 3 years with
implantable monitors®” leading to anticoagulation
therapy for secondary stroke prevention.

Unless AF is detected after a cryptogenic stroke,
we agree with the AHA/ASA guidelines guidelines
which which suggest that antiplatelet therapy be
the treatment for secondary stroke prevention
in this population.®® Despite this therapeutic
approach, the risk of recurrent stroke after
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cryptogenic stroke remains substantial, reaching
up to 20% at 2 vyears.®® A post hoc analysis
of the Warfarin-Aspirin Recurrent Stroke trial
showed that warfarin was superior to aspirin in
reducing recurrent stroke risk in patients with
NT-proBNP >750 ng/dL (hazard ratio: 0.30, 95%
confidence interval: 0.12-0.84; p=0.021), a marker

of atrial cardiopathy, in the absence of AF.
This suggests the need for clinical trials
comparing anticoagulation versus antiplatelet

therapy in patients with cryptogenic stroke and
atrial cardiopathy.

ADVANCES IN STROKE
REHABILITATION

Stroke rehabilitation is an important part of
the continuum of care and important studies
have come out in the last few years highlighting
potential methods to improve outcomes. The focus
of this section will be on the results of studies
focussed on mirror therapy, intensive early
mobilisation, and non-invasive brain stimulation.

Spatial neglect is a disabling sequela of stroke,
which can lead to difficulties with participation in
rehabilitation and long-term functional outcomes.
Mirror therapy has been used in an attempt to
overcome these deficits. The Mirror Therapy in
Unilateral Neglect After Stroke (MUST) trial was
an open-label, blinded endpoint, randomised
trial of patients with unilateral neglect 48 hours
after stroke.®® Patients assigned to mirror
therapy looked into a mirror as they worked with
the limb on the neglected side. Patients assigned
to sham treatment looked at the non-reflecting
side of the mirror during therapy sessions.
Treatment regimen was 1-2 hours per day for
5 days per week, over 4 weeks. Twenty-six
patients were treated with mirror therapy and
20 with sham. At 1, 3, and 6 months, patients
assigned to mirror therapy had significantly
improved spatial attention on the affected side,
as measured by the star cancellation test, line
bisection test, and picture identification task.
In addition, the percentage of patients with
a good outcome at 6 months, as defined
by a modified Rankin scale score of 0-2,
was 10% in the sham treatment group and 46% in
the mirror therapy group (p=0.01). Further trials
with the modified Rankin scale as the primary
outcome measure would be very meaningful,
for a treatment that is not very expensive.
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The timing and amount of mobilisation
following ischaemic stroke has been a subject of
significant interest to those caring for patients in
the post-acute setting. The efficacy and safety
of very early mobilisation within 24 hours of
stroke onset (AVERT) parallel group, single-blind,
randomised controlled trial at 56 acute stroke
units in  five countries comparing usual
stroke-unit care alone or very early mobilisation
in addition to usual care.’® Patients were eligible
for participation if they had haemorrhagic or
ischaemic stroke, including those who underwent
thrombolysis.  The very early mobilisation
intervention included: 1) mobilisation within
24 hours of stroke onset; 2) focussing on sitting,
standing, and walking (i.e. out-of-bed activity);
3) at least three additional out-of-bed sessions
compared to usual care. The intensity of
intervention was prescribed according to functional
ability, with four levels specified, and titrated
according to recovery. There were 1,054 patients

who received very early mobilisation and
1,050 received wusual care. The groups were
well matched on baseline characteristics. Time

to first mobilisation was at a mean of 18.5 hours
after stroke in the very early mobilisation
group and at a mean of 22.4 hours in the usual
care group. The daily amount of treatment
averaged 31 minutes in the very early mobilisation
group and 10 minutes in the usual care group.
A favourable outcome (modified Rankin scale
score of 0-2) was more likely to occur in the
usual care group (46% versus 50%, pP=0.004).
On secondary analysis, there was no significant

shift in the modified Rankin scale score.
Time to walking 50 metres unassisted by 3 months
was virtually identical in the two groups. The rates
of late and serious complications (such as
pneumonia and venous thromboembolism) were
not significantly different between the two groups.
The researchers plan to perform a further
dose-response analysis to establish the effect
of dose of rehabilitation on efficacy and safety
outcomes. Future research questions will include
the best time to initiate rehabilitation after stroke,
the type of training to be initiated, and the type
of patient who might benefit most.

CONCLUSION

Among many important advances in the
management of TIA and stroke are the updated
definition of TIA, risk stratification scores for TIA;
the urgent diagnostic and treatment process for
TIA; thrombectomy treatment for large vessel
occlusive ischaemic stroke, cryptogenic stroke
evaluation and treatment including long-term
monitoring for paroxysmal AF; and strategies to
improve outcomes of patients including mirror
therapy for neglect and timing of mobilisation
after stroke.

Future research will focus on antiplatelet
strategies after TIA; selecting patients for
treatment with recanalisation therapies in an

extended time window; uncovering the cause
of strokes previously defined as cryptogenic;
and better defining the optimal timing and dose
of mobilisation after stroke.

REFERENCES

1. Rothwell PM, Warlow CP. Timing of

affirms the value of this statement

transient ischemic attack. Stroke. 2014;

NEUROLOGY -+ July 2016

TIAs preceding stroke Time window
for prevention is very short. Neurology.
2005;64(5):817-20.

2. Toole JF. The Willis lecture: transient

ischemic attacks, scientific method, and
new realities. Stroke. 1991;22(1):99-104.

3. Easton JD et al. Definition and
evaluation of transient ischemic attack:
a scientific statement for healthcare
professionals  from  the  American
Heart Association/American Stroke
Association Stroke Council; Council
on Cardiovascular Surgery and
Anesthesia; Council on Cardiovascular
Radiology and Intervention; Council
on Cardiovascular Nursing; and
the Interdisciplinary Council on
Peripheral ~ Vascular  Disease:  The
American  Academy  of

Neurology

as an educational tool for neurologists.
Stroke. 2009;40(6):2276-93.

4. Johnston SC et al. Short-term prognosis
after emergency department diagnosis of
TIA. JAMA. 2000;284(22):2901-6.

5. Johnston SC et al. Validation and
refinement of scores to predict very
early stroke risk after transient ischaemic
attack. Lancet. 2007;369(9558):283-92.

6. Perry JJ et al. Prospective validation
of the ABCD2 score for patients in
the  emergency department  with
transient ischemic attack. CMA. 2011;
183(10):1137-45.

7. Kiyohara T et al. ABCD3 and ABCD3-|
scores are superior to ABCD2 score in
the prediction of short- and
long-term  risks  of  stroke after

45(2):418-25.

8. Bradley D et al. Frequent inaccuracies
in  ABCD? scoring in non-stroke
specialists' referrals to a daily Rapid
Access  Stroke  Prevention  service.
J Neurol Sci. 2013;332(1-2):30-4.

9. Royal College of Physicians (UK).
Stroke: National Clinical Guideline for
Diagnosis and Initial Management of
Acute Stroke and Transient Ischaemic
Attack (TIA). NICE Clinical Guidelines,
No. 68. 2008. Available at: http:/
www.ncbi.nlm.nih.gov/pubmedhealth/

PMH0009998/. Last accessed:
8 February 2016.
10. Sheehan OC et al. Diagnostic

usefulness of the ABCD2 score to
distinguish transient ischemic attack

EUROPEAN MEDICAL JOURNAL

105



106

and minor ischemic stroke From
noncerebrovascular events The North
Dublin  TIA  Study. Stroke. 2009;

40(11):3449-54.

1. Wardlaw JM et al. ABCD2 score

and secondary stroke  prevention
Meta-analysis and effect per 1,000
patients  triaged. Neurology. 2015;

85(4):373-80.

12. Giles MF et al. Addition of brain
infarction to the ABCD2 score (ABCD2I)
a collaborative analysis of unpublished
data on 4574 patients. Stroke. 2010;
41(9):1907-13.

13. Merwick A et al. Addition of brain
and carotid imaging to the ABCD?
score to identify patients at early risk

of stroke after transient ischaemic
attack: a multicentre observational
study. Lancet Neurology. 2010;9(11):
1060-9.

14. Ay H et al. A score to predict early
risk of recurrence after ischemic stroke.
Neurology. 2010;74(2):128-35.

15. Poisson SN et al. Intracranial large
vessel occlusion as a predictor of decline
in  functional status after transient
ischemic attack. Stroke. 2011;42(1):44-7.

16. Stamplecoski M et al. Predictors
of Hospitalization in Patients with
Minor Stroke and TIA. Stroke. 2015;
46:AWP280.

17. Blacquiere D et al. Delays in
Presentation to Stroke Prevention Clinic
after TIA or Minor Stroke are Associated
with  Increased  Recurrent  Events,
Hospitalization and Mortality. Stroke.
2015;46:AWP282.

18. Siket MS, Edlow J. Transient ischemic
attack: an evidence-based update.
Emerg Med Pract. 2013;15(1):1-26.

19. Amarenco P et al. One-Year Risk
of Stroke after Transient Ischemic
Attack or Minor Stroke. N Engl J Med.
2016;374(16):1533-42.

20. Marier J. Tissue plasminogen
activator for acute ischemic stroke.
National Institute of  Neurological
Disorders and Stroke rt-PA Stroke
Study Group. N Engl J Med. 1995;333(24):
1581-7.

21. Albers GW et al. ATLANTIS trial:

results for patients treated within
3 hours of stroke onset.
Alteplase  Thrombolysis  for  Acute

Noninterventional Therapy in Ischemic
Stroke. Stroke. 2002;33(2):493-6.

22. Hacke W et al. Intravenous
thrombolysis with recombinant tissue

plasminogen  activator for  acute
hemispheric  stroke: the European
Cooperative  Acute  Stroke  Study

(ECASS). JAMA. 1995;274(13):1017-25.

23. Hacke W et al. Randomised
double-blind placebo-controlled
trial of thrombolytic therapy with

NEUROLOGY ¢ July 2016

intravenous alteplase in acute
ischaemic stroke (ECASS II). Second
European-Australasian AcuteStroke
Study  Invesigators.  Lancet. 1998;
352(9136):1245-51.

24. Sandercock P et al. The IST-3
collaborative group.The benefits and

harms of intravenous thrombolysis
with recombinant tissue plasminogen
activator within 6 h of acute ischaemic
stroke (the third international stroke
trial [IST-3]): a randomised controlled
trial. Lancet. 2012;379(9834):2352-63.

25. Hacke W et al. Thrombolysis
with alteplase 3 to 4.5 hours after
acute ischemic stroke. N Engl J Med.
2008;359(13):1317-29.

26. Culp WC et al. Window for stroke

therapy effectiveness extended by
dodecafluoropentane emulsion in
rabbits. J Vasc Interv Radiol. 2015;

26(2)Suppl:S13.

27. Anderson CS et al. Low-Dose versus
Standard-Dose Intravenous Alteplase
in Acute Ischemic Stroke. N Engl J Med.
2016. [Epub ahead of print].

28. Parker S et al. TPA Contraindications
have Little Impact on Thrombolysis
Outcomes. Stroke. 2015;46:ATP58.

29. Kidwell CS et al. Comparison of
MRl and CT for detection of acute
intracerebral hemorrhage. JAMA. 2004;
292(15):1823-30.

30. Fiebach JB et al. Stroke magnetic
resonance imaging is accurate in
hyperacute intracerebral hemorrhage:
a multicenter study on the validity of
stroke imaging. Stroke. 2004;35(2):
502-6.

31. Merino JG, Warach S. Imaging of
acute stroke. Nat Rev Neurol. 2010;
6(10):560-71.

32. Sobesky J et al. Does the mismatch
match the penumbra? Magnetic
resonance imaging  and positron
emission tomography in early ischemic
stroke. Stroke. 2005;36(5):980-5.

33. Lee LJ et al. Impact on stroke

subtype diagnosis of early
diffusion-weighted magnetic resonance
imaging and magnetic  resonance

angiography. Stroke. 2000;31(5):1081-9.
34. Thomalla G, Gerloff C. Treatment
Concepts for Wake-Up Stroke and
Stroke  With  Unknown  Time of
Symptom Onset. Stroke. 2015;
46(9):2707-13.

35. Bhatia R et al. Low rates of acute

recanalization with intravenous
recombinant tissue plasminogen
activator in ischemic stroke real-

world experience and a call for action.
Stroke. 2010;41(10):2254-8.

36. Berkhemer OA et al. Stent-Retriever
Thrombectomy for Stroke. N Engl J Med.
2015;373(11):1076.

37. Campbell BC et al. Endovascular
therapy for ischemic stroke with
perfusion-imaging selection. N Engl J
Med. 2015;372(11):1009-18.

38. Goyal M et al. Randomized assessment

of rapid endovascular  treatment
of ischemic stroke. N Engl J Med.
2015;372(11):1019-30.

39. Jovin TG et al. Thrombectomy

within 8 hours after symptom onset in
ischemic stroke. N Engl J Med. 2015;
372(24):2296-306.

40. Saver JL et al. Stent-retriever
thrombectomy after intravenous t-PA
vs. t-PA alone in stroke. N Engl J Med.
2015;372(24):2285-95.

41, Grech R et al Stent-based
thrombectomy Versus intravenous
tissue plasminogen activator in acute
ischaemic stroke: A systematic review
and meta-analysis. Interv Neuroradiol.
2015;21(6):684-90.

42. Adeoye O et al. Recombinant
tissue-type plasminogen activator
use for ischemic stroke in the United
States: A doubling of treatment rates
over the course of 5 years. Stroke. 2011;
42(7):1952-5.

43, Saver JL et al. Methodology of the
Field Administration of Stroke Therapy
- Magnesium (FAST-MAG) phase 3 trial:
Part 1 - rationale and general methods.
Int J Stroke. 2014;9(2):215-9.

44, Saver JL et al. Methodology of the
Field Administration of Stroke Therapy
- Magnesium (FAST-MAG) phase 3 trial:
Part 2 - prehospital study methods.
Int J Stroke. 2014;9(2):220-5.

45, Ddvalos A et al. Citicoline in the
treatment of acute ischaemic stroke: an
international, randomised, multicentre,
placebo-controlled study (ICTUS trial).
Lancet. 2012;380(9839):349-57.

46. Heiss WD et al. Cerebrolysin in
patients with acute ischemic stroke
in Asia: results of a double-blind,
placebo-controlled randomized trial.
Stroke. 2012;43(3):630-6.

47. Petty GW et al. Ischemic stroke
subtypes: a population-based study
of incidence and risk factors. Stroke.
1999;30(12):2513-6.

48. Sacco RL et al Infarcts of
undetermined cause: the NINCDS
Stroke Data Bank. Ann Neurol. 1989;
25(4):382-90.

49. Yaghi S, Elkind MS. Cryptogenic
stroke: A diagnostic challenge. Neurol
Clin Pract. 2014;4(5):386-93.

50. Lamy C et al. Clinical and imaging
findings in cryptogenic stroke patients
with and without patent foramen ovale:
the PFO-ASA Study. Atrial Septal
Aneurysm. Stroke. 2002;33(3):706-11.

51. Hart RG et al. Embolic strokes of
undetermined source: the case for a

EUROPEAN MEDICAL JOURNAL



NEUROLOGY -+ July 2016

new clinical construct. Lancet Neurol.
2014;13(4):429-38.

52. Alsheikh-Ali AA et al. Patent foramen
ovale in cryptogenic stroke: incidental or
pathogenic? Stroke. 2009;40(7):2349-55.

53. Spencer FA et al. Systematic review
of percutaneous closure versus medical
therapy in patients with cryptogenic
stroke and patent foramen ovale. BMJ
Open. 2014;4(3):e004282.

54. Kernan WN et al. Guidelines for the
prevention of stroke in patients with
stroke and transient ischemic attack: a
guideline for healthcare professionals
from the American Heart Association/
American Stroke Association. Stroke.
2014,;45(7):2160-236.

55. Di Tullio MR et al. Aortic atheromas
and acute ischemic stroke: a
transesophageal echocardiographic
study in an ethnically mixed population.
Neurology.1996;46(6):1560-6.

56. Freilinger TM et al. Prevalence
of nonstenosing, complicated
atherosclerotic plagques in cryptogenic
stroke. JACC Cardiovasc Imaging. 2012;
5(4):397-405.

57. Gupta A et al. Magnetic resonance
angiography detection of abnormal

carotid artery plague in patients With
cryptogenic stroke. J Am Heart Assoc.
2015;4(6):e002012.

58. Amarenco P et al. Clopidogrel plus
aspirin versus warfarin in patients with
stroke and aortic arch plaques. Stroke.
2014;45(5):1248-57.

59. Montaner J et al. Etiologic diagnosis
of ischemic stroke subtypes with plasma
biomarkers. Stroke. 2008;39(8):2280-7.

60. Kamel H et al. Paroxysmal
supraventricular tachycardia and
the risk of ischemic stroke. Stroke.
2013;44(6):1550-4.

61. Kamel H et al. P-wave morphology

and the risk of incident ischemic
stroke in the Multi-Ethnic Study of
Atherosclerosis.  Stroke.  2014;45(9):
2786-8.

62. Kamel H et al. Electrocardiographic
Left Atrial Abnormality and Risk of
Stroke: Northern Manhattan  Study.
Stroke. 2015;46(11):3208-12.

63. Di Tullio MR et al. Left atrial size
and the risk of ischemic stroke in an
ethnically mixed population. Stroke.
1999;30(10):2019-24.

64. Yaghi S et al. Left atrial enlargement

and stroke recurrence: the northern
Manhattan stroke study. Stroke. 2015;
46(6):1488-93.

65. Goldstein LB et al. Guidelines for
the primary prevention of stroke: a
guideline for healthcare professionals
from the American Heart Association/
American Stroke Association. Stroke. 2011;
42(2):517-84.

66. Gladstone DJ et al. Atrial fibrillation

in patients with cryptogenic stroke.
N Engl J Med. 2014;370(26):2467-77.

67. Sanna T et al. Cryptogenic stroke
and underlying  atrial  fibrillation.
N Engl J Med. 2014;370(26):2478-86.

68. Ntaios G et al. Embolic Strokes of
Undetermined Source in the Athens
Stroke Registry: An Outcome Analysis.
Stroke. 2015;46(8):2087-93.

69. Pandian JD et al. Mirror therapy in

unilateral neglect after stroke (MUST
trial): a randomized controlled trial.
Neurology. 2014;83(11):1012-7.

70. Bernhardt J et al. AVERT Trial
Collaboration  Group. Efficacy and
safety of very early mobilisation

within 24 h of stroke onset (AVERT):
a randomised controlled trial. Lancet.
2015;386(9988):46-55.

If you would like reprints of any article, contact: +44 (0) 1245 334450.

EUROPEAN MEDICAL JOURNAL

107



