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Chapter 1. Ischemic stroke 

 

1.1 Definition of acute ischemic stroke 

Ischemic stroke is defined as an episode of neurological dysfunction 

caused by focal cerebral, spinal, or retinal infarction (Sacco RL. et al. 2013). 

According to the same definition, CNS infarction is a “brain, spinal cord, or 

retinal cell death attributable to ischemia, based on: 

1. pathological, imaging, or other objective evidence of cerebral, 

spinal cord, or retinal focal ischemic injury in a defined vascular 

distribution; or 

2. clinical evidence of cerebral, spinal cord, or retinal focal ischemic 

injury based on symptoms persisting ≥24 hours or until death, and 

other etiologies excluded”. 

These definitions of ischemic stroke and brain ischemia have been 

adopted after the technical advances in neuroradiological techniques, which 

allow the immediate distinction among stroke, focal deficits with sudden onset 

due to causes other than ischemia and transient blood supply deficits without 

evidence of brain infarction (transient ischemic attack or TIA).  All the previous 

definitions of stroke relied upon the assumption that the sudden deficit was of 

vascular origin; anyway, urgent brain computed tomography (CT) scan has a 

high specificity in excluding brain hemorrhages, but low sensitivity in the 

detection of an ischemic lesion, particularly in the acute phase and in case of 

small strokes. Thus, the new definition is the result of the new insights offered 



by the introduction of magnetic resonance imaging (MRI) and in particular of 

diffusion-weighted images in the acute phase of stroke (Furlan M. et al 1996; 

Olivot JM. et al. 2010; Brazzelli M. et al. 2009). 

 

1.2 Etiological classification of ischemic stroke 

Ischemic stroke can be classified according to the presumed mechanism 

of the focal brain injury (etiological classification), on the type and on the 

anatomical localization of the vascular lesion.  

The most used etiological classification is the TOAST (Adams HP. Jr. et 

al. 1993), which divides ischemic strokes into 5 major categories: 

• Large-artery atherosclerosis, either extracranial or intracranial;  

• Cardiac embolism;  

• Small-vessel disease;  

• Other determined causes, grouping a broad spectrum of disorders, for 

example dissection, hypercoagulable states, or sickle cell disease;  

• Undetermined  

This classification is based on the supposed mechanism of stroke, but 

the diagnostic workup is inadequate to establish the actual mechanism in as 

many as 30% of strokes, which thus remain of undetermined source. Moreover, 

stroke patients usually present more than one risk factor and more than one 

putative etiology.  

1.3 Diagnosis of ischemic stroke  



The clinical diagnosis of ischemic stroke should be confirmed by 

neuroradiological imaging, at least with CT scan or MRI. Brain CT scan can 

exclude hemorrhagic events; brain MRI can help excluding non-vascular 

causes of acute neurological dysfunction (stroke mimics), and in distinguishing 

real strokes from TIAs, and the critically injured brain tissue from the ischemic 

but not yet infarcted tissue (ischemic penumbra).  

The diagnostic work-up for ischemic stroke should include tests to assess 

modifiable risk factors and causes of stroke. 

 

1.4 Risk factors for ischemic stroke 

 After the acute management, aimed to restore reperfusion in the 

occluded artery territory if possible, the management of ischemic stroke in the 

stroke unit setting is based on the prevention of early and late complications 

and on the assessment and correction of treatable risk factors. 

Different population studies identified the major modifiable risk factors for 

ischemic stroke (Harmsen P. et al. 2006; Hankey GJ. 2006; Grysiewicz RA. et 

al. 2008; O’Donnel MJ. et al. 2016): 

• Hypertension 

• Diabetes mellitus 

• Smoking habit 

• Dyslipidemia 



Among non-modifiable risk factors there are (Grysiewicz RA. et al. 2008; 

Jerrard-Dunne P. et al. 2003; Jood K. et al. 2005; Meschia JF. et al. 2011; 

Howard VJ. 2013): 

• Older age, particularly age >80 years (Grysiewicz RA. et al. 2008); 

• Race and ethnicity, with risk higher for blacks than for whites (Howard 

VJ. 2013);	

• Sex, with risk higher at most ages for men compared with women, 

except for ages 35 to 44 years and >85 years, where women have a 

similar or higher risk than men (Persky RW. et al. 2010; Bushnell C. 

et al. 2014; Arnao V. et al. 2016); 

• Family history and genetic disorders, with a higher risk for 

monozygotic twins and those with genetic disorders predisposing to 

hypercoagulability or increased blood viscosity, such as sickle cell 

disease, or predisposing to small vessel diseases like cerebral 

autosomal dominant arteriopathy with subcortical infarctions and 

leukoencephalopathy (Jerrard-Dunne P. et al. 2003; Jood K. et al. 

2005; Meschia JF. et al. 2011).	

Two important modifiable risk factors are also clinical conditions and 

individually represent mechanisms of disease for ischemic stroke, covering the 

majority of brain ischemias according to the TOAST classification:	

• Atrial fibrillation 



• Carotid artery stenosis 

The risk of stroke is particularly increased in patients with two or more 

risk factors. 

Different scales have been proposed to assess annual risk for stroke in 

the presence of one or more risk factors as suggested by calculators. 

After the Framingham study, 2 separate scales have been proposed, 

respectively for men and women between 55 and 84 years of age, to assess 

the annual percentual risk for stroke (Wolf PA. et al.1991).	

These tools always take into consideration atrial fibrillation, the most 

common cause of cardioembolic ischemic stroke, and the presence of coronary 

heart disease and other types of cardiovascular disease; when all of these risk 

factors and stroke mechanisms are considered together, they account for 60 

to 80 percent of the population-attributable risk of ischemic stroke (Hankey GJ. 

2006). 

 

1.4.1 Hypertension 	

 Arterial hypertension is the single most important treatable risk 

factor for stroke (O’Donnel MJ et al. 2016), and epidemiologic studies on 

patients with treated and untreated hypertension suggest a linear association 

between the rise in blood pressure above 110/75 mmHg and the increasing 

incidence of cardiovascular mortality (Lewington S. et al. 2002; Rapsomaniki 



E. et al. 2014). It seems that non only systolic and diastolic blood pressure may 

be related to stroke risk, but also other variables connected to hypertension, 

including mean blood pressure, pulse pressure, blood pressure variability, 

blood pressure instability, and alterations of circadian physiologic rhythm, like 

nocturnal non-dipping pattern (Rothwell PM. et al. 2010). 

Hypertension is associated with lacunar infarcts, an expression of small 

vessel disease, with an increased risk of subclinical or silent strokes and, in 

turn, of subsequent vascular dementia and recurrence of cerebrovascular 

events (Vermeer SE. et al. 2007; Prabhakaran S. et al. 2008; Das RR. et al. 

2008). 

Since arterial hypertension is usually associated to other cardiac and 

cerebral risk factors such as increasing body weight, dyslipidemia, glucose 

intolerance, and the metabolic syndrome, the association with stroke could not 

be causative; yet, some studies confirmed that a strict control of blood pressure 

with antihypertensive therapy is associated with a reduction in the risk of 

recurrent stroke (Rothwell PM. et al. 2011; PROGRESS Collaborative Group 

2001; Yusuf S. et al. 2008; Liu L. et al. 2009; Arima H. et sl. 2011).	

 

1.4.2 Smoking	

 Cigarette smoking is associated with an increased risk for all stroke 

subtypes and has a strong, dose-dependent relationship for both ischemic 

stroke and subarachnoid hemorrhage (Ockene IS. et al. 1997; Kawachi I. et al. 



1993; Kurth T. et al. 2003; Wilson PW. et al. 1997; Li C. et al. 2005; Wolf PA. 

et al. 1988; Peters SA. et al. 2013), with a relative risk of stroke of 2.58 

compared with people who never smoked (Kawachi I. et al. 1993); the excess 

risk for former smokers disappears within two to four years after the cessation 

of smoking.	

Smoking habit is also associated with carotid stenosis, with an odds ratio 

for moderate carotid stenosis of 1.08 for each five pack-years of smoking, as 

demonstrated in the Framingham study (Wilson PW. et al. 1997).	

There are no randomized controlled trials of smoking cessation for stroke 

prevention, but the risk of stroke declines after quitting and is eliminated after 

five years in observational studies (Kawachi I. et al. 1993; Wolf PA. et al. 1988; 

Wannamethee SG. et al.1995). 

 

1.4.3 Diabetes mellitus	

 Diabetes mellitus is associated with a risk of ischemic stroke 

approximately double compared with non-diabetic population (Arvanitakis Z. et 

al. 2006; Janghorbani M. et al. 2007; Sarwar N. et al. 2010; Luitse MJ. et al. 

2012; Peters SA. et al. 2014); this risk results higher in women than in men 

(Peters SA. et al 2014). Moreover, diabetic patients are more prone to the 

development of carotid stenosis in presence of dyslipidemia, endothelial 

dysfunction, and platelet and coagulation abnormalities, particularly in those 



with uncontrolled diabetes and high levels of HbA1c (Vitelli LL. et al. 1997; 

Jørgensen L. et al. 2004.	

 

1.4.4 Dyslipidemia	

 While high cholesterol level, in particular LDL, is a well-established 

risk factor for coronary heart disease and atherosclerosis, the association with 

stroke incidence appears to be more complex, in that the degree of risk varies 

for stroke subtypes (Yaghi S. et al. 2015). 

It has been reported a weak but positive association of elevated 

cholesterol with ischemic stroke, particularly for large artery atherosclerotic and 

lacunar stroke subtypes (Yaghi S. et al. 2015; Leppälä JM. et al. 1999; Zhang 

X. et al. 2003; Kurth T. et al. 2007; Horenstein RB. et al. 2002; Tirschwell DL. 

et al. 2004) but some studies did not find this association (Shahar E. et al. 

2003; Bots ML. et al. 2002). 

Lipid-lowering therapy with statins decreases the risk of recurrent 

ischemic stroke in patients with hyperlipidemia, but a meta-analysis of lipid-

lowering therapy found that diet or drug therapy other than statins did not 

significantly reduce the risk of stroke in subjects with elevated cholesterol levels 

(Corvol JC. et al. 2003). 

 

 



1.4.5 Carotid stenosis	

Prevalence of asymptomatic carotid stenosis ranges from 0.1 to 7.5% in 

the general population, with prevalence increasing with age (de Weerd M. et 

al. 2010).  

The site most frequently affected by plaque formation is the carotid 

bifurcation, with extension into the proximal internal carotid artery.  

Two mechanisms are involved in stroke or TIA from carotid stenosis 

(Petty GW. et al. 1999):  

• luminal narrowing, causing a critical reduction of blood flow;	

• plaque ulceration, causing artery-to-artery embolism, or thrombosis with 

occlusion of the vessel.	

The risk of stroke due to carotid artery stenosis has been associated to 

percentage of stenosis, to plaque morphology and stability, but the estimate is 

questioned by recent advantage in primary prevention with aggressive medical 

treatment; a recent population-based study of patients with asymptomatic 

carotid artery stenosis of >50% who were treated with intensive medical 

therapy, showed an average annual rate of 0.34% for stroke and of 1.78% for 

TIA (Marquardt L. et al. 2010). 

Carotid disease is considered symptomatic when focal neurologic 

symptoms with sudden onset are referable to the territory of distribution of the 

carotid ipsilateral to the significant atherosclerotic pathology. This definition 



includes one or more TIAs with focal neurologic dysfunction or transient 

monocular blindness (amaurosis fugax), or one or more minor ischemic strokes 

(NASCET, 1991). Usually, the time span considered in this definition is 6 

months, although a precise time limit is not supported by any evidence, but is 

rather a convention (Barnett HJM. et al. 1991; ECST 1991).	

Carotid endarterectomy (CEA) is the treatment of choice for severe 

symptomatic carotid stenosis, and its efficacy was demonstrated in 3 trials: the 

North American Symptomatic Carotid Endarterectomy Trial (NASCET, 1991), 

the European Carotid Surgery Trial (ECST, 1998) and the Veterans Affairs 

Trials (Mayberg MR. et al. 1991). A pooled analysis of these three trials 

demonstrated an absolute risk reduction of 4.6% in moderate stenosis (50–

69%) and of 16% in severe stenosis (≥ 70%) (Rothwell PM. et al. 2003).	

Carotid artery stenting (CAS) is a comparable alternative treatment to CEA. 

Other trials evaluated CEA versus medical therapy in asymptomatic 

carotid stenosis, and found more modest benefit (Halliday A. et al. 2004; 

Hobson RW. 2nd et al. 1993), in particular in an analysis conducted in recent 

years (Singh TD. et al. 2015) probably for the improvements in primary 

preventive medical treatment. 

 

 

1.4.6 Atrial Fibrillation	



Atrial fibrillation (AF) is the most common leading cardiac arrhythmia in 

the elderly (Go AS. et al. 2014), with higher prevalence in men and increasing 

with age (Go AS. et al. 2001). It has been estimated that AF is responsible for 

10%–12% of all ischemic strokes (Goldstein LB. et al. 2011; Flint AC. et al. 

2012).	

AF has the following electrocardiographic characteristics:	

• The RR intervals follow no repetitive pattern (“irregularly irregular”) 

• There are no distinct P waves at ECG. 

Hypertensive heart disease and coronary heart disease (CHD) are the 

most common disorders in patients with AF, as well as rheumatic heart 

disease, which is now uncommon in developed countries. It is thought that 

alterations in atrial structure and dimension, leading to subsequent alteration 

in the conduction of the electric stimuli, are the cause of AF.	

The current classification of AF distinguishes 4 different forms (January 

CT. et al. 2014): 

• Paroxysmal AF, which terminates spontaneously or with intervention 

within seven days of onset, and that may recur with variable 

frequency;	

• Persistent AF, which fails to self-terminate within seven days and often 

requires pharmacologic or electrical cardioversion to restore sinus 

rhythm;	



• Long-standing persistent AF, which has lasted for more than 12 

months;	

• Permanent AF, a persistent atrial fibrillation which is treated, as a 

medical decision, only with regard of rate control but not of rhythm 

control.	

The proposed mechanism for stroke in AF patiens is a cardiac embolus, 

most commonly originating from the left atrium or left atrial appendage. 

An ischemic stroke may occur in patients with AF either as its initial 

presenting manifestation or despite appropriate prophylaxis; it as been 

calculated that around 10% of patients with acute ischemic stroke or TIA have 

newly-detected AF (Rizos T. et al. 2012); however, in the case of paroxysmal 

AF, an additional 11% may be found within 30 days of discharge if searched 

with continuous electrocardiographic monitoring (Flint AC. et al. 2012), and 

longer monitoring protocols up to 6 months have comparable detection rates 

(Flint AC. et al. 2012; Tayal AH. and Callans DJ. 2010). 

The risk of stroke in patients affected by AF has been extensively studied, 

and is predictable by use of specific scales, like CHADS2 (Gage BF. et al. 2001) 

and CHA2DS2-VASc (Lip GY. et al. 2010). 

CHA2DS2-VASc considers the following items: congestive heart failure (1 

point), hypertension (1 point), age 65 to 74 years (1 point) or ≥75 years (2 

points), Diabete Mellitus (1 point), prior stroke or TIA (2 points), female sex (1 



point), and vascular disease other than cerebrovascular disease (1 point). 

 The annual risk of stroke increases with the score: 0.5% per year (0 

points), 1.5% per year (1 point), 2.5% per year (2 points), 5% per year (3 

points), 6% per year (4 points), and 7% per year (5–6 points). 

Both CHADS2 and CHA2DS2-VASc may underestimate stroke risk for 

patients with a recent TIA or ischemic stroke who have no other risk factors 

(Furie KL. et al. 2013; The STroke Risk in Atrial Fibrillation Working Group. 

2007). Their risk for stroke may be closer to 7% to 10% per year (The STroke 

Risk in Atrial Fibrillation Working Group, 2007; EAFT, 1993). 

 

1.5 Acute reperfusion therapy	

 The most important factor in acute stroke treatment is early treatment.  

 The immediate goal of reperfusion therapy for acute ischemic stroke is to 

restore blood flow to the regions of brain that are ischemic but not yet infarcted.  

 The two options for reperfusion therapy are: 	

• intravenous alteplase; 	

• mechanical thrombectomy. 

 1.5.1 Alteplase 

 Alteplase (recombinant tissue plasminogen activator, rtPA) is the only 

currently approved drug for the treatment of acute ischemic stroke. 



Its benefit is time dependent, and the improvement in functional outcome at 3 

to 6 months was demonstrated in different large randomized trials when rtPA 

is given within 4.5 hours of ischemic stroke onset (Lees KR. et al. 2013; Saver 

JL. et al. 2013; Wardlaw JM. Et al. 2012; Emberson J. et al. 2014; Prabhakaran 

S. et al. 2015; Whiteley WN. et al. 2016; Lees KR. Et al. 2016).	

 An analysis of a registry of over 58,000 patients treated with tPA within 

4.5 hours of ischemic stroke symptom onset (Saver JL. et al. 2013) found that 

every progressive reduction of 15 minute in the time to start rtPA was 

associated with an increase in the odds of functional independence (4%), and 

with a decrease in the odds of death before discharge (4%) and of symptomatic 

hemorrhagic transformation of infarction (4%).	

 A meta-analysis on individual patient data from 6756 subjects, allocated 

to receive either iv rtPA or control within 3 to 6 hours from stroke onset in the 

NINDS, ATLANTIS, ECASS (1, 2, and 3), EPITHET, and IST-3 trials 

(Emberson J. et al. 2014), found that: within 3 hours of stroke onset, rtPA led 

to a good outcome for 33% versus 23% for controls; for treatment between 3 

and 4.5 hours, rtPA led to good outcome in 35% of patients vs 30% of controls; 

beyond 4.5 hours, the proportion of patients with a good outcome was 33% in 

rtPA group vs 31% in control group. 	

 Moreover, the results of the meta-analysis also showed that rtPA is 

effective regardless of patient age, stroke severity.	



 Treatment with intravenous alteplase within 4.5 hours of acute ischemic 

stroke onset is associated with a slightly increased early risk of intracerebral 

hemorrhage, which is anyway outweighted by its benefits ( Whiteley WN. et al. 

2012 and 2016).	

 For all these reasons, rtPA should be proposed as the first treatment in 

all eligible patients with acute ischemic stroke who present within 4.5 hour since 

onset.	

 Exclusion criteria for rtPA are all the situations leading to an increased 

risk of hemorrhage: recent (within 3 months) intracranial or intraspinal surgery 

or serious head trauma; presence of intracranial conditions that may increase 

the risk of bleeding; known bleeding diathesis; previous stroke within 3 months; 

arterial puncture at a non-compressible site in previous 7 days; uncontrolled 

hypertension at time of treatment (eg, >185 mm Hg systolic or >110 mm Hg 

diastolic); multilobar cerebral infarction (hypodensity >1/3 of the cerebral 

hemisphere); known bleeding diathesis including but not limited to current use 

of oral anticoagulants with an INR >1.7 (or PT >15 seconds), current use of 

direct thrombin inhibitors or direct factor Xa inhibitors with elevated sensitive 

laboratory tests; administration of heparin within 48 hours preceding the onset 

of stroke with an elevated aPTT greater than the upper limit of normal,  platelet 

count <100,000/mm3.	

 1.5.2 Mechanical thrombectomy 



 Mechanical thrombectomy (MT) is a recent approach fo acute ischemic 

stroke, and its use, through second-generation intra-arterial devices is safe and 

effective for reducing disability, and superior to standard treatment with 

intravenous rtPA alone for the treatment of acute ischemic stroke. This 

treatment is indicated for acute strokes with a documented large artery 

occlusion in a large intracranial vessel.	

 Five multicenter, randomized controlled trials were conducted on MT 

since 2015: MR CLEAN (Berkhemer OA. Et al. 2015), ESCAPE (Goyal M. et 

al. 2015), SWIFT PRIME (Saver JL. et al. 2015), EXTEND-IA (Campbell BC. 

et al. 2015), and REVASCAT (Jovin TG. et al. 2015). They all demonstrated 

the efficacy and safety of MT administered in acute ischemic strokes within 6 

hours from symptoms onset, with regard of 90-days disability; moreover, the 

procedure does not increase the risk for symptomatic intracranial hemorrhage 

or 90-day mortality.	

 More recent trials focused on patients whose stroke onset was >6 hours 

or not known; these trials focused on patients selected with advanced 

neuroimaging to assess a mismatch between critically-injured brain tissue and 

salvageable ischemic penumbra. The DAWN trial (Nogueira RG. Et al. 2018) 

enrolled patients with acute stroke and occlusion of the intracranial internal 

carotid artery or the proximal middle cerebral artery who were last known to be 

normal 6 to 24 hours earlier; all the patients had a mismatch between the 

severity of the neurologic deficit measured by the NIHSS and the infarct volume 



measured using diffusion-weighted MRI or perfusion CT. The trial resulted 

positive for higer rate of functional independence (defined as a modified Rankin 

scale score of 0 to 2) in the thrombectomy group compared with the control 

group. The DEFUSE 3 trial enrolled patients with ischemic stroke due to 

occlusion of the proximal middle cerebral artery or internal carotid artery who 

were last known to be well 6 to 16 hours earlier (Albers GW. et al. 2018), with 

an infarct size of <70 mL and a ratio of ischemic tissue volume to infarct volume 

of ≥1.8, measured at diffusion-weighted MRI or CT perfusion imaging. 

Functionally independence, defined as a modified Rankin scale score of 0 to 

2, was higher in the endovascular therapy group compared with medical 

therapy alone.	

 

1.6 Antiaggregation in the acute phase of stroke	

 After reperfusion therapy with rtPA and/or mechanical thrombectomy, the 

therapy for the acute phase of ischemic stroke is based on antiplatelet agents, 

which are effective for the prevention of recurrence. Aspirin (50 to 100 mg 

daily), clopidogrel (75 mg daily), and the combination of aspirin and extended 

release dipyridamole (25 mg/200 mg twice a day) are all feasible options for 

preventing recurrence of non-cardioembolic ischemic stroke, and recent 

evidences suggest that aggressive treatment with clopidogrel 600 mg + aspirin 

100 mg at admission, followed by clopidogrel 75 mg + aspirin 100 mg for one 



month can be more effective in preventing early recurrence in TIA and minor 

strokes (Johnston SC. et al. 2018).	

 In patients with stroke and atrial fibrillation, acute antithrombotic therapy 

may be warranted both to reduce disability and the risk of early recurrent 

stroke; at the same time, it seems to be reasonable to transiently stop 

anticoagulation in consideration of the high risk of hemorrhagic transformation 

of these patients.	

	

 

  



Chapter 2. Atrial fibrillation and cardioembolic stroke	

 

2.1 Prognosis of cardioembolic ischemic stroke	

Cardiac embolism accounts for approximately 20% of ischemic strokes, 

and nonvalvular atrial fibrillation (NVAF) is the most common source of 

cardioembolic ischemic stroke, causing 10%–12% of all ischemic strokes 

(Goldstein LB. et al. 2011; Flint AC. et al. 2012) and 25% of strokes in patients 

older than 80 years. 

A report comparing ischemic stroke in patients with AF and those with 

carotid disease from two major trials found that the ratio of hemispheric to 

retinal events was 25:1 with AF compared with 2:1 with carotid disease 

(Anderson DC. et al. 2002).	

Moreover, AF is associated with longer transient ischemic attacks (TIAs) 

than carotid disease (Harrison MJ and Marshall J. 1984), and it has been 

recently observed that longer TIAs are more often associated with diffusivity 

restriction in acute MRI, thus suggesting that they should be classified as minor 

strokes according to the revised American Heart Association definition (Easton 

JD. et al. 2009).	

All these data suggest that AF is associated with more severe ischemic 

strokes at presentation and with worse outcome both in terms of disability and 

mortality than those who have an ischemic stroke in the absence of AF, even 



after adjustment for the advanced age of patients with AF-related stroke (Lin 

HJ. et al. 1996; Jørgensen HS. et al. 1996; Lamassa M. et al. 2001). 

AF is also associated with silent cerebral infarctions and TIAs (Ezekowitz 

MD. et al. 1995; Kempster PA. et al. 1988; Cullinane M. et al. 1998), even in 

patients under oral anticoagulation. 

On the other side, ischemic stroke in anticoagulated AF patients are 

typically smaller and carry a lower burden of mortality compared with not 

anticoagulated ones (Hylek EM. et al. 2003). 	

It is reasonable to assume that microembolization is common in AF 

patients, even despite oral anticoagulant therapy, but also that recurrence of 

ischemic stroke in treated AF patients may be due to small-size emboli and to 

a higher rate of strokes caused by other mechanisms, mainly by cerebral small 

artery disease (Hylek EM. et al. 2003).	

Not only the long-term risk of ischemic stroke is higher in NVAF patients. 

In fact, the risk of an early recurrence of ischemic stroke, defined as a new 

stroke of presumed embolic origin, occurring within the first 2 weeks from an 

index event, is significantly higher in patients with NVAF than in strokes of other 

origins, with estimated rates ranging between 0.1% and 1.3% per day (Lin HJ. 

et al. 1996; Jørgensen HS. et al. 1996). 

 

 



2.2 Risk of hemorrhagic transformation in cardioembolic stroke	

Hemorrhagic transformation (HT), is a complication of acute ischemic 

stroke associated with poor long-term outcomes (Lei C. et al. 2014).  

HT is the appearance of blood in the context of an ischemic lesion, and 

is usually defined as as any degree of hyperdensity within the area of low 

attenuation at brain CT scan, and which was not visible in the first acute CT 

scan (Wolpert SM. et al. 1993). On MRI, HT is defined as hypointensity on axial 

T1-weighted (T1W) or T2-weighted (T2W) images.	

 

2.2.1 Classification of hemorrhagic transformation	

The classification of HT distinguishes 4 degrees of HT (Wolpert SM. et 

al. 1993; Paciaroni M. et al. 2008):	

• Hemorrhagic infarction type 1 (HI 1), characterized by small 

hyperdense petechiae; 

• Hemorrhagic infarction type 2 (HI 2), characterized by confluent 

hyperdensity throughout the infarct zone without mass effect; 

• Parenchymal hematoma type 1 (PH 1), a homogeneous hyperdensity 

with mass effect which occupy less than 30% of the infarct zone;  

• Parenchimal hematoma type 2 (PH 2), a homogeneous hyperdensity 

occupying more than 30% of the infarct zone, with significant mass 

effect. 



HT can be either spontaneous or associated with acute reperfusion 

therapies, and in major clinical trials on thrombolysis, it was considered to be 

symptomatic if associated with an increase of 4 points or more in the NIHSS 

score (Hacke W. et al. 2008).	

 Different determinants have been investigated for their association with 

HT; its incidence depends on many factors, such as age, blood glucose level, 

the use of thrombolytic therapy, and time window between stroke onset and 

start of the therapy (Jaillard A. et al. 1999; Kidwell CS. et al. 2002; The NINDS 

t-PA Stroke Study Group 1997).  

The rate of spontaneous HT ranges from 13% to 43% for asymptomatic 

ones, and from 0.6% to 20% for symptomatic ones; therapy with rtPA increases 

the risk of HT, with rates ranging from 4.5 to 39.6% for asymptomatic HT and 

from 5.2 to 7.3% for symptomatic HT (Sussman ES. et al. 2013; Zhang J. et al. 

2014); this data are from the major clinical trials on IV thrombolysis, which 

included only MCA strokes. A large cohort of consecutive patients with acute 

ischemic stroke found the incidence of HI to be about 9%, whereas that of PH 

was about 3% (Paciaroni M. et al. 2008). 

HT in posterior circulation strokes are derived by observational studies 

on small cohorts of patients; one of these studies has reported posterior 

circulation strokes to have a lower risk of spontaneous HT in comparison to 

anterior circulation ones (Valentino F. et al. 2017). A second study has reported 

a lower degree of HT after any kind of reperfusion therapy in posterior 



circulation strokes (Lee M. et al. 2012), and its authors suggested that the lower 

risk of HT can be attributable to the smaller size of posterior circulation strokes 

and to the different anatomy of collateral circulation, being the majority of 

posterior strokes caused by occlusion of terminal perforating arteries. 

 

2.2.2 Risk factors for hemorrhagic transformation	

The following risk factors for HT have been identified and studied (Zhang 

J. et al. 2014): 

• Dimension of the ischemic stroke: there is a positive correlation between 

the stroke area and the incidence of HT (Tan S. et al. 2014; Terruso V. 

et al. 2009) with risk remarkably increasing in case of massive infarction 

(Wang BG. et al. 2014; Kerenyi L. et al. 2006). The phenomenon is due 

also to the presence of oedema, which causes compression of the 

peripheral vasculature, and thus increases the risk of HT after its 

resolution. 	

• Area of stroke: HT often occurs in the cerebral cortex and in grey matter, 

because these areas are full of collateral vessels which can cause a 

reperfusion injury.	

• NIHSS score: higher NIHSS is a predictor of larger strokes, thus it is also 

a predictor of HT (Kidwell CS. et al. 2002). 



• Hyperglycemia: elevated blood glucose in the setting of ischemic stroke 

can be an expression of either diabetes mellitus (already diagnosed or 

not), or a stress response to the acute clinical situation. Whatever the 

cause, hyperglycemia has been related to an increased risk of HT both 

in experimental animal models of stroke (Xing Y. et al. 2011) and in 

clinical trials (Paciaroni M. et al. 2008). Hyperglycemia during acute 

ischemic stroke predisposes to PH with a linear relationship (Paciaroni 

M. et al. 2009). The proposed mechanism of hyperglycemia is the 

hypoxia and malnutrition of the artery wall, and the inhibition of the 

autoregulation of cerebral vessels with increased stiffness, all factors 

promoting degeneration and necrosis. 

• Lower total cholesterol levels and LDL-cholesterol levels are associated 

to HT (Nardi K. et al. 2011; Bang OY. Et al. 2007; D’Amelio M. et al. 

2011), with a mechanism not yet established.  

• Lower platelet count is a risk factor for early HT in patients with non-

lacunar ischemic stroke (Prodan CI. et al. 2010). 

• Collateral vessels: the presence of good collaterals favours the ischemic 

penumbra, and thus it limits the size of stroke. Once again, with poor 

collaterals stroke size are greater and the frequency of HT higher (Bang 

OY et al. 2011). 

• IV rt-PA:  thrombolytic treatment is independently associated with HT 

(Paciaroni M. et al. 2008).  



• Atrial fibrillation:  AF is associated with larger size of ischemic strokes 

and thus with an increased risk of HT (Tan S. et al. 2014, Nogueira RG. 

et al. 2014) and worse outcome (Lee JH. Et al. 2010). Some studies also 

found a correlation between the volume of oedema at baseline CT scan 

in cardioembolic stroke, with a risk of about 95% in case of >10 cm3 (Tu 

HT. et al.2013).	

 

2.3 Effect of hemorrhagic transformation on outcomes	

Previous studies suggest that HT does not have a serious negative 

effect on the clinical outcome in the majority of stroke patients. Quite the 

opposite, mild to moderate HT can represent a sign of successful treatment 

and vascular recanalization (Kablau M. et al. 2011). However, some other 

data suggest that the prognosis is dependent on the type of HT, and that 

PH2 is a significant predictor of early neurological deterioration and higher 

mortality at 3 months (Sussmann ES. et al. 2013; D’Amelio M. et al. 2014; 

Fiorelli M. et al. 1999). 

  



Chapter 3. Anticoagulation in secondary stroke prevention	

 

3.1 Anticoagulation	

 Oral anticoagulant therapy (OAC) is the treatment of choice for 

secondary prevention of stroke in patients with nonvalvular atrial fibrillation 

(NVAF). The currently approved OACs are vitamin K antagonists (VKAs) and 

non vitamin K-based antagonist oral anticoagulants (NOACs). 

Atrial fibrillation is the most common cause of cardioembolic stroke, but 

there are other potential cardiac sources of embolism for which anticoagulation 

therapy may be indicated in select cases. Among them:  

• Mechanical heart valves and a subpopulation of high-risk patients with 

bioprosthetic valves 

• Left ventricular thrombus 

• Dilated cardiomyopathy with reduction of ejection fraction 

• Rheumatic valve disease 

• Recent myocardial infarction in high-risk patients 

Long-term anticoagulation with warfarin, dabigatran, rivaroxaban, 

apixaban or edoxaban is highly effective in reducing the rate of ischemic 

recurrence after an index ischemic stroke in AF patients. However, their use is 

also associated with an increased risk of major bleeding.   



3.1.1 Warfarin	

 A pooled analysis of six randomized trials on patients with stroke and AF 

demonstrated that aspirin alone does not adequately protect against ischemic 

recurrence, with a stroke risk of approximately 10% per year (van Walraven C. 

et al. 2002); while, treatment with adjusted-dose warfarin (with target 

international normalized ratio 2 to 3) reduced this risk to 4% per year.	

Another analysis from the European Atrial Fibrillation Trial (EAFT) and 

Stroke Prevention in Atrial Fibrillation (SPAF) III of 834 patients with prior 

nondisabling ischemic stroke at study entry found similar results; in particular 

this analysis found that the long-term risk of recurrent stroke was lower in 

patients with a prior TIA than in those with a completed ischemic stroke (Hart 

RG. et al. 2004), and that the reduction in stroke recurrence risk with warfarin 

therapy was lower than the risk with aspirin in both groups: 3% versus 7% per 

year with aspirin in patients with a TIA and 4% versus 11% per year in ischemic 

stroke.	

 

3.1.2 Dabigatran	

 Dabigatran is a direct thrombin (factor II of the coagulation cascade) 

inhibitor and was the first drug, among non vitamin-K anticoagulants, approved 

in NVAF patients.	



The drug was compared with adjusted-dose warfarin in a trial of non-

inferiority involving over 18,000 AF patients, the RE-LY study (Connolly SJ. et 

al. 2009) with two dosages: 110 mg twice a day and 150 mg twice a day. 

 Dabigatran, at the dosage of 110 mg, resulted non-inferior to warfarin in 

the prevention of ischemic stroke, and safer in respect to major extra and 

intracranial bleedings; at the dosage of 150 mg it resulted superior to warfarin, 

with a comparable risk of hemorrhage. The two tested dosages are currently 

approved for secondary prevention of stroke in NVAF patients.	

 

3.1.3 Rivaroxaban	

 Rivaroxaban is an inhibitor of the activated factor X of the coagulation 

cascade (Xa), and was compared with adjusted-dose warfarin in the ROCKET 

AF trial of over 14,000 patients. The drug was found to be non-inferior (1.7 

versus 2.2 percent per year, respectively) with regard to the primary composite 

end point of stroke or non-central nervous systemic embolism (Patel MR. et al. 

2011). 

Similar to the entire cohort, there was no significant difference in the 

primary composite outcome between rivaroxaban and in the subgroup of 

patients (52%) with prior stroke (2.79% versus 2.96% per year) (Hankey GJ. et 

al. 2012).	

 



3.1.4 Apixaban	

 Apixaban is an Xa inhibitor which was tested in a non-inferiority trial 

against warfarin in the ARISTOTLE trial involving over 18,000 patients. 

 Apixaban resulted being superior to warfarin in preventing stroke or 

systemic embolism (1.3% versus 1.6%), and caused less major bleeding (2.1% 

versus 3.1%), resulting in a lower overall mortality (3.5% versus 3.9%) 

(Granger CB. et al. 2011).  

Among the 3,436 subjects with a prior stroke or TIA, there was no 

significant difference in stroke and systemic embolism between apixaban and 

warfarin (apixaban 2.5% versus warfarin 3.2%).  

 

3.1.5 Edoxaban	

Edoxaban, the most recent Xa inhibitor currently approved for secondary 

prevention of stroke in NVAF, was compared to warfarin in the ENGAGE TIMI 

48 trial of over 21,000 patients (Giugliano RP. et al. 2013).  Edoxaban was 

found to be non-inferior to warfarin with regard to the primary efficacy endpoint, 

and caused less bleeding. Outcomes were similar in the subgroup of patients 

with prior stroke or transient ischemic attack as in the entire cohort. 

 

 

3.2 Differences between vitamin k-based and direct oral anticoagulants 



 Warfarin and other vitamin k-based oral anticoagulants (VKAs) are 

slower than NOACs in reaching the therapeutic target dose, and their efficacy 

is measured through international normalized ratio (INR), as the effect is 

reached through an inhibition of vitamin-K dependent coagulation factors, 

which causes a prolongation of prothrombin time (PT). Different factors, 

including genetic ones (i.e. enzymatic polymorphisms) and environmental ones 

(i.e. diets, gastrointestinal flora) influence the bioavailability of warfarin, and 

thus its dosage and the rapidity in reaching the therapeutic INR.	

 On the other hand, the advantages of NOACs are their rapidity of action 

(2-3 hours for dabigatran, 2-4 hours for rivaroxaban, 3-4 hours for apixaban, 1-

2 hours for edoxaban 1-2 hours) and their fast reversal, similar to heparin in 

that respect. Moreover, their standard dosages do not require titration, whereas 

VKAs do.  

 

3.3 Heparin in acute ischemic stroke 

The use of heparin in acute ischemic stroke has a controversial story. 

After empiric use of unfractioned heparin (UFH), the International Stroke Trial 

(IST, 1997) and the Trial of ORG 10172 in Acute Stroke Treatment (TOAST, 

1998) evaluated the use of heparin in the acute phase of stroke. In the IST trial, 

patients were randomized to receive low-dose heparin (5000 mg twice daily) 

or medium-dose heparin (12,500 mg twice daily) and either aspirin (300 mg 

daily) or placebo for 14 days or until discharge; it was observed that patients 



on heparin had significantly fewer recurrent ischemic strokes within 14 days 

but also a significant increase in hemorrhagic transformation.       

Subsequent large randomized trials confirmed the results of the IST 

(Bath PM et al. 2001; Wong KS et al. 2007; Diener HC et al. 2001) and a 

Cochrane review on 11 trials with over 2000 patients demonstrated an 

increased risk for fatal intracranial hemorrhages in patients treated with acute 

anticoagulation (Sandercock PAG et al. 2009). 

A recent meta-analysis on seven trials evaluated patients with acute 

cardioembolic stroke who received anticoagulation (either UFH, LMWH, or 

heparinoid) within 48 h of stroke onset, and found a non-significant reduction 

in early stroke recurrence (within 7–14 days), but a significant increase in the 

risk of symptomatic brain hemorrhage, and no significant difference in death or 

disability at 3 months. Moreover, in the same meta-analysis, patients taking 

aspirin in the first 14 days after stroke had a reduced risk of death and disability 

in comparison to those under heparin (Paciaroni M. et al. 2007).  

Current international guidelines do not recommend any kind of heparin 

or heparinoid in acute stroke care (ASA/AHA 2018; ESO 2008). 

With regard of cardioembolic stroke due to atrial fibrillation, a subgroup 

analysis of the IST trial found that heparin reduced ischemic stroke recurrence, 

but also increased the risk of hemorrhagic transformation, without adding a 

benefit in 6-month functional outcome (Saxena R. et al. 2001), and both the 

TOAST and TAIST trials found no difference in outcome between patients with 

acute anticoagulation and those without (TOAST, 1998; Bath PM et al. 2001). 



However, it can be argued that some subgroups of patients at high 

risk could benefit from immediate anticoagulation; for example those with a 

visible left atrial appendage thrombus, reduced atrial appendage emptying 

velocities, or spontaneous contrast on their echocardiogram, indicating high 

thrombotic potential (The Stroke Prevention in Atrial Fibrillation Investigators 

Committee on Echocardiography, 1998; Mügge A. et al. 1994; Black IW et 

al. 1991; Vincelj J. 2002), or those who have other factors associated to AF, 

such as left ventricle thrombus or mechanical heart valves (Ruff IM. et al. 

2015). 

 

3.4 When to start anticoagulation after ischemic stroke 

The relatively high risk of early ischemic recurrence (see chapter 2) in the 

first days after ischemic stroke in AF patients addresses the issue of the correct 

time to start or resume oral anticoagulation; on the other side, the same 

patients also have an increased risk of early hemorrhagic transformation (see 

chapter 2). 

An analysis retrospectively conducted on the VISTA database confirmed 

that the early use of anticoagulants within 2–3 days after stroke were 

associated with a significant reduction of stroke recurrence over the following 

weeks, without an increased risk of symptomatic intracerebral bleedings; this 

was also true for antiplatelet therapy, but with a minor effect (5). 



The guidelines of European Society of Cardiology (ESC) empirically 

suggest to introduce oral anticoagulant therapy between 1 and 12 days after 

an ischemic stroke, considering stroke severity (Heidbuchel H. et al. 2013). In 

case of TIA (confirmed by negative DWI at brain MRI), anticoagulation can be 

started immediately or continued in previously treated patients. In case of mild 

stroke (NIHSS <8) anticoagulation can be started after 72 hours; in case of 

moderate stroke (NIHSS 8 – 15) after 6 days, and in case of severe stroke 

(NIHSS ≥16) after 12 days. In the case of moderate or severe strokes, ESC 

guidelines also suggest to perform a control brain imaging (preferably MRI) at 

day 6 or 12, respectively, to evaluate the presence of HT before starting 

anticoagulation (Kirchhof P. et al. 2016). 

In the absence of large randomized trials, the optimal time to start oral 

anticoagulation has been addressed by two recent prospective, observational 

studies, RAF and RAF NOACs.	

 

3.4.1 The RAF study	

 The Early Recurrence and Cerebral Bleeding in Patients With Acute 

Ischemic Stroke and Atrial Fibrillation (RAF) trial (Paciaroni M. et al. 2015) was 

an international prospective multicentric study which enrolled 1029 patients 

with acute ischemic stroke and AF. The aims of the study were to evaluate at 

90 days from the acute event the following endpoints: 



(1) the risk of recurrent ischemic embolic event and severe bleeding (both 

intra and extracranial);  

(2) the risk factors associated with ischemic stroke recurrence, systemic 

embolism, and symptomatic cerebral bleeding;  

(3) the risk of recurrence and bleeding associated with anticoagulant 

therapy and its timing. 

Of the 1,029 enrolled patients, 123 had 128 events (12.6%). Of these 

events, 77 (7.6%) were ischemic strokes or transient ischemic attack or 

systemic embolism; 37 (3.6%) were symptomatic cerebral bleeding, and 14 

(1.4%) major extracranial bleeding.  

Using the adjusted Cox regression analysis, the RAF study found that 

starting anticoagulants 4 to 14 days after stroke onset was associated with a 

significant reduction in primary study outcome, compared with treatment 

started before 4 or after 14 days, with a hazard ratio of 0.53 (95% confidence 

interval 0.30–0.93).  

The RAF study also observed that high CHA2DS2-VASc score, higher 

NIHSS at admission, large ischemic lesions; and type of anticoagulant 

administered were all independent factors for a greater risk of both ischemic 

recurrence and bleedings.  



Finally, it was observed that, patients treated with oral anticoagulants 

alone had better outcomes compared with patients treated with low molecular 

weight heparins alone or before oral anticoagulants.  

 

3.4.2 The RAF NOACs study	

In the RAF study, <10% of the patients were treated with NOACs. Since 

the use of NOACs is becoming more frequent, and these drugs appear to be 

safer than VKAs with respect to warfarin (see above), another trial focused on 

its use after ischemic stroke. 

The Early Recurrence and Cerebral Bleeding in Patients With Acute 

Ischemic Stroke and Atrial Fibrillation Treated With Non–Vitamin-K Oral 

Anticoagulants (RAF-NOACs) was an international, prospective, 

observational, multicentric study in patients with acute stroke and AF treated 

with NOACs (Dabigatran, Rivaroxaban and Apixaban; Edoxaban was not yet 

available for commercial use at the time of enrolment) for secondary prevention 

(Paciaroni M. et al. 2017). Like the RAF study, the RAF NOACs study 

evaluated, the following endpoints at 90 days:  

(1) the rates of recurrence of ischemic embolic events and severe 

bleedings (both intra- and extracranial) and their timing; 



(2) the risk factors associated with ischemic stroke recurrence, systemic 

embolism, symptomatic intracranial bleeding, and severe extracerebral 

hemorrhage. 

The study enrolled 1,127 patients: 381 (33.8%) were treated with 

dabigatran, 366 (32.5%) with rivaroxaban, and 380 (33.7%) with apixaban. 

32 patients (2.8%) had an early ischemic recurrence, and 27 (2.4%) had 

a major bleeding. The study observed that patients who started NOACs within 

2 days after acute stroke had a composite rate of ischemic recurrence and 

major bleeding of 12.4%, versus 2.1% of patients who initiated NOACs 

between 3 and 14 days and 9.1% of those who initiated >14 days after acute 

stroke.	  



Chapter 4. Experimental work	

 

4.1 Introduction 

Oral anticoagulant therapy (OAC) is the treatment of choice for 

secondary prevention of stroke in patients with nonvalvular atrial fibrillation 

(NVAF). The currently approved OACs are vitamin K antagonists (VKAs) and 

non-vitamin K antagonist oral anticoagulants (NOACs). VKAs are slower than 

NOACs in reaching the therapeutic target dose, and their efficacy is measured 

through international normalized ratio (INR), as the effect is reached through 

an inhibition of vitamin-K dependent coagulation factors, which causes a 

prolongation of prothrombin time (PT) and INR. In some cases, temporary 

therapy with full-dose low molecular weight heparin (LMWH) can be given 

alongside warfarin until the therapeutic INR level is achieved; in this way, 

bridging therapy may protect against a transient prothrombotic effect during 

initiation of OAC treatment (Douketis JD et al. 2012).  

The advantages of NOACs are their rapidity of action (2-3 hours for 

dabigatran, 2-4 hours for rivaroxaban, 3-4 hours for apixaban, 1-2 hours for 

edoxaban) and fast reversal, similar to heparin in that respect. Moreover, their 

standard dosages do not require titration, whereas VKAs do.  

Despite evidence that full-dose LMWH can be harmful in acute stroke 

care (Paciaroni M. et al. 2007) in particular in the presence of atrial fibrillation 

(Whiteley WN. et al. 2013), there are still anecdotal reports of its use in selected 



patients (Al-Sadat A. et al. 2002; Caplan LR. 2003). Mostly, acute heparin 

treatment is used as bridging therapy until the therapeutic range of OACs is 

achieved, so-called bridging therapy (Douketis JD et al. 2012). 

By using data from the prospective RAF (Paciaroni M. et al. 2015) and 

RAF-NOACs (Paciaroni M. et al. 2017) studies, we aimed to evaluate 1) clinical 

profiles of patients who underwent and who did not undergo bridging therapy; 

2) any differences in overall group outcomes; 3) any differences between 

overall group outcomes according to type of OAC prescribed. 

 

4.2 Patients and methods 

We analyzed the data of patients from the prospective RAF and RAF 

NOACs studies that enrolled consecutive patients with acute ischemic stroke 

and NVAF. The methods and results of the RAF studies have been previously 

described in detail (Paciaroni M. et al. 2015 and 2017). Both studies were 

approved by the local Institutional Review Board (IRB), if required. Patient 

exclusion criteria for both studies were: high risk of bleeding, defined as 

clinically significant liver disease (acute or chronic hepatitis, cirrhosis, or 

alanine aminotransferase level greater than three times the upper limit of 

normality), creatinine clearance (CrCl) <30 mL/min (for apixaban the threshold 

was 25 mL/min), life expectancy of <3–6 months, the presence of uncontrolled 

hypertension (James PA. et al. 2014), and the ongoing prescription of 

medications having known metabolic interactions with any type of OACs.  



A non-contrast cerebral computed tomography (CT) or cerebral magnetic 

resonance (MR) scan was performed on admission for each patient, to exclude 

for the presence of intracranial hemorrhage. Thrombolysis treatment was 

administered according to standard protocol, when appropriate. All of the 

participating centers provided Stroke Unit Care according to current 

international recommendations for acute ischemic stroke treatment (European 

Stroke Organisation (ESO) Executive Committee. 2008; Powers WJ. Ee al. 

2015; Jauch EC. et al. 2013). Stroke physicians were free to make decisions 

on the type of anticoagulant to be used for secondary prevention, as well as its 

starting time. 

NVAF was classified as paroxysmal (episodes terminating 

spontaneously within 7 days), persistent (episodes lasting more than 7 days 

requiring pharmacologic and/or electrical stimulation), or permanent (persisting 

for more than 1 year, either because cardioversion failed or had not been 

attempted) (Fuster V. et al. 2006).  

A second brain CT scan or MR was performed 24-72h from stroke onset 

for all patients. Hemorrhagic transformation (HT) was defined on CT scan as 

any degree of hyperdensity within the area of low attenuation, and was 

classified as either hemorrhagic infarction (HI) or parenchymal hematoma (PH) 

(Wolpert SM. et al. 1993; Paciaroni M. et al. 2008). On MRI, HT was defined 

as hypointensity on axial T1-weighted (T1W) or T2-weighted (T2W) images. 

HT was considered to be symptomatic if it was associated with an increase of 

4 points or more in the NIHSS score and there was no evidence of intracranial 



bleeding on the first CT (Hacke W. et al. 2008). The sites and sizes of the 

qualifying infarcts were determined based on standard templates (Tatu L. et al. 

1996 and 1998) as: 1) small, when a lesion was ≤1.5 cm in the anterior or 

posterior circulation; 2) medium, when a lesion was in a cortical superficial 

branch of middle cerebral artery [MCA], in the MCA deep branch, in the internal 

border zone territories, in a cortical superficial branch of posterior cerebral 

artery [PCA], in a cortical superficial branch of the anterior cerebral artery 

[ACA]); 3) large anterior, when a lesion involved the complete territory of MCA, 

PCA, or ACA, in 2 cortical superficial branches of MCA, in a cortical superficial 

branch of MCA associated to the MCA deep branch, or in more than 1 artery 

territory (e.g. MCA associated to ACA territories); 4) large posterior, when a 

lesion was ≥1.5 cm in the brain stem or cerebellum (Paciaroni M. et al. 2008). 

For the purpose of this analysis bridging therapy was defined as any 

temporary full-dose of LMWH (e.g. 100 UI/kg of enoxaparin twice a day) started 

together with or before VKAs, in order to cover the time needed by the latter to 

reach the therapeutic effect (Douketis JD et al. 2012), or as any full-dose (for 

at least 24 hours) of LMWH prior to the use of a NOAC. 

 

 

 

4.2.1 Risk factors 

Data on stroke risk factors were collected as previously described 

(Paciaroni M. et al. 2015 and 2017): age, gender, history of hypertension (blood 



pressure of ≥140/90 mm Hg at least twice before stroke or already under 

treatment with antihypertensive drugs), history of diabetes mellitus (fasting 

glucose level ≥126 mg/dL preprandial on 2 examinations, glucose level ≥200 

mg/dL postprandial, or HbA1c≥6.5%, or under antidiabetic treatment), current 

cigarette smoking, past smoking (cessation less than 5 years ago), 

hyperlipidemia (total cholesterol ≥200 mg/dL or triglyceride ≥140 mg/dL or 

already under lipid lowering therapy), history of symptomatic ischemic heart 

disease (myocardial infarction, history of angina or existence of multiple lesions 

on thallium heart isotope scan or evidence of coronary disease on coronary 

angiography), history of symptomatic peripheral arterial disease (intermittent 

claudication of presumed atherosclerotic origin; or ankle/arm systolic blood 

pressure ratio <0.85 in either leg at rest; or history of intermittent claudication 

with previous leg amputation, reconstructive surgery, or angioplasty), alcohol 

abuse (≥300 g per week), obesity (body mass index ≥30 kg/m2), or previous 

stroke/TIA). White matter changes (leukoaraiosis defined on the first CT (or 

MRI) examination as ill-defined and moderately hypodense (or hyperintensity 

on T2-weighted on MRI) areas of ≥5 mm according to published criteria) were 

investigated (Wahlund LO. et al. 2001). Leukoaraiosis in the deep white matter 

was dichotomized into absent versus mild, moderate, or severe. Other baseline 

variables obtained at admission for all patients included: fasting serum glucose, 

fasting serum cholesterol (total, HDL, and LDL), platelet count, international 

normalized ratios (INR), activated partial thromboplastin time (aPTT), systolic 

blood pressure, and diastolic blood pressure. 



Data on the use of any antiplatelet, anticoagulants or thrombolytic agent, 

prior to admission, at baseline and during the follow-up period, were recorded. 

The CHA2DS2-VASc score was calculated before and after the index event (Lip 

GY et al. 2010). 

 

4.2.2 Evaluation of Outcomes 

Patients were followed-up prospectively by face-to-face or telephone 

interviews. Study outcomes at 90 days were: 1) recurrent ischemic 

cerebrovascular events (stroke or TIA) and/or symptomatic systemic 

embolisms; 2) symptomatic cerebral bleedings and/or major extra-cerebral 

bleedings. 

The primary study outcome was the composite of stroke, TIA, systemic 

embolism, symptomatic cerebral bleeding and major extra-cerebral bleeding 

(Paciaroni M. et al. 2015 and 2017). HTs found on neuroimaging 24-72 hours 

after onset were not considered outcome events, unless classified as 

symptomatic.  

Stroke was defined as the sudden onset of a new focal neurological 

deficit of vascular origin in a site consistent with the territory of a major cerebral 

artery and categorized as ischemic or hemorrhagic. TIA was defined as a 

transient episode of neurological dysfunction caused by focal brain ischemia 

without acute infarction. Systemic embolism was defined as an acute vascular 

occlusion of an extremity or organ confirmed by imaging, surgery, or autopsy. 

Cerebral bleeding was considered symptomatic if associated with a decline in 



neurological status (an increase of 4 points or more in the NIHSS score or 

leading to death). Major extra-cerebral bleeding was defined as a reduction in 

the haemoglobin level of at least 2 g per deciliter, requiring blood transfusion 

of at least 2 units, or symptomatic bleeding in a critical area or organ (Schulman 

S. and Kearon C. 2005).  

Disability and mortality at 90 days were also assessed using the modified 

Rankin Scale (mRS). Non-disabling functional outcome was defined as an 

mRS score of 0-2. 

 

4.3 Statistical analysis 

Differences in patient characteristics between the two groups (bridging 

vs non-bridging therapy) were assessed by means of the Chi square test. 

Univariate analysis was performed to compare clinical features at admission 

and their risk factors. The two continuous variables, NIHSS score and age, are 

reported as mean values and standard deviations (SD). Whereas, categorical 

variables are reported as percentages.   

Multivariate logistic regression was performed to investigate independent 

variables and their possible correlations with the bridging therapy. The 

variables included in the model were: NIHSS score, the presence of diabetes 

mellitus, arterial hypertension, dyslipidemia, paroxysmal AF, pacemaker; 

lesion size, leukoaraiosis, CHA2DS2VASc score after the event, as well as the 

histories of previous stroke or TIA, smoking habit, congestive heart failure 

and/or myocardial infarction. 



Univariate analysis was used to compare the combined outcomes of the 

two groups, for recurrence of ischemic stroke and occurrence of bleeding. The 

same analysis was performed to compare the combined outcomes of the two 

OAC regimens.  

The observed correlation between combined outcome (survival) and the 

set of variables was analyzed using the proportional Cox model; here all the 

variables included in our multivariate analysis were used. Patients were 

censored at the time of an outcome event, death or lost during follow-up. 

 

4.4 Results 

A total of 2,164 patients were enrolled in the RAF (n = 1,037) and RAF 

NOACs (n = 1,127) studies. Patients who had not started any kind of 

anticoagulation were excluded, as well as those who had been treated only 

with LMWH. This resulted in 1,821 patients, of whom another 11 were excluded 

due to incomplete data regarding the administration of OAC therapy. A further 

30 patients were lost during follow-up (Figure 1).  

After index acute ischemic stroke, 371/1,810 patients (20.49%) 

underwent bridging therapy with LMWH. 

OAC was initiated with warfarin for 561/1,780 patients (31.52%) and NOACs 

were started for 1,219/1,780 (68.48%). Mean NIHSS at admission was 7.2±6.3 

in the bridging group and 7.7±6.2 in the non-bridging group (p = ns).  

 



 

Figure 1: patients selection. VKA = vitamin k antagonists; NOACs = non-vitamin k oral 
anticoagulants; LMWH = low molecular weight heparin. 
 

 

 

 

 

 

4.4.1 Clinical characteristics of the bridging and non-bridging groups 

The bridging and non-bridging groups differed for age, sex, percentage 

of medium-sized lesions, of large anterior circulation lesions, and for the 

presence of leukoaraiosis (Table 1).  

1810	patients

1780	patients	
included

1409	OACs	
without	LMWH

310	VKA

1099	NOACs

371	bridging	
with	LMWH

251	VKA

120	NOACs

1219	NOACs
561 VKA

30	lost	on	
follow-up



 

 

Table 1: Clinical characteristics of study patients (n=1810). NIHSS = National Institute of Health 
Stroke Scale; AF = Atrial fibrillation; CHF = Congestive Heart Failure; MI = Myocardial Infarction; 
PAD = peripheral artery disease; PMK = pacemaker; HT = 

 

The mean ages were 73.0±9.7 years vs 76.1±9.4 years, respectively 

(p<0.001). Of the 371 bridging patients, 197 (53.1%) were male, while 663 

(46.1%) in the non-bridging group (p=0.017). In the bridging group, 153 

patients (41.2%) had medium-sized lesions vs 469 (32.6%) in the non-bridging 

group (p=0.010); large anterior lesions were present in 41 (11.1%) of bridging 

patients and 232 (16.1%) non-bridging patients (p=0.006). Leukoaraiosis was 

diagnosed in 143 (38.5%) and 786 (54.6%) patients, respectively (p=0.001). 

Bridging'therapy No'bridging'therapy p
(n'='371) (n'='1439)

Age$(years) 73.0±9.7 76.1±9.4 0.0001
Male$sex 197$(53.1%) 663$(46.1%) 0.017
NIHSS$at$admission$(median$+$IQR) 5$(IQR$9) $5$(IQR$10)$ $n.s.
Diabetes$mellitus 80$(21.6%) 297$(20.6%) n.s.
Hypertension 275$(74.1%) 1124(78.1%) n.s.
Dyslipidemia 118$(31.8%) 510$(35.4%) n.s.
Paroxysmal$AF 153$(41.2%) 656$(45.6%) n.s.
Smoking$habit 46$(12.4%) 140$(9.7%) n.s.
History$of$Stroke/TIA 84$(22.6%) 382$(26.5%) n.s.
History$of$CHF 74$(19.9%) 232(16.0%) n.s.
History$of$MI 48$(12.9%) 183$(12.7%) n.s.
History$of$PAD 40$(10.8%) 116$(8.1%) n.s.
PMK 21$(5.7%) 93$(6.5%) n.s.
HT$24U72$hrs 40$(10.8%) 135$(9.4%) n.s.
CHA 2 DS 2 UVASc$after$>4 255$(68.7%)$ 1094$(76.0%)$ p=0.03

Lesion'features
Small$lesion 153$(41.2%) 582$(40.4%) n.s.
Medium$lesion 153$(41.2%) 469$(32.6%) 0.010
Large$anterior$circulation$lesion 41$(11.1%) 232$(16.1%) 0.006
Large$posterior$circulation$lesion 15$(4.0%) 92$(6.4%) n.s.
Leukoaraiosis 143$(38.5%) 786$(54.6%) 0.0001

clinical&characteristics&of&patients&(n&=&1810)



At multivariate analysis, age (OR 0.97; 95% CI 0.95-0.98, p = 0.001) and 

leukoaraiosis (OR 0.60, 95% CI 0.47-0.78, p = 0.001) were inversely correlated 

with the use of bridging therapy (Table 2).  

 

 

 

Table 2: clinical features of patients correlated to the use of bridging therapy with LMWH at 
multivariate analysis. 
 

 

4.4.2 Outcomes in the bridging and non-bridging groups   

Overall, 42/371 bridging patients (11.3%) experienced the combined 

outcome, compared to 72/1,409 in the non-bridged group (5.1%) (p = 0.0001). 

Within the bridging group, 29/42 (69%, 7.8% of all outcomes) versus 44/72 

(61.11%, 3.1% of all outcomes) in the non-bridging group had an ischemic 

Age 0.97	(0.95	-	0.98) 0.0001
Male	sex 1.30	(0.98	-	1.74) n.s.
NIHSS	at	admission 0.99	(0.98	-	1.02) n.s.
diabetes	mellitus 0.92	(0.65	-	1.30) n.s.
Hypertension 0.87	(0.62	-	1.22) n.s.
Dyslipidemia 0.87	(0.66	-	1.13) n.s.
Paroxysmal	AF 0.78	(0.61	-	1.00) n.s.
smoking	habit 0.87	(0.59	-	1.30) n.s.
History	of	Stroke/TIA 0.84	(0.63	-	1.12) n.s.
History	of	CHF 1.15	(0.81	-	1.63) n.s.
History	of	MI 0.90	(0.60	-	1.33) n.s.
PMK 0.81	(0.48	-	1.37) n.s.
Large	anterior	circulation	lesion 0.68	(0.46	-	1.01) n.s.
Leukoaraiosis 0.60	(0.47	-	0.78) 0.0001
CHA2DS2-VASc	after 1.18	(1.00	-	1.40) n.s.

p

logistic	regression

OR	(95%	CI)



event, respectively. Major bleedings occurred in 19/42 patients (45.23%, 5.1% 

of all outcomes) in the bridging group and in 32/72 (44.44%, 2.3% of all 

outcomes) in the non-bridging group (p=0.08) (Table 3). 

 

 

Table 3: univariate analysis; differences in outcomes at 90 days between patients treated with 
bridging with LMWH and those without bridging therapy. 

 

In the multivariate analysis, bridging therapy was associated with 

combined outcome (OR 2.88; 95% CI 1.87-4.43, p < 0.0001), ischemic event 

(OR 3.08; 95% CI 1.83-5.19, p < 0.0001) and hemorrhagic event (OR 2.86; 

95% CI 1.52-5.37, p = 0.0001) (Table 4).  

 

 

 

 

Table 4: Multivariate analysis; differences in outcomes at 90 days between patients treated with 
bridging with LMWH and those without bridging therapy. 

 

Bridging Non	bridging p
(n	=	371) (n	=	1409)

combined	outcome 42	(11.3%) 72	(5.1%) 0.0001
ischemic	outcome 29	(7.8%) 44	(3.1%) 0.0001
hemorrhagic	outcome 19	(5.1%) 32	(2.3%) 0.008

Univariate	analysis	(n	=	1780)

OR	(95%	CI) p

Bridging	therapy	(combined	outcome) 2.88	(1.87	-	4.43) <0.0001
Bridging	therapy	(ischemic	outcome) 3.08	(1.83	-	5.19) <0.0001
Bridging	therapy	(hemorrhagic	outcome) 2.86	(1.52	-	5.37) 0.001

Logistic	regression



Figure 2 plots the cumulative hazard rates for the combined outcome, in 

respect to treatment group, according to Cox regression model (HR 1.62; 95% 

CI 1.02-2.60; p = 0.042).  

 

 

Figure 2: Cumulative risk of combined outcome according to Cox regression model. Blue line: 
patients treated with bridging therapy with LMWH.  Green line: patients treated without bridging 
therapy. HR 1.62; 95% CI 1.02-2.60; p = 0.042. 

4.4.3 Outcomes according to type of OAC used in the bridging and non-

bridging groups 

Out of the 1,780 included patients, 1,219 were treated with NOACs and 

561 with VKAs. Sixty-two (5.1%) and 52 (9.3%) patients, respectively, reached 

the combined outcome (p = 0.01); 35/1,219 (2.9%) and 38/561 (6.8%) had an 

ischemic outcome (p = 0.0001). The NOACs and VKAs groups did not differ 

for hemorrhagic events: 29/1,219 (2.4%) and 22/561 (3.9%), respectively. 



In the bridging group, 120 patients were treated with NOACs and 251 

with VKAs; in the non-bridging group, 1,099 patients were treated with NOACs 

and 310 with VKAs. Within each group, no statistically significant differences 

were observed in either the combined outcome or the hemorrhagic event rate 

according to the type of OAC used. However, a statistically significant 

difference was observed for the rate of ischemic events in the non-bridging 

group: 27 events (2.5%) in patients treated with NOACs vs 17 events (5.5%) 

in patients treated with VKAs (p = 0.015). 

When stratifying each group according to the type of OAC, no statistically 

significant differences were observed between and within each group in 

outcome rates. 

 

 

 

 

4.5 Discussion 

This combined analysis of the RAF and RAF NOAC studies suggests that 

full-dose LMWH, as a bridging therapy, resulted in an overall higher risk of early 

ischemic recurrence and intracranial symptomatic bleeding, independently of 

the type of OAC administered. However, we were not able to distinguish 

between either early or late symptomatic HTs, or new symptomatic intracranial 

bleedings; although it is reasonable to assume that the majority of hemorrhagic 

outcomes were HTs of the ischemic lesion. 



In patients receiving VKAs, the time needed to reach the therapeutic 

effect and the possibility to rapidly reverse the anticoagulant effect by stopping 

LMWH, may lead to the perception that LMWH is a safer and more efficacious 

option in subacute cardioembolic stroke patients. However, previous studies 

have reported on the risky profile of heparin in acute stroke patients (Paciaroni 

M. et al. 2007; Whiteley WN. et al. 2013), and it seems that its use is to be 

considered only in selected types of patients, not including cardioembolic 

stroke (Ruff IM. et al. 2015).  

Regarding NOACs, there is no need for bridging therapy as their 

pharmacodynamic profiles are similar to heparin, and yet, in our analysis 9.8% 

of patients treated with NOACs had received a LMWH bridging therapy. This 

was despite the fact that the same investigators had already access to the 

results of the RAF study, where patients treated with bridging therapy seemed 

to be having more combined outcome events (12.3% vs 7%) (Paciaroni M. et 

al. 2015).  

When comparing bridging versus non-bridging outcomes associated with 

OAC type, the risk profile associated with bridging appeared similar between 

NOACs and VKAs, therein suggesting that bridging therapy should be avoided 

particularly in patients who will be treated with NOACs in secondary prevention.  

An analysis of the patient profiles, indicated that older patients (76.1 vs 

73.0 years), those with leukoaraiosis and/or with large anterior circulation 

lesions were less likely to receive bridging therapy. This might reflect a routine 

use of LMWH in only selected cases, since leukoaraiosis and large infarct 



volume are clinical predictors of both symptomatic and asymptomatic HT (Tan 

S. et al. 2014; Kalinin MN. et al. 2017; Fierini F. et al. 2017), both spontaneous 

(Tan S. et al. 2014) and after thrombolytic therapy (Liu Y. et al. 2018). Our data 

were obtained from a real world setting, suggesting that clinical treatment 

strategies do not always comply with current international guidelines on this 

topic.  

A limitation of this analysis was that it was non-randomized, so it is 

possible that some confounding factors might have influenced the outcome 

results. We did not have information on the exact time points of LWMH and 

OAC initiation, nor when INR reached target level in warfarin-treated patients. 

Moreover, the sizes of the two groups were not equally represented, since only 

20.5% of patients underwent bridging therapy with LMWH. 

In conclusion, this analysis of 1,780 patients strongly suggests that, in 

agreement with current international guidelines, following an acute ischemic 

stroke in patients with AF, bridging therapy with full-dosage LMWH is not to be 

recommended. Our data argue for avoiding bridging therapy completely in 

these patients.  

  

 

1.   
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