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ABSTRACT
تعتبر الجلطة هي السبب الرئيسي للإعاقة في مرض الذئبة الجهازية. 
التقليدية في بداية ظهور الحالة. استخدام  ظهور الأعراض العصبية 
المصابين  للمرضى  السريرية  النتائج  تحسن  إلى  يؤدي  التخثر  علاج 
التصوير  طرق  تساعد  مبكرا.  للمستشفى  حضروا  اذا  بالجلطات 
البالغة  السيدة  هذه  جاءت  السليمة.  القرارات  اتخاذ  على  الحديثة 
من العمر 37 عاماً بسكتة دماغية حادة. وقد أظهرت الأشعة المقطعية 
 10 الدماغية  السكتات  لعلاج  القومي  بالمعهد  إجراؤها  تم  التي 
الرنين  الشريان المخي الأوسط. وكشفت أشعة  كثافة علامات نقاط 
التخثر عنده. وتم  تركز  M2 بسبب  المقطع  انسداد  المغناطيسي عن 
إعطاء محلول rtPA للسيدة والذي أحرز نجاحاً في إعادة الاستقناء. 
انسداد  بحالة   rtPA محلول  لاستخدام  نادراً  أمراً  الحالة  هذه  وتُعد 
قبل  من  يسبق  ولم  الكامنة.  بالذئبة  الأوسط  المخي  للشريان  حاد 
الأعراض  للأوعية في ظل  الطب مواجهة حالة تخثر حاد  تاريخ  في 
الحالية لمرض المناعة الذاتية. تُعد فسيولوجيا السكتات الدماغية في 
حالات الجلطات المفرطة حالة علاجية هامة يستدعي فيها الحديث 
وتستفيد  الدراسات.  من  المزيد  إجراء  الجلطة  حال  استخدام  عن 
الجلطة المصحوبة بقلة الدموية الموضعية بالنسيج الموصل من تصوير 
المخ متعدد الأوضاع خلال فترات زمنية مناسبة والذي يجب دراسته 

لإعادة نضح وجريان الدم.

Strokes are a major cause of disability in systemic 
lupus erythematosus (SLE). Classical neurological 
manifestations are rare at onset. The use of thrombolytic 
therapy improves clinical outcome in eligible stroke 
patients who present early. Modern imaging modalities 
augment decision making. This 37-year-old woman 
presented with an acute stroke with National Institute 
of Health stroke scale 10. The CT showed a hyperdense 
middle cerebral artery (MCA) dot sign. The magnetic 
resonance angiography revealed focal thromboembolic 
occlusion at the insular MCA segment (M2). Intravenous 
recombinant tissue plasminogen activator (rtPA) 
was administered with successful recanalization. The 
present case was a rare event for rtPA use in acute MCA 
occlusion with underlying latent lupus. Acute vascular 
event thrombolysis as the presenting manifestation of 
autoimmune disease has not previously been encountered 
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on literature review. Stroke pathophysiology in conditions 
of hypercoagulability is a significant clinical entity where 
the implication for thrombolytic use requires further 
studies. An ischemic stroke with underlying connective 
tissue disease benefits from timely multimodal brain 
imaging and should be considered for reperfusion.
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Strokes have been reported in up to 19% of systemic 
lupus erythematus (SLE) patients,1 with an age 

and gender adjusted odds ratio of 1.5. The stroke 
severity in SLE observed by Mikdahsi1 et al in this 
prospective cohort study showed a high proportion 
(77%) associated with a National Institute of Health 
stroke scale (NIHSS) of more than 6. There is high 
association between antiphospholipid antibodies (APL) 
and stroke in SLE. The presence of persistently elevated 
APL antibodies of different specificities increases the 
risk of stroke more than a single APL antibody.2 The 
risk of cardiovascular disease (CVD), which includes 
myocardial infarction, cerebrovascular disease, and 
peripheral vascular disease among SLE patients is 
at least doubled when compared with the general 
population. Younger patients with SLE have the greatest 
relative risk of CVD compared with their healthy 
counterparts, but the absolute risk is higher in older 
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SLE patients.3 After accounting for the increased CVD 
risk associated with traditional risk factors like diabetes, 
hypertension, dyslipidemia, family history of coronary 
heart disease, obesity, sedentary lifestyle, and cigarette 
smoking, SLE itself or its treatment confers the greatest 
risk for accelerated atherosclerosis. Stroke subtypes in 
SLE can vary from large vessel disease with resulting 
hemiparesis, hemisensory loss, ocular field defects or 
aphasia caused by cardiogenic embolism, vasculitis, 
and premature atherosclerosis to transient ischemic 
attack (TIA) or recurrent small infarcts usually due 
to associated presence of antiphospholipid antibodies. 
The key factor for successful thrombolysis in acute 
ischemic stroke is early intervention, which improves 
functional outcome and the benefits outweigh the risks 
for patients who receive intravenous (IV) recombinant 
tissue plasminogen activator (rtPA) within 4.5 hours 
of symptom onset. This narrow therapeutic window 
warrants quick screening for thrombolysis since the 
benefit decreases with time. Modern imaging techniques 
have potential to identify both salvageable ischemic 
brain tissue and the responsible vascular lesion. Various 
risk factors have been associated with the development 
of ischemic stroke in SLE, but there is no literature on 
the use of rtPA in acute ischemic stroke with SLE. We 
present this case of acute middle cerebral artery (MCA) 
stroke in a healthy young female where IV rtPA was 
successfully given with previously undiagnosed SLE 
and discuss the implications of thrombolysis in stroke 
patients. 

Case Report. A 37-year-old right handed female 
healthy mother of 4 children presented to our hospital 
30 minutes after symptoms onset of speech difficulty 
and weakness in the right side of the body associated 
with deviation of the mouth to the left side. She had 
no current history of seizure, incontinence, fever, 
vomiting, recent head trauma, illicit drug abuse, or oral 
contraceptive use. There was no history of transient 
ischemic attack or syncope. She gave a history of one 
miscarriage in the first trimester 3 years earlier. She also 
gave a history of small joints pain and swelling around 
11-12 years earlier, which lasted for 4 years and was 
investigated with no cause found. There was no family 
history of stroke or clotting disorders. On clinical 
examination, she was fully alert, and oriented. Pulse 82 
per minute and regular, blood pressure 146/72 mm of 
Hg, saturation 99% on room air. There was no jaundice, 
edema, lymphadenopathy, joint swelling. Neurological 
examination revealed Glasgow coma scale 15/15, no 
dysphasia, there was right upper facial motor weakness, 
no ocular or bulbar signs. There was hypotonia with 

Figure 1 - Non-contrast CT scan brain showing A) and C) no CT 
signs of acute infarction or hemorrhage. B) Axial image and 
D) Coronal image showing focal hyper-density at the M2 
segment of the left middle cerebral artery (MCA dot sign).

Figure 2 - Magnetic resonance imaging with diffusion-weighted image 
(DWI), apparent diffusion coefficient (ADC) and axial fluid 
attenuated inversion recovery (FLAIR) WI showing: A) Acute 
infarction of the left lentiform nucleus and corona radiata 
region with high signal on DWI (arrow in A); B) Low signal 
on ADC (arrow in B); C) FLAIR WI with loss of the normal 
signal void along the M2 and M3 branches of the left middle 
cerebral artery (arrow in C) implying slow blood flow.
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grade 1 power in the right upper limb, grade 2 in the 
right leg with normal power in the left upper and lower 
limbs. Reflexes were brisk in the right half of body with 
positive babinski sign. National Institute of Health 
stroke scale (NIHSS) score at presentation was 10. All 
peripheral pulses well felt with no carotid bruit. She 
had her first CT of the brain carried out at 35 minutes 
from hospital arrival (Figure 1), which showed a small 
hyperdense dot sign in the M2 segment of the left MCA 
with no direct sign of ischemic infarct or hemorrhage. 
She showed signs of improvement to Medical Research 
Council (MRC) grade 3 power in the right upper and 
lower limbs. The MRI of brain with diffusion weighted 
imaging (DWI) and magnetic resonance angiography 
of the cerebral circulation were carried out to document 
cerebral infarction (Figure 2). This showed acute 
infarction of the left lentiform nucleus and corona radiata 
region with signal attenuation from the M2 segment 
of the left MCA graded as partial thrombo-embolic 
occlusion (Figures 3 & 4). After full neuroimaging, a 
decision for thrombolysis with IV rtPA was taken in 
view of the MRI evidence of an occluded brain vessel 
with ischemic stroke. All risks and complications 
associated with the procedure were explained to the 
patient and her family, and contraindication screening 
was carried out. She received 10 mg of IV rtPA as bolus 
followed by 80 mg as IV infusion at 4 hours from onset 
of symptoms, and was monitored in the intensive care 
unit for neurostatus to look for any complications 
associated with thrombolysis. A repeat CT of brain 
(Figure 5) the next day showed acute linear infarction at 
the left lentiform and head of caudate nuclei.

Clinically, in the first 24 hours post thrombolysis, 
her motor power improved to normal in the right side 
with the only weakness remaining in the face, which also 
recovered within the next few days. She did not have 
any complications post thrombolysis. While in hospital 
she underwent workup to determine the stroke etiology. 
Carotid ultrasound was normal with no atheromatous 
plaques or stenosis. Transesophageal ECHO showed 
free left atrial appendage, no patent foramen ovale 
(PFO), and no vegetations. Venous doppler did not 
show any signs of deep vein thrombosis in the lower 
limbs. Hypercoagulability panel showed normal values 
for protein C, protein S, factor V, antithrombin III and 
homocysteine (Table 1).

The diagnostic criteria for SLE by the American 
College of Rheumatology (ACR) have some inherent 
weaknesses, which led a consensus group of experts 
Systemic Lupus International Collaborating Clinics 
(SLICC) to propose a revised criteria,4 which requires 
either the patient satisfies at least 4 of 17 criteria 

Figure 3 - 3-D time-of-flight magnetic resonance angiogram (3 hours 
after stroke onset) showed A) left middle cerebral (MCA) 
segment with contrast enhancement, B), C), & D) signal 
attenuation from the M2 segment of the left MCA depicted 
with arrows graded as partial thrombo-embolic occlusion. 

Figure 4 - Maximum intensity projection 3-D time-of-flight magnetic 
resonance angiogram of the circle of Willis (3 hours and 30 
minutes after stroke onset) showing: A and B) thrombo-
embolic filling defect at the M2 segment (short white arrows 
in A and B), narrowing distal M2 segment (short grey arrows 
in A and B) and pruning of M3 segment branches (long white 
arrow in A and B) of the left middle cerebral artery.
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Figure 6 - Follow up coronal A) and axial B) maximum intensity 
projection 3-D time-of-flight magnetic resonance angiogram, 
axial fluid attenuated inversion recovery [FLAIR] C) and 
coronal D) T2 WI MRI showing: A) Patent M2 segment of 
left middle cerebral artery. B) Good filling of M3 segment 
branches. C) Chronic infarction at left lentiform nucleus. D) 
Chronic infarction at head of caudate nucleus.

Figure 5 - Non-contrast CT scan brain (26 hours after stroke [22 hours 
after IV thrombolysis]) showed: A) previously seen hyperdense 
left middle cerebral artery dot sign in the M2 segment is less 
prominent. B), C) and D) showed acute linear infarction at 
the left lentiform and head of caudate nuclei.

Table 1 - Complete laboratory test data (some test results were 
rechecked on follow-up as shown by values with / sign).

Laboratory test Reference Patient value
Hemoglobin (g/dl) 12 - 16 12
White blood count (Ku/L)   4 - 11   3.2
Platelets (Ku/L) 150 - 400 180
MCV (fl) 76 - 96 81.6
MCH (pg) 27 - 32 25.3
ESR (mm/hr)   0 - 20 44
BUN (mmol/L) 2.5 - 6.7   4.3
Creatinine (umol/L) 50 - 98 59
Blood sugar (mmol/L) 2.9 - 7.8   5.6
LDL (mmol/L) < 2.6     2.25
PT (second/s)    11 - 14.5 12.4
PTT (seconds/s) 26.1 - 37.3 36.1
INR 0.8 - 1.2 1
TSH 0.35 - 4.94  8.09 / 5.27
Free T4 (pmol/L)   9 - 19  10.34 / 11.56
25-OH Vit D (nmol/L)   75 - 250 78.4
CRP (mg/L) < 5  6.7 / 4.1
Fibrin degradation product (mg/L)    0 - 0.5   2.9
Fibrinogen (gm/L) 1.5 - 4.1   1.6
Anti-CCP IgG antibody (unit) < 20     0.84
Sickle cell screening Negative
ANA index  < 1.2 > 12
AntiDNA (IU/ml) < 20 52.8
Vitamin B12 (pmol/L) 132 - 857 175
Homocysteine (umol/L) < 15   7.9
Antithrombin III (%)   75 - 125 106
Functional protein C (%)   70 - 130 104
Protein S activity (%)   65 - 140 69.8
APC resistance (%) 0.9 - 1.3   0.9
Factor 5 assay (unit/ml) 0.5 - 1.5     0.74
Lupus anticoagulant ratio    0 - 1.2  2.1 / 2.5

LA 1 (secs) 30 - 43 85.1 / 131
LA 2 (secs) 26.5 - 32.5  39.6 / 52.6

Beta-2 glycoprotein
IgG (U/ml)   < 10   35.68
IgM (U/ml)   < 12     3.59
IgA (U/ml) < 3     6.43

Anticardiolipin antibody
IgG (GPL Unit/ml)   < 10  37.76 / 34.06
IgM (MPL Unit/ml) < 7  6.02 / 6.30
IgA (APL Unit/ml)   < 10  6.23 / 8.57
CANCA (U/ml)   < 10     1.48
PANCA (U/ml) < 6     4.78
C3 (g/L) 0.83 - 1.93     1.05
C4 (g/L) 0.150 - 0.570       0.362
Anti SM (U/ml) < 5     5.04
Anti SS-A (U/ml) < 4     8.26
Anti SS-B (U/ml) < 4     1.28
24 hr urine protein (gm/day) - (g/L) 0.05 - 0.14  < 0.07
24 hr urine creatinine (mmol/day) 06.3 - 14.6   8.0
MCV - mean corpuscle volume, MCH - mean corpuscle hemoglobin, 

ESR - erythrocyte sedimentation rate, BUN - blood urea nitrogen, 
LDL - low density lipoprotein, PT - prothrombin time, 

PTT - partial thromboplastin time, CRP - C-reactive protein, 
INR - international normalized ratio, TSH - thyroid-stimulating hormone, 
Anti-CCP - anti-cyclic citrullinated peptide, ANA - antinuclear antibodies, 
APC - activated protein C, IgG - immunoglobulin G, IgM - immunoglobulin M, 

IgA - immunoglobulin A, Free T4 - free thyroxine, 25-OH Vit D - 25 
hydroxy vitamin D, CANCA - cytoplasmic antineutrophil cytoplasmic 

antibodies, PANCA - perinuclear antineutrophil cytoplasmic antibodies, 
C3 - complement 3, C4 -complement 4, Anti SM - Antismith, 

Anti SS-A - Anti-Sjogren’s syndrome related antigen, 
Anti SS-B - Anti-Sjogren’s syndrome related antigen B
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including at least one of 11 clinical criteria, and 
one of 6 immunological criteria, or the patient has 
biopsy-proven nephritis compatible with SLE in the 
presence of antinuclear or anti-double stranded DNA 
antibodies. A clinical diagnosis of SLE with secondary 
antiphospholipid syndrome presenting with acute 
MCA ischemic stroke as the first manifestation was 
made, and after recovery she was started on lifelong oral 
warfarin anticoagulation with regular INR monitoring. 
She followed up with us over the next 6 months with no 
residual deficit. A follow-up MRI brain (Figure 6) plus 
MRA of cerebral circulation showed patent M2 segment 
of left MCA, chronic infarction at left lentiform nucleus 
and head of caudate nucleus.

Discussion. In the management of acute ischemic 
stroke, timely recanalization and restoration of cerebral 
blood flow using thrombolytic therapy is the desired 
immediate result; rescue of ischemic penumbra and 
improvement in clinical outcome is the desired end 
result. With time delay, the risk of hemorrhagic 
transformation is increased with thrombolytic use. In 
the United States,5 around 22% of all ischemic stroke 
patients present at less than 3 hours, but only around 
8% meet eligibility criteria for thrombolysis treatment. 

Complement deposition on platelets as a marker 
showed positive correlation between platelet deposition 
of complement activation product (C4d) and stroke 
severity by the NIHSS and infarct volume by MRI.6 
Patients who were platelet C4d positive had significantly 
more severe stroke (NIHSS median 17.5 versus 5, 
p=0.003) and greater infarct volume (median: 17.4 ml 
versus 2.9 ml, p=0.06) than those who were platelet C4d 
negative. Also, platelet C4d positive patients were more 
likely to have stroke in the total anterior circulation 
compared with those platelet C4d negative (50% versus 
7%, p=0.004). Mortality risk due to stroke or other 
cerebrovascular disease is doubled as compared with 
non-SLE controls.7 There is high association between 
APL and stroke in SLE. The presence of persistently 
elevated APL antibodies of different specificities 
increases the risk of stroke more than a single APL does. 
A report from the Framingham Cohort and Offspring 
Study8 noted an increased risk of ischemic stroke 
associated with anticardiolipin antibodies limited to 
women (hazard ratio for women 2.6; 95% confidence 
interval 1.3-5.4).

The National Institute of Neurological Disorders 
and Stroke (NINDS) trial9 results showed that rtPA 
improves functional outcome at 3 months if given within 
3 hours of symptom onset, or within 3 hours of when a 
patient was last seen normal in cases where onset time is 

unknown. The third trial of the European Cooperative 
Acute stroke study (ECASS III)10 found this beneficial 
even up to 4.5 hours. Each 15 minute time reduction to 
rtPA initiation corresponded to an increase in odds of 
walking independently at discharge of (4%) and being 
discharged to home rather than an institution.11 A meta-
analysis12 showed favorable outcome far better for 0 to 
90 minutes than at a later time frame, and beyond 4.5 
hours harm may exceed benefit. The optimal approach 
to non-hemorrhagic strokes management in SLE is 
challenging, emphasizing the importance of full risks and 
potential benefits assessment of a particular approach 
in an individual patient. The mainstay treatment after 
stroke is antiplatelet aspirin or warfarin anticoagulation 
based on individual risk profile as in our case that had 
an ischemic stroke with criteria confirming diagnosis of 
antiphospholipid syndrome.

Vessel recanalization studies13 showed rtPA success 
at 46.2%. Persistent large vessel occlusion is associated 
with early neurologic deterioration and poor functional 
outcome. A few case series14 have MCA recanalization 
at 24 hours after rtPA in 53-68%. Comparing 
MRI-based thrombolytic treatment15 within 3-6 hours 
with conventional CT-based treatment within 3 hours 
has shown similar recanalization rates and functional 
outcomes; however, MRI helps in excluding patients 
who will not benefit. The present case is a rare event in 
terms of rtPA use for acute MCA occlusion heralding 
an underlying latent systemic lupus with secondary 
antiphospholipid syndrome that was diagnosed first 
time presenting with acute ischemic stroke as a primary 
problem. Due to early diagnosis, use of multimodality 
imaging, and thrombolytic intervention she improved 
with no residual sequelae. On literature review, we were 
unable to source IV rtPA thrombolysis and subsequent 
neurological course previously described in patients 
presenting with acute ischemic stroke as the first 
presentation of SLE. This case provides an important 
opportunity to consider the pathophysiology of stroke 
in systemic lupus and its implication for thrombolytic 
use with further studies in well-characterized patient 
groups and perhaps other autoimmune conditions 
where hypercoagulability is a significant clinical 
manifestation.

In conclusion, our patient showed excellent outcome 
with rtPA in this acute anterior circulation stroke, 
which was her first manifestation of undiagnosed 
systemic lupus disease. Stroke thrombolysis use for 
an acute vascular event as a presenting manifestation 
of autoimmune diseases like SLE is a rare experience, 
which was not previously sourced in the literature 
concerning tPA and stroke.



60

Thrombolysis in SLE, a rare experience … Loharia et al

Neurosciences 2015; Vol. 20 (1)     www.neurosciencesjournal.org

References

  1. Mikdashi J, Handwerger B, Langenberg P, Miller M, Kittner 
S. Baseline disease activity, hyperlipidemia, and hypertension 
are predictive factors for ischemic stroke and stroke severity in 
systemic lupus erythematosus. Stroke 2007; 38: 281-285.

  2. Nojima J, Kuratsune H, Suehisa E, Kitani T, Iwatani Y, 
Kanakura Y. Strong correlation between the prevalence of 
cerebral infarction and the presence of anti-cardiolipin/beta2-
glycoprotein I and anti-phosphatidylserine/prothrombin 
antibodies--Co-existence of these antibodies enhances 
ADP-induced platelet activation in vitro. Thromb Haemost 
2004; 91: 967-976.

  3. Schoenfeld SR, Kasturi S, Costenbader KH. The epidemiology 
of atherosclerotic cardiovascular disease among patients with 
SLE: a systematic review. Semin Arthritis Rheum 2013; 43: 
77-95.

  4. Petri M, Orbai AM, Alarcón GS, Gordon C, Merrill JT, Fortin 
PR, et al. Derivation and validation of the Systemic Lupus 
International Collaborating Clinics classification criteria for 
systemic lupus erythematosus. Arthritis Rheum 2012; 64: 
2677-2686.

  5. Kleindorfer D, Kissela B, Schneider A, Woo D, Khoury J, 
Miller R, Alwell K, et al. Eligibility for rtPA in acute ischemic 
stroke: a population-based study. Stroke 2004; 35: e27-e29.

  6. Mehta N, Uchino K, Fakhran S, Sattar MA, Branstetter BF 4th, 
Au K, et al. Platelet C4d is associated with acute ischemic stroke 
and stroke severity. Stroke 2008; 39: 3236-3241.

  7. Bernatsky S, Clarke A, Gladman DD, Urowitz M, Fortin PR, 
Barr SG, Senécal JL, et al. Mortality related to cerebrovascular 
disease in systemic lupus erythematosus. Lupus 2006; 15: 
835-839.

  8. Janardhan V, Wolf PA, Kase CS, Massaro JM, D’Agostino 
RB, Franzblau C, et al. Anticardiolipin antibodies and risk of 
ischemic stroke and transient ischemic attack: the Framingham 
cohort and offspring study. Stroke 2004; 35: 736-741.

  9. Tissue plasminogen activator for acute ischemic stroke. The 
National Institute of Neurological Disorders and Stroke rt-PA 
Stroke Study Group. N Engl J Med 1995; 333: 1581-1587.

10. Hacke W, Kaste M, Bluhmki E, Brozman M, Dávalos A, 
Guidetti D, et al. Thrombolysis with alteplase 3 to 4.5 
hours after acute ischemic stroke. N Engl J Med 2008; 359: 
1317-1329.

11. Saver JL, Fonarow GC, Smith EE, Reeves MJ, Grau-Sepulveda 
MV, Pan W, et al. Time to treatment with intravenous tissue 
plasminogen activator and outcome from acute ischemic stroke. 
JAMA 2013; 309: 2480-2488.

12. Lees KR, Bluhmki E, von Kummer R, Brott TG, Toni D, 
Grotta JC, et al. Time to treatment with intravenous alteplase 
and outcome in stroke: an updated pooled analysis of ECASS, 
ATLANTIS, NINDS, and EPITHET trials. Lancet 2010; 375: 
1695-1703.

13. Rha JH, Saver JL. The impact of recanalization on ischemic 
stroke outcome: a meta-analysis. Stroke 2007; 38: 967-973.

14. Zangerle A, Kiechl S, Spiegel M, Furtner M, Knoflach M, 
Werner P, et al. Recanalization after thrombolysis in stroke 
patients: predictors and prognostic implications. Neurology 
2007; 68: 39-44.

15. Ribo M, Molina CA, Rovira A, Quintana M, Delgado P, 
Montaner J, et al. Safety and efficacy of intravenous tissue 
plasminogen activator stroke treatment in the 3- to 6-hour 
window using multimodal transcranial Doppler/MRI selection 
protocol. Stroke 2005; 36: 602-606.

Related articles

Arulneyam J, Al-Senani F. Tissue plasminogen activator in acute ischemic stroke: KFMC 
experience. Neurosciences (Riyadh) 2008; 13 Supp: 9.

Shuaib A. Acute ischemic stroke treatment update. Neurosciences (Riyadh) 2008; 13 
Supp: 5.

Bakhsh E. Role of MRI in diagnosis of acute ischemic stroke. Neurosciences (Riyadh) 
2004; 9 Supp 4: 113-113.

Landis DM. Thrombolysis in ischemic stroke. Neurosciences (Riyadh) 2004; 9 Supp 3: 
70-72.

http://dx.doi.org/10.1161/01.STR.0000254476.05620.14
http://dx.doi.org/10.1161/01.STR.0000254476.05620.14
http://dx.doi.org/10.1161/01.STR.0000254476.05620.14
http://dx.doi.org/10.1161/01.STR.0000254476.05620.14
http://dx.doi.org/10.1160/TH03-10-0608
http://dx.doi.org/10.1160/TH03-10-0608
http://dx.doi.org/10.1160/TH03-10-0608
http://dx.doi.org/10.1160/TH03-10-0608
http://dx.doi.org/10.1160/TH03-10-0608
http://dx.doi.org/10.1160/TH03-10-0608
http://dx.doi.org/10.1160/TH03-10-0608
http://dx.doi.org/10.1016/j.semarthrit.2012.12.002
http://dx.doi.org/10.1016/j.semarthrit.2012.12.002
http://dx.doi.org/10.1016/j.semarthrit.2012.12.002
http://dx.doi.org/10.1016/j.semarthrit.2012.12.002
http://dx.doi.org/10.1002/art.34473
http://dx.doi.org/10.1002/art.34473
http://dx.doi.org/10.1002/art.34473
http://dx.doi.org/10.1002/art.34473
http://dx.doi.org/10.1002/art.34473
http://dx.doi.org/10.1161/01.STR.0000109767.11426.17
http://dx.doi.org/10.1161/01.STR.0000109767.11426.17
http://dx.doi.org/10.1161/01.STR.0000109767.11426.17
http://dx.doi.org/10.1161/STROKEAHA.108.514687
http://dx.doi.org/10.1161/STROKEAHA.108.514687
http://dx.doi.org/10.1161/STROKEAHA.108.514687
http://dx.doi.org/10.1177/0961203306073133
http://dx.doi.org/10.1177/0961203306073133
http://dx.doi.org/10.1177/0961203306073133
http://dx.doi.org/10.1161/01.STR.0000117575.48205.2D
http://dx.doi.org/10.1161/01.STR.0000117575.48205.2D
http://dx.doi.org/10.1161/01.STR.0000117575.48205.2D
http://dx.doi.org/10.1161/01.STR.0000117575.48205.2D
http://dx.doi.org/10.1056/NEJM199512143332401
http://dx.doi.org/10.1056/NEJM199512143332401
http://dx.doi.org/10.1056/NEJM199512143332401
http://dx.doi.org/10.1056/NEJMoa0804656
http://dx.doi.org/10.1056/NEJMoa0804656
http://dx.doi.org/10.1056/NEJMoa0804656
http://dx.doi.org/10.1056/NEJMoa0804656
http://dx.doi.org/10.1001/jama.2013.6959
http://dx.doi.org/10.1001/jama.2013.6959
http://dx.doi.org/10.1001/jama.2013.6959
http://dx.doi.org/10.1001/jama.2013.6959
http://dx.doi.org/10.1016/S0140-6736(10)60491-6
http://dx.doi.org/10.1016/S0140-6736(10)60491-6
http://dx.doi.org/10.1016/S0140-6736(10)60491-6
http://dx.doi.org/10.1016/S0140-6736(10)60491-6
http://dx.doi.org/10.1016/S0140-6736(10)60491-6
http://dx.doi.org/10.1161/01.STR.0000258112.14918.24
http://dx.doi.org/10.1161/01.STR.0000258112.14918.24
http://dx.doi.org/10.1212/01.wnl.0000250341.38014.d2
http://dx.doi.org/10.1212/01.wnl.0000250341.38014.d2
http://dx.doi.org/10.1212/01.wnl.0000250341.38014.d2
http://dx.doi.org/10.1212/01.wnl.0000250341.38014.d2
http://dx.doi.org/10.1161/01.STR.0000155737.43566.ad
http://dx.doi.org/10.1161/01.STR.0000155737.43566.ad
http://dx.doi.org/10.1161/01.STR.0000155737.43566.ad
http://dx.doi.org/10.1161/01.STR.0000155737.43566.ad
http://dx.doi.org/10.1161/01.STR.0000155737.43566.ad
http://www.neurosciencesjournal.org/_cgi-bin/DetailArticle.asp?ArticleId=1113
http://www.neurosciencesjournal.org/_cgi-bin/DetailArticle.asp?ArticleId=1113
http://www.neurosciencesjournal.org/_cgi-bin/DetailArticle.asp?ArticleId=710
http://www.neurosciencesjournal.org/_cgi-bin/DetailArticle.asp?ArticleId=710
http://www.neurosciencesjournal.org/_cgi-bin/DetailArticle.asp?ArticleId=710
http://www.neurosciencesjournal.org/_cgi-bin/DetailArticle.asp?ArticleId=710
http://www.neurosciencesjournal.org/_cgi-bin/DetailArticle.asp?ArticleId=682
http://www.neurosciencesjournal.org/_cgi-bin/DetailArticle.asp?ArticleId=682



