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    Stroke is likely the neurological disease with the most relevant developments in all the research fields, from knowledge of the mechanisms leading to brain tissue death to codification of rehabilitation mainstays, through better definition of risk factors and consequent improvement of primary and secondary prevention, diagnosis with advanced imaging or by identification of genetic mechanisms in rare cases, treatments of the acute phase of ischemic events, with the well-established role of i.v. thrombolysis now backed up by combined endovascular treatments and with the potentialities of neuroprotection and neuroregeneration, or of iatrogenic hemorrhagic stroke, with the advent of antidotes for the new generation of direct oral anticoagulants.




    As a consequence, a terribly huge literature on stroke has been produced: by typing the word “stroke” one may find approximately 140000 papers indexed in PubMed in the last 20 years. Hence, a book summarizing all the “new concepts in stroke diagnosis and therapy” is highly appreciated. The Authors report the present knowledge on all the above mentioned issue, with updated and well selected reference literature. The book can be a good “traveling companion” for neurologists working daily on stroke patient management and having little time to look for scientific literature, but also a guide for stroke basic and clinical researchers to pick up the most recent information and to get suggestions for further research.




    My compliments to the Authors and “enjoy the reading” to all the readers.




    

      Prof. Danilo Toni, MD


      Associate Professor of Neurology


      Director Emergency Department Stroke Unit


      Hospital Policlinico Umberto I


      Dept. of Neurology and Psychiatry, Sapienza Univerisity.
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    Stroke prevention, diagnosis and therapy are all evolving fields that give us the idea of how in progress is the clinical job and the scientific work. Stroke in particular deserves a special mention as it is perceived both by patients and by physicians and it is one of the most feared and invalidating condition.




    In this regard, every single step able to improve prevention, accelerate diagnosis and therapy is welcome and need to be rapidly shared with all the scientific community.




    On the one hand, despite the stabilization of stroke events in civilized countries other emerging countries contribute to new events so keeping a high prevalence of stroke worldwide. In this regard, stroke prevention still represents one of the missing opportunities and the recognition and treatment of old and new risk factors are mandatory. On the other hand, imaging and therefore diagnosis and therapeutic opportunities are now available to treat faster than ever ischemic events in order to reduce overall cerebral damage and therefore disability. These new possibilities nevertheless should not remain restricted to few golden clinical and scientific realities but be rapidly shared and diffused to the emerging countries where the prevalence of stroke is growing.




    This book aims to be an aid to the diffusion and discussion of what is new in the field and what are some of the new directions of prevention, diagnosis and therapy. At least, eighty five per cent of strokes are of ischemic origin and are therefore the results of a missed prevention in vascular atherosclerosis and thrombosis. This has always been a “cardiology” field. It is evident that a tighter cooperation between cardiologists and neurologists is needed in order to share expertise and to create more powerful tools to improve prevention, diagnosis and therapy of vascular events that involve in a similar dramatic way both the heart and the brain.




    

      Dr. Alberto Radaelli


      Director of the Division of Cardiac Rehabilitation,


      San Gerardo Hospital,


      Monza,


      Italy

    




    

      Preface 2




      Only few decades ago stroke was considered a devastating condition with high mortality, high disability, without adequate prevention strategies, any tool to perform accurate diagnosis and consequently without any effective treatment available.




      Scientific and technological advances in the last few years have dramatically changed the scenario: epidemiologic, genetic, imaging, biological and therapeutic advances have made it possible to effectively prevent strokes, to perform accurate differential diagnosis of stroke type and of location of vessel occlusion and new treatments for acute phase have recently demonstrated dramatic results.




      In the context of this new scenario, new concepts for stroke diagnosis and therapy emerged, and this book specifically addresses this point.




      Major experts and opinion leaders in respective fields extensively review and discuss new advances in the knowledge of the role of stroke risk factor for their prevention; new technological tools to perform in vivo imaging of cerebral collateral circulation and ischemic penumbra are widely described and their relevance for more accurate diagnosis and prognosis is discussed.




      Diagnostic challenges in rare aethiologies of stroke are described in detail and new studies on recanalization and neuroprotection strategies are reported, with analysis of their impact on stroke health organization.




      Finally, the hemorrhagic risk associated to older and new anticoagulants is discussed and new studies on stroke recovery are presented.




      The reader of this new book may obtain a state-of-the-art knowledge of stroke diagnosis and treatment options to address the challenges of this severe, but now treatable disease.




      

        Dr. Carlo Ferrarese,


        Professor of Neurology. Director of the Department of Neurology,


        San Gerardo Hospital,


        University of Milano Bicocca,


        Monza,


        Italy
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      Abstract




      Stroke, the third most-common cause of mortality after cancer and heart disease in developed countries, is one of the most common causes of cognitive impairment and vascular dementia. Stroke pathogenesis and its consequences are not completely elucidated, with various factors and biological mechanisms probably having a role. After age, hypertension is the leading modifiable cardiovascular risk factor for ischaemic/haemorrhagic stroke, small vessel disease predisposing to lacunar infarction, cerebral white matter lesions (cWML), and cerebral microbleeds. Primary stroke prevention, involving hypertension therapy and blood pressure (BP) control is now standard. At the same time, elevated post-stroke BP levels increase the risk of recurrent stroke, with recent trials suggesting that BP reduction with combinations of hypertension therapy reduces stroke recurrence. This chapter reviews the evidence on hypertension as a stroke risk factor and the part played by hypertension therapy in first/recurrent stroke prevention.
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      INTRODUCTION




      Stroke, the third most-frequent cause of death after cancer and heart disease in developed countries, is one of the most common causes of cognitive impairment and vascular dementia [1]. Stroke entails high economic and public health




      impacts. Age is the first all-stroke risk factor [1]. The stroke rate doubles each 10 years in both males and females > 55 years of age, with > 80% of strokes occurring in persons aged ≥ 65 years. Due to the aging population, the burden of stroke will rise substantially in forthcoming years. Elderly people’s increased vulnerability to stroke is related to changes in the aging brain and with a higher prevalence of established stroke risk factors, including hypertension (HT), atrial fibrillation, carotid stenosis and cardiovascular (CV) disease.




      
[image: ]


Fig. (1))


      Multiple connected biological mechanisms that participate in the pathogenesis of stroke (Adapted from Sierra C et al. [2]).



      Stroke pathogenesis and its consequences are not completely elucidated, with various factors and biological mechanisms possibly playing a role (Fig. 1) [2]. Elevated blood pressure (BP) is a major stroke risk factor, with an established, continuous relationship between stroke and BP [1, 3]. However, trials of hypertension therapy demonstrate that relatively-small BP reductions (5-6 mmHg in diastolic BP (DBP), 10-12 mmHg in systolic BP (SBP) for 3-5 years) cut the stroke risk by > 33% [3]. Primary stroke prevention through BP control and hypertension treatment is now standard [1, 3]. In the same way, elevated post-stroke BP increases the recurrent stroke risk [3, 4], with some trials demonstrating that BP lowering plus combination hypertension therapy has benefits in lowering stroke recurrence [3, 4].




      HT, known to be the leading factor for macrovascular cerebral complications, such as stroke and, therefore, vascular dementia [1, 3, 5], may also predispose to more-subtle cerebral changes due to narrowing of the arterioles or pathological microvascular changes. Cerebral microvascular disease has been suggested as a factor in vascular cognitive impairment [6, 7]. The complex underlying mechanisms of HT-related cognitive changes are not completely elucidated. Associations between cerebral white matter lesions (cWML) and BP elevation indirect suggest that long-term structural/functional brain changes may result in worse cognitive functioning when BP control is poor or absent. At the same time, some evidence suggests hypertension therapy may aid the prevention of cognitive impairment/vascular dementia by controlling BP [5].




      Older age and HT are consistently reported as the leading risk factors for cWML, which, in turn is a leading factor in the prognosis of stroke and cognitive impairment/dementia [1, 3, 5, 6, 8]. Hypertensives present more and a greater area of cWML than normotensives [6, 8]. At the same time, treated and controlled hypertensives have been shown to have a lower prevalence of cWML than untreated/treated uncontrolled hypertensives [9]. A randomized BP-lowering trial of perindopril vs. placebo in normotensives and hypertensives with cerebrovascular disease (CeVD) found average total new WML volume was significantly lower in actively treated patients than in the placebo group [10].




      The idea that, in hypertensives, cWML may be an early, silent marker of brain damage is strongly supported by recent evidence.


    




    

      STROKE EPIDEMIOLOGY




      HT increases the stroke risk six-fold [11], with stroke being most common complication in hypertensives (Fig. 2) [12]. As stated, stroke, one of the leading causes of death worldwide and of disability in developed countries, entails a substantial economic burden and has a large public health impact. In developed countries, ischaemic stroke represent approximately 80% of all strokes and haemorrhagic stroke 20%. Incidence rates, often stated as 2 per 1000 persons, rise steeply from < 1 per 1000 in people aged <45 years, to > 15 per 1000 in subjects aged ≥ 85 years, but vary widely [13]. In developed countries, around 75% of all strokes take place in subjects aged > 65 years. Around 80% of people survive the first four weeks post-stroke and 70% survive for ≥ 1 year. Prevalence rates are > 8 per 1000 adults with an accentuated age gradient [13], suggesting future pressure on health services. Disability is common and, sometimes, severe, in stroke survivors, requiring increased formal/informal care.
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Fig. (2))


      Number of fatal and non-fatal cerebral strokes and fatal and non-fatal myocardial infarctions reported in large prospective hypertension trials published after 1990 (Adapted from Kjieldsen et al. [13]).

    




    

      PATHOPHISIOLOGY OF BRAIN VASCULAR DAMAGE INDUCED BY HIGH BLOOD PRESSURE




      The brain is highly susceptible to the damaging effects of BP elevation. Systolic and diastolic HT in both males and females are known risk factors for ischaemic/ haemorrhagic stroke. HT is a leading risk factor for two types of vascular complications: those of atherosclerosis (including cerebral infarction), and those of hypertensive small vessel disease (including intra-cerebral haemorrhage, lacunar infarcts, and cWML). Some silent lesions (lacunar infarcts and cWML) can only be detected by radiology.




      Stroke can be classified by clinical factors, clinical-radiologic correlates or radiologic findings alone. Topographically, infarcts are classified as cortical (anterior cerebral artery, middle cerebral artery branches, posterior cerebral artery territory, external watershed infarcts) or subcortical (lacunar, striatocapsular, anterior choroidal artery territory, white matter medullary, internal watershed infarcts). Broadly, HT is more likely to be involved in subcortical infarcts (lacunar infarcts, WML).




      The course of chronic elevated BP involves hypertensive cerebral angiopathy, secondary reparative changes and adaptive processes at all cerebrovascular structural/functional levels (Table 1). HT results in marked adaptive changes in the cerebral circulation (including greater cerebral vessel resistance and loss of physiological autoregulation). Hypertensive encephalopathy is due to sudden, maintained BP elevation that surpasses the upper limit of cerebral blood flow autoregulation. The cerebral circulation adapts to less-severe chronic HT through changes predisposing to stroke due to arterial occlusion/rupture.




      

        Table 1 Main physiopathological cerebrovascular changes associated with high blood pressure.




        

          

            

              	Mechanical stress (endothelial lesion)

            




            

              	Endothelial dysfunction (loss of vasodilatory capacity)

            




            

              	Increased vascular permeability

            




            

              	Opened ionic channels

            




            

              	Hypertrophy of smooth muscle vascular vessels (reduced lumen)

            




            

              	Contraction of smooth muscle vascular vessels (increased vascular resistance)

            




            

              	Synthesis of collagen fibre (vascular stiffness)

            




            

              	Transudation of plasmatic products to the arterial wall

            


          

        




      




      Stroke is a generic term that encompasses focal infarction, cerebral haemorrhage, and subarachnoid haemorrhage. Atherothromboembolism and thrombotic occlusion of the lipohyalinotic small-diameter end arteries are the leading causes of cerebral infarcts. Microaneurysm rupture is the first cause of HT-associated intra-cerebral haemorrhage, while rupture of aneurysms in the circle of Willis is the leading cause of non-traumatic subarachnoid haemorrhage.




      Due to their high prevalence in clinical lacunar syndromes and the hypertensive lipohyalinotic changes seen at autopsy in small penetrating vessels, lacunar infarcts are the infarct subtype most closely and directly associated with HT [14]. The influence of HT is less direct in other infarct types and is mediated by its effects on atherogenesis in large extracranial or intracranial vessels. Lacunae are small infarcts or, occasionally, Charcot-Bouchard microaneurysm-related haemorrhages.


    




    

      RELATIONSHIP BETWEEN HIGH BLOOD PRESSURE AND RISK OF STROKE




      Taken together, large observational studies demonstrate that usual BP levels show a log-linear, positive and continuous correlation with the stroke risk [15], a correlation that holds true over a wide BP range, from SBP levels down to 115 mmHg and DBP levels down to 70 mmHg [15]. Findings from prospective observational studies demonstrate a direct, continuous correlation between usual BP levels and initial stroke risk, with an extended difference in usual BP of only 9/5 mmHg correlating with a rise of about one third in the stroke risk: the effects are similar in hyper- and normotensives [16, 17]. Thus, each 5-6 mmHg reduction in usual DBP entails a 38% lower stroke risk [17]. Elevated BP correlates with ischaemic and haemorrhagic strokes, although the association may be closer for haemorrhagic events. The BP/stroke risk relationship remains almost the same after adjusting for serum cholesterol, smoking, alcohol and previous CV disease [15]. There seem to be similar correlations between BP and the recurrent stroke risk, although much of the evidence is contained in smaller cohort/observational studies [15]. The United Kingdom Transient Ischaemic Attack (UK TIA) Collaborative Group data revealed a 10 mmHg reduction in usual SBP was associated with a 28% recurrent stroke risk reduction [18].




      While the continuous relationship between SBP/DBP and stroke is established, epidemiological evidence from the MRFIT study suggests SBP may have strong deleterious effects on CeVD [19]. Increased arterial stiffness is known to result in increases in characteristic aortic impedance and pulse wave velocity, thereby raising SBP and pulse pressures, of which large-artery stiffness is the main determinant. SHEP study data show rises of 11% in the stroke risk and 16% in the all-cause mortality risk for each 10-mm Hg rise in pulse pressure [20]. A longitudinal study by Laurent and colleagues [21] demonstrated that aortic stiffness, assessed by carotid-femoral pulse wave velocity, independently predicted fatal stroke in essential hypertensives.


    




    

      HYPERTENSION THERAPY AND CEREBROVASCULAR DAMAGE PREVENTION




      Epidemiological studies demonstrate that each 5-6 mmHg reduction in usual DBP is associated with a 38% lower stroke risk [17], while clinical trials demonstrate that a 10 mmHg lowering in usual SBP is associated with a 28% lowering in the recurrent stroke risk [18]. Some evidence suggests that hypertension therapy may play a role in preventing cognitive impairment/vascular dementia by BP control [3, 5].




      

        Primary Stroke Prevention




        Around 50% of strokes are thought to be preventable through changes in modifiable risk factors, of which HT is the most important, contributing to 60% of all strokes, and life-styles. A 1996 review of seventeen RCT of hypertension therapy by MacMahon [22] demonstrated a net BP lowering (10-12 mmHg SBP and 5-6 mmHg DBP) and 38% (SD 4) lowering in the incidence of stroke, with corresponding reductions in fatal/non-fatal events. Due to the similarity of the proportional treatment effects in patients at higher or lower risk, the absolute effects of therapy on stroke directly varied according to the background stroke risk, with the largest potential benefits seen in subjects with previous CeVD. Overviews of RCT by the Blood Pressure Lowering Treatment Trialists Collaboration [23] in 2000 showed that placebo-controlled trials of calcium antagonists reduced the stroke risk by 39% (95% confidence intervals (CI) 15-56) and that placebo-controlled trials of angiotensin-converting-enzyme inhibitors (ACEi) reduced the stroke risk by 30% (95% CI 15-43), with no significant differences between groups of regimens. More-intense therapy was associated with a 20% stroke risk reduction (95% CI 2-35) compared with normal BP lowering, although differences between the normal and intensive BP lowering strategies were only 3 mmHg. Later meta-analyses of RCT confirmed an approximately 30% to 40% stroke risk reduction with BP lowering [24].




        A subsequent meta-analysis of 147 RCT found that beta-blockers reduced strokes by 17% compared with the 29% attributed to other agents, but had similar effects to other agents in preventing coronary events and heart failure, and a higher efficacy than other agents in patients with a recent coronary event [25].




        The International Society of Hypertension statement on BP lowering and stroke prevention [15] recommended any of the 5 classes of hypertension drugs (diuretics, betablockers, calcium channel blockers, ACEi, angiotensin receptor blockers (ARBs)) due to the priority in BP reduction “per se”. At the same time, trials in hypertensives have suggested a protective effect of ARBs on primary stroke prevention. The LIFE [26] study compared losartan and atenolol in hypertensives aged > 55 years with electrocardiographically-detected LVH. Losartan significantly reduced CV endpoints (13%) with minimal differences in BP changes between therapies. The benefit of losartan was principally due to a 25% decrease in the stroke rate (p=0.001), with no differences in myocardial infarction or total mortality. The SCOPE [27] study included hypertensives aged 70-89 years randomly assigned to candesartan or placebo with open-label active hypertension therapy added as required. The primary composite endpoint (combination of CV death, stroke and myocardial infarction) was reduced by a non-significant 10.9%. Of the primary endpoint components, only the reduction in non-fatal stroke (27.8%; 95% CI: 1.3-47.2; p=0.04) was significant, although there were marked differences in BP lowering (3.2/1.6 mmHg) between patients receiving And eastern and placebo.




        The Aliskiren Trial in Type 2 Diabetes Using Cardio-Renal Endpoints (ALTITUDE) study was terminated early due to lack of benefits and a raised risk of stroke using dual inhibition of the renin-angiotensin system, even though a BP reduction of 1.3/0.6mmHg was found in patients with diabetes and renal disease [28]. After re-analysis, ONTARGET Trial data failed to confirm that dual renin-angiotensin system inhibition is associated with an elevated stroke risk in diabetics with/without nephropathy [29]. Due to the absence of clinical benefits and the higher incidence of renal adverse events, dual renin-angiotensin system blockade cannot be recommended in this type of patient.




        The 2013 European Guidelines stated, in summary, that there is no indisputable evidence that the capacity of major drug classes to provide protection against overall CV risk or cause-specific CV events (stroke and myocardial infarction), varies [3].




        BP reduction is, overall, of greater importance that the specific drugs used, but meta-analyses shown some antihypertensive classes can provide direct neuroprotection: renin-angiotensin system and calcium-channel blockers and thiazide diuretics are the drug classes that have the greatest effect on primary prevention of stroke.


      




      

        A Special Situation: Primary Stroke Prevention in the Very Elderly




        Age and HT are recognized as the leading risk factors for stroke, which is often seen as a disease of the elderly. Until the results of the HYVET study [30] in 3845 patients aged ≥ 80 years with sustained SBP ≥ 160 mmHg were recently reported, the benefits of therapy in subjects with HT aged ≥ 80 years had not been established. Subjects included were randomized to the diuretic, indapamide (sustained release 1.5 mg) or matching placebo. Fatal/nonfatal stroke was the primary end point. The intention to-treat-analysis showed active treatment was associated with a 30% reduction of the primary end point (P=0.06). Analysis of secondary end points showed statistically-significant reductions of 39% in stroke mortality (P=0.05), 21% in all-cause mortality (P<0.02), and 64% in heart failure (P<0.001).


      




      

        Secondary Stroke Prevention




        Hypertension therapy may be the most important intervention for secondary ischaemic stroke prevention. The Chinese Post-Stroke Antihypertensive Treatment Study (PATS) [31] which randomized 5665 patients with a recent TIA or minor stroke (hemorrhagic or ischemic) to indapamide or placebo was the first large study that demonstrated the effectiveness of HT treatment in secondary stroke prevention. Subjects were included regardless of baseline BP, and the average period from qualifying event to randomization was 30 months. Average SBP was 153 mm Hg in the placebo arm and 154 mm Hg in the indapamide arm at baseline. Over the average 24-month follow-up, average SBP was reduced by 6.7 in the placebo arm and 12.4 mm Hg in the indapamide arm. The main outcome (recurrent stroke) occurred in 44.1% of subjects in the placebo arm and 30.9% of subjects in the indapamide arm (reduction in RR, 30%; 95% CI, 14-43).




        A 2003 systematic review of the link between BP reduction and secondary stroke prevention and other vascular events encompassed seven RCT with a combined total of 15,527 participants with ischemic/haemorrhagic stroke who were studied from three weeks to fourteen months after the event and followed for two to five years [32]. Hypertension drug therapy correlated with statistically-significant all-recurrent stroke reductions, with the overall reductions in stroke and all vascular events being associated with the degree of BP lowering achieved, while the results on the relative benefits of specific hypertension regimens in secondary prevention of stroke were unclear.




        The HOPE trial [33] studied the effects of ramipril in subjects with an elevated risk of CV events: 11% of subjects had suffered a previous stroke, enabling analysis of the efficacy of secondary prevention of stroke. However, the results demonstrated a 17% reduction in the RR of stroke recurrence, which was not statistically significant.




        The PROGRESS trial [34], specifically designed to test a BP-lowering regimen that included an ACEi in 6,105 patients with stroke/transient ischemic attack (TIA) in the previous five years stratified randomization by intention-to-use single (perindopril) or combination (perindopril plus indapamide) therapy in both hypertensives and normotensives. Perindopril+indapamide lowered BP by an average of 12/5 mmHg and the recurrent stroke risk by 43% (95% CI: 30-54) (Fig. 3) in both hypertensive and normotensive groups. No benefit was observed when perindopril was given alone (average BP reduction: 5/3 mmHg). The subsequent MOSES study of the ARB, eprosartan for secondary prevention of stroke showed that when eprosartan was compared with nitrendipine in subjects with a prior stroke, although there was a comparable reduction in BP, there were fewer cerebrovascular and CV events in subjects receiving eprosartan [35]. The included 1,405 high-risk hypertensives with cerebral events during the previous two years, who were randomized to eprosartan or nitrendipine (average follow-up 2.5 years). The primary end point was a composite (total mortality and all CV and cerebrovascular events, including all recurrent events. The combined primary end point was significantly lower in subjects receiving eprosartan, principally due to fewer cerebrovascular events.




        
[image: ]


Fig. (3))


        Long-term blood pressure lowering and secondary prevention of stroke in the the PROGRESS trial. Adapted from reference [34].



        The large Prevention Regimen for Effectively Avoiding Second Strokes (PROFESS) trial [36], a large-scale study of post-stroke hypertension therapy analysed the efficacy of telmisartan compared with placebo in preventing the recurrence of ischaemic stroke. The study randomized 2,0332 subjects with previous ischaemic stroke to telmisartan or placebo ≤ 90 days after an ischaemic event. No association was found between telmisartan and reductions in recurrent stroke (HR 0.95; 95% CI 0.86-1.04) or major CV events (HR, 0.94; 95% CI, 0.87-1.01) throughout the average 2.5-year follow-up. Factors that may have biased the results included the facts that the BP-lowering group was underpowered statistically and that there were small differences in BP between arms (difference in SBP: 5.4 mm Hg at one month and 4.0 mm Hg at one year) caused by lack of adherence to telmisartan and more-aggressive treatment with other hypertensive therapies in the placebo arm which could have reduced the impact of therapy on stroke recurrence.




        Combined analysis of the PROFESS and TRASCEND [37] trials to analyse whether telmisartan was effective in ACEi-intolerant subjects with CV disease or T2DM and end-organ damage showed the incidence of the composite end point (stroke, myocardial infarction or vascular death) was 12.8% for telmisartan compared with 13.8% for placebo (HR 0.91; 95% CI 0.85-0.98, p = 0.013) [38].




        The question of whether the recurrent stroke risk is related to higher or lower SBP remains unanswered. A post hoc observational evaluation of the PROFESS study assessed possible associations between maintaining low-normal or high-normal SBP levels with the recurrent stroke risk [39]. The primary outcome was the first recurrence of any type of stroke and the secondary outcome was a composite (stroke, myocardial infarction, death from vascular causes). During the follow up, SBP levels in the very low–normal (<120 mm Hg), high (140-150 mmHg) and very high (>150 mmHg) range were associated with a higher recurrent stroke risk, supporting the suggestion that there is a J curve in BP levels in secondary stroke prevention. However, there remain limited data that specifically evaluate the optimal BP target in secondary stroke prevention.




        The recent Secondary Prevention of Small Subcortical Strokes (SPS3) trial [40] randomized (open label) 3,020 patients with lacunar stroke to two target SBP control levels (<150 vs. <130 mmHg). Mean baseline SBP was 145 mmHg in the <150 mmHg arm and 144 mmHg in the <130 mmHg arm. At twelve months, average SBP was 138 mmHg in the <150 mmHg arm compared with 127 mmHg in the <130mmHg arm. The primary outcome (recurrent stroke) occurred in 152 subjects in the <150 mmHg arm compared with 125 in the <130mmHg arm, although the difference was not statistically-significant (HR, 0.81; 95% CI, 0.64-1.03). Fifteen subjects in the <150mmHg and twenty-three subjects in the <130mmHg arm presented serious hypotensive complications (0.40%/year; HR, 1.53; 95% CI, 0.80-2.93). A very-recent post-hoc evaluation of the SPS3 data [41] assessed the correlation between average BP achieved six months post-randomization and recurrent stroke, major vascular events, and all-cause mortality and found that after an average follow up of 3.7 years, a J-shaped association between BP achieved and the outcomes measured was apparent, with the lowest risk being for SBP circa 124 mmHg and DBP circa 67 mmHg. The all-event risk nadir was between 120-128 mmHg SBP and between 65-70 mmHg DBP. Future studies should evaluate the impact of excessive BP reduction, especially in elderly subjects with pre-existing vascular disease. At present the only specifically-designed trial examining this issue is the ongoing European Society of Hypertension-Chinese Hypertension League Stroke in Hypertension Optimal Treatment trial (SHOT) [42], a prospective, multinational, RCT with a 3x2 factorial design that compared a) three SBP targets (<145-135; <135-125; <125 mmHg) and b) two LDL-C targets (2.8-1.8; <1.8mmol/l), which will include 7500 patients aged ≥ 65 years (2500 European, 5000 Chinese) with HT and a stroke/ TIA in the six months pre-randomization. Hypertension and statin treatments are initiated or modified using suitable registered agents chosen by the researchers in order to maintain patients within the randomized SBP and LDL-C windows. BP is measured each three months and LDL-C each six months. Ambulatory BP will be measured yearly. The primary outcome is time to fatal/non-fatal stroke, while secondary outcomes include the time to first major CV event; cognitive decline (assessed using the Montreal Cognitive test); and dementia. All major outcomes will be adjudicated by committees blinded to randomized allocation.




        In summary, according to the American Heart Association [4] and the 2013 European Hypertension Guidelines [43], hypertension treatment is recommended for recurrent stroke prevention:




        

          	Initiation of BP therapy is indicated for previously-untreated patients with ischaemic stroke or TIA who, after the first few days, have established SBP ≥140 mm Hg or DBP ≥90 mm Hg (Class I; Level of Evidence B).




          	Initiation of therapy for patients with SBP <140 mm Hg and DBP <90 mm Hg is of unclear benefit (Class IIb; Level of Evidence C).




          	Goals for target BP level or reduction from pre-treatment baseline are unclear and should be individualized, but SBP <140 mm Hg and DBP <90 mm Hg are reasonable (Class IIa; Level of Evidence B). For patients with recent lacunar stroke, a target SBP of <130 mm Hg may be reasonable (Class IIb; Level of Evidence B).


        


      




      

        Hypertension Therapy and Early Cerebral Damage




        Cross-sectional, population-based MRI studies have demonstrated that treated, controlled hypertensives have a lower prevalence of cWML than untreated and treated uncontrolled controlled hypertensives [9]. Van Dijk and colleagues [44], studied 1,805 subjects aged 65-75 years from ten European cohorts in whom BP measurements were initiated 5-20 years before brain-MRI, and found that subjects with poorly-controlled HT had a greater risk of severe cWML than those without cWML or those with controlled or untreated HT. Increased SBP and DBP correlated with more severe cWML and reduced DBP with more severe periventricular cWML. The authors suggest that successful HT treatment could lower the cWML risk but that reducing DBP could have a potential negative effect on severe periventricular cWML. However, the lack of differences between controlled and untreated hypertensives might be because untreated hypertensives had less-severe or shorter-lasting HT. Another study in 845 subjects found that baseline HT was significantly associated with an increased risk of severe cWML on brain-MRI at four years of follow-up. When BP levels and hypertension drug intake were taken into account, the risk of severe cWML was significantly reduced in subjects with normal BP taking hypertension medication compared with those with high BP also taking medication [45].




        A longitudinal study by Schmidt and colleagues [46] evaluated volunteers aged 50-75 years without neuropsychiatric disease had MRI at baseline, three years (204 subjects) and six years (191 subjects). At three years, only baseline DBP and cWML significantly predicted the progression of white matter hyperintensities. At six years, the baseline cWML grade predicted cWML progression better than age and HT [46].




        A MRI substudy of the PROGRESS study recently found that the average total new cWML volume was significantly reduced in the active treatment arm compared with the placebo arm [10]. A post hoc analysis also showed that the greatest beneficial effect of hypertension therapy on cWML progression was seen in patients with severe cWML at study entry.


      


    




    

      EVIDENCE OF THE RELATIONSHIP BETWEEN TREATMENT OF OTHER ASSOCIATED RISK FACTORS AND STROKE PREVENTION




      

        




        Type 2 Diabetes Mellitus




        Type 2 diabetes mellitus (T2DM) is a leading risk factor for vascular events, but there are no specific guidelines for T2DM therapy in stroke patients. Correct glycaemic control of T2DM may lower the impact and burden of microvascular complications and the small-artery atherosclerosis risk. Thus, current secondary CV disease-prevention guidelines endorse glucose and HbA1c objectives of near-normoglycaemic levels (i.e., glycated haemoglobin <7%) in patients with T2DM and recent stroke [4, 47].




        Subgroup analyses of clinical trials suggest therapy could effectively reduce the stroke risk. Although the PROactive trial reported a lowered stroke incidence in selected patients receiving pioglitazone [48], the other risks of thiazolidinedione treatment must be considered.




        Three large RCT comparing aggressive glycaemic control with standard control in T2DM patients with antecedents of CV disease, stroke, or additional vascular risk factors evidenced no reductions in CV events or mortality in patients on intensive glucose therapy. While not designed to measure stroke outcomes, the trials showed no lowering of stroke incidence due to tight glycaemic control.




        The ACCORD trial randomly assigned 10,251 patients to intensive therapy targeting HbA1c ≤6% vs. a standard HbA1c of 7-7.9%. After an average of 3.5 years of follow-up the trial was halted due to an increased mortality risk in patients randomized to intensive therapy. No significant differences in nonfatal stroke rates or the primary end point (composite of nonfatal heart attack, nonfatal stroke, and death due to a CV cause) were demonstrated [49].




        The ADVANCE trial, in which 11,140 patients with T2DM and a history of macrovascular disease or other risk factors were randomly assigned to intensive glucose control (target HbA1c ≤6.5%) or standard glucose control (target >7%), with 9% of subjects having a previous stroke, also found no benefits in secondary CV event prevention. There were no significant reductions in macrovascular events alone, although there were no significant between-group differences in mortality [50]. Lastly, the Veterans Affairs Diabetes Trial assigned 1,791 patients with T2DM to intensive blood glucose therapy or standard therapy and found no significant between-group differences. The results of these trials suggest glycaemic targets should not be lowered to HbA1c <6.5% in subjects with a high added CV risk or with a previous stroke or TIA [51].


      




      

        Dyslipidemia




        While there are established correlations between dyslipidaemia and coronary heart disease and between LDL-cholesterol reductions and mortality due to coronary heart disease, the relationship between dyslipidaemia and stroke is less clear. However, results from trials and meta-analyses show an association between serum cholesterol and ischaemic, rather than haemorrhagic, stroke [52-54].




        The Heart Protection Study [52] randomized 17,265 subjects to simvastatin or placebo to study the effect of statins on stroke incidence of stroke in subjects without CeVD but with a high risk of vascular disease. Simvastatin reduced stroke, coronary death, nonfatal myocardial infarction and revascularization by 24%, and stroke alone by 1.6%. In a Heart Protection Study substudy, 3,280 patients with a history of stroke or TIA in the 4.3 years after randomization were followed for 4.8 years. Simvastatin significantly reduced the incidence of the composite of major events by 20%, but not the stroke risk.




        In the Jupiter trial [54] 17, 802 healthy males and females with low-density lipoprotein cholesterol levels and high-sensitivity C-reactive protein levels were randomly treated with rosuvastatin 20 mg or placebo. After 1.9 years, rosuvastatin reduced the risk of fatal/ nonfatal stroke by 48% compared with placebo.




        The SPARCL study [55], a specific trial of statins in secondary stroke prevention, evaluated the efficacy of high-dose atorvastatin after stroke or TIA in 4,731 subjects with a history of ischaemic stroke or TIA who were randomized to atorvastatin 80 mg/day or placebo. After a median follow-up of 4.9 years, atorvastatin significantly reduced fatal/nonfatal stroke by 16% and major CV events by 21%.


      


    




    

      IS THERE A NEUROPROTECTIVE EFFECT OF RENIN-ANGIOTENSIN SYSTEM BLOCKADE?




      As stated, two large primary prevention RCT in hypertensives demonstrated that losartan [26] and candesartan [27] were superior to atenolol or conventional therapy in stroke prevention. A smaller secondary prevention study in hypertensives with a previous stroke found that another ARB, eprosartan, provided greater cerebrovascular protection than nitrendipine [35]. While definitive conclusions are different to establish when comparing trials involving divergent patient types and therapeutic comparisons, the above-mentioned studies may suggest that ARB proportion greater cerebrovascular protection. Varying, and almost certainly complementary, mechanisms, are suggested as explanations for this seeming trend: these include regression of left ventricular hypertrophy, protection against atrial enlargement and supraventricular arrhythmias, effects on endothelial function, risk biomarkers and vascular remodelling, and angiotensin II/ AT-2 receptor- mediated specific neuroprotective effects [56]. Evidence for the purported improved outcomes comes from specific mechanisms involving the renin-angiotensin blockade, the specific AT-1 receptor antagonism, increased angiotensin II and AT-2 receptor stimulation, effects that have not been shown for ACEi: this provides an explanation as to why ACEi do not show significantly improved stroke protection compared with other conventional hypertension therapy, unlike ARB therapy. Even so, these supposed benefits require confirmation in further trials.


    




    

      CONCLUSION




      Stroke is the third most-frequent cause of death after cancer and heart disease in developed countries and one of the most common reasons for developing cognitive impairment and vascular dementia. The pathogenesis of stroke and its consequences are not fully understood. In addition to age, hypertension is the most important modifiable cardiovascular risk factor for cerebral small vessel disease including lacunar infarction, white matter lesions, and cerebral microbleeds, all them predictors of future ischemic or hemorrhagic stroke. Primary stroke prevention by antihypertensive therapy and blood pressure control is well established. Likewise, higher blood pressure levels after stroke increase the risk of recurrent stroke and recent trials indicate that BP reduction with combined antihypertensive therapy is beneficial in reducing stroke recurrence.


    




    

      TAKE HOME MESSAGES




      

        	Stroke, the third most-frequent cause of death after cancer and heart disease in developed countries, is one of the most common reasons for cognitive impairment and vascular dementia.




        	Hypertension is the most important modifiable CV risk factor for developing CeVD including stroke, small vessel disease, and cognitive impairment.




        	Older age and hypertension are constantly reported to be the main risk factors for cerebral small vessel disease that includes lacunar infarcts, cWML, and microbleeds.




        	The primary prevention of stroke through hypertension therapy and BP control has been established by RCT.




        	Any of the five classes of hypertension drugs and their combinations (diuretics, betablockers, calcium channel blockers, ACEi, angiotensin receptor blockers) may be used for stroke prevention in hypertensive patients. The priority is the BP reduction “per se”.




        	Treatment of hypertension and BP control is the most important action for secondary prevention of ischemic stroke.
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      Abstract




      Cerebrovascular disease is predicted to remain the second leading cause of mortality reaching almost eight million annual deaths by 2030. Cerebral arteries are innervated and are therefore potential targets for autonomic nervous system dysfunction. In particular, a dynamic baroreflex mediated sympathetic modulation of cerebral blood flow has been demonstrated, confirming the role that the autonomic nervous system exerts on cerebral flow regulation. Moreover, it has been shown that the vagus nerve may influence neuro-inflammation therefore producing an inflammatory mediated vascular damage in case of dysfunction. Dynamic interactions between cerebral blood flow and the autonomic nervous system activity are therefore important and can be analyzed by studying the rhythms that characterize both cerebral blood flow, blood pressure and heart rate. With this regard, variability analysis performed together with techniques that investigate cerebral blood flow distribution and together with functional evaluation of the brain could provide new insight on the role played by the autonomic nervous system in the progression of cerebral vascular disease.
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      INTRODUCTION




      Since the last three decades, stroke remains the second most common cause of mortality [1] and recently, it has become the third leading cause of global disease burden if we consider disability-adjusted life years [2]. Cerebrovascular disease is predicted to remain the second leading cause of mortality reaching almost eight million annual deaths by 2030 [3]. Hypertension and aging are the most important risk factors for stroke. Both of them share the presence of important alterations of the activity of the autonomic nervous system. In particular, there is a clear evidence now that an increase in the activity of the sympathetic nervous system plays an important role not only in the development of hypertension but also of the related organ damage [4]. In addition to this, it is becoming more and more evident that autonomic nervous system dysfunction does not play an ancillary role in cardiovascular disease but is able to promote atherosclerosis and vascular remodeling [5-7]. So far emphasis has been placed on the effect of stroke on autonomic nervous system and not on the role that an alteration of autonomic nervous system activity could play in the genesis of strokes. The issue is important as autonomic nervous system dysfunction is a common condition shared by many diseases. Moreover, evidence is accumulating indicating that the autonomic nervous system plays an important role in the dynamic regulation of cerebral blood flow that has to adapt continuously to changes in blood pressure. The aim of this review is therefore to discuss the actual evidence on the influence that the autonomic nervous system activity has on cerebral blood flow and on the possible effect of an alteration of the autonomic nervous system activity on the cerebral circulation.




      

        Stroke Subtypes




        Strokes can be subdivided into three subtypes [8]: 1) ischemic strokes, caused by an occluded vessel, (80% of strokes), 2) intracerebral hemorrhages (15% of all strokes), and 3) subarachnoid hemorrhages (5%). In humans ischemic strokes occur most often in the brain region supplied by the middle cerebral arteries which are relatively large vessels arising from the circle of Willis. Occlusion of one of these arteries produces a large area of ischemic injury and neuronal death. Ischemic strokes can be further subdivided into: large artery atherothrombotic strokes, (40% of strokes), lacunar strokes (20% of stroke) that occur when small intracranial arteries are occluded (Fig. 1). In 20% of the patients, strokes are caused by a cardiac emboli lodging in a cerebral artery and originating from the heart and much more rarely from the aorta, other large arteries or the venous side of the circulation [9]. Additionally, hemodynamic strokes are the result of cerebral hypoperfusion in the absence of a clot nor emboli.
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Fig. (1))


        Percent distribution of different types of stroke.

      




      

        Cerebral Blood Vessels Innervation




        Cerebral arteries are innervated and therefore they are potential targets for autonomic nervous system (ANS) dysfunction. Two types of cerebral vessels innervation are distinguished [10]. Extrinsic innervation: the pial arteries on the surface of the brain receive innervation from the peripheral nervous system. The majority of these nerves arise from the superior cervical ganglion, although a small percentage of nerves also arise from the sphenopalatine, otic and trigeminal ganglia [11]. Intrinsic innervation: the parenchymal arterioles supplying the cerebral cortex receive innervation from within the cerebral parenchyma [12] i.e. noradrenergic, serotoninergic, cholinergic or GABAergic afferents from subcortical neurons located in various nuclei within the brain including the locus coeruleus and raphe nucleus [11]. The postjunctional neurotransmitter as well as their receptor expression varies across the cerebrovascular tree. Norepinephrine (NE) acting on alpha 1 adrenoreceptors characterizes the middle cerebral artery [13, 14] but the parenchymal arterioles express mostly beta adrenergic receptors, the effect of NE being respectively vasoconstriction and vasodilatation [15].




        

          Sympathetic Innervation




          The sympathetic innervation of the cerebral circulation arises in the hypothalamus, first order neurons projecting to the intermediolateral cell column of the spinal cord. Second order neurons arise from the sympathetic chain and proceed to synapse with third order neurons in the superior cervical ganglion [16]. The innervation has a unilateral distribution with respect to the midline, its projection to the cerebral vessels being provided by sympathetic nerves that run along the carotid arteries. Nerves (particularly dense in the more proximal large artery portions), follow the vessels out to the pia and along the brain surface to join the penetrating vessels for a short distance into the cerebral parenchyma. The largest part of the adrenergic supply of the intraparenchymal vessels is supplied by the locus coeruleus [17]. The sympathetic nerve terminals are predominantly located close to smooth muscle cells in the outer media. In the cerebral vessels sympathetic innervation accounts for about half the nerves observed in the vessel walls. The innervation is most dense anteriorly with a sparser supply in the vertebro-basilar territory in which it arises largely from the stellate ganglion.




          The main transmitter of the cerebral sympathetic nerves is NE. In addition, however, sympathetic nerves release the vasoconstrictor neuropeptide Y, which is widely distributed not only in the brain but also in the peripheral nervous system. Fibers that contain neuropeptide Y form a dense network around cerebral arteries.


        




        

          Parasympathetic Innervation




          The parasympathetic system arises from the superior salivatory nucleus, emerging from the brain in the facial (VII Th cranial) nerve, with a subsequent fiber distribution to the pterygopalatine (sphenopalatine) and optic ganglia and carotid miniganglia. Pharmacologically, the system is characterized by the presence of acetylcholine, vasoactive intestinal peptides and peptide histidine methionine and perhaps other substances [16]. Their effect is a vasodilator one, via one or more of its peptidergic neurotransmitters.


        


      




      

        Cerebral Blood Flow Auto-regulation




        The human brain is exquisitely sensitive to even brief reductions of oxygen supply by the perfusing blood. Elaborate mechanisms have evolved to maintain optimal cerebral blood flow (CBF) and to ensure a favourable balance between oxygen supply and demand [18]. Niels A. Lassen was one of the first to demonstrate the complexity of cerebral autoregulation, i.e. the process by which CBF is kept at a constant level when mean systemic arterial pressure changes between 50-150 mmHg [19]. It is now well established that this phenomenon is mediated and modulated by several mechanism such as intrinsic changes of vascular muscle tone in response to the distending intravascular pressure [20], the vasomotor effects of arterial carbon dioxide and oxygen tension, the vasodilatation caused by cerebral metabolic by-products [17] and the relaxing influence of neuronal nitric oxide production [21-24]. It has also been shown that the lower and upper BP limits of the autoregulation plateau, i.e., the blood pressure range over which CBF is maintained constant, is different under different circumstances [25], both showing, for example, an increase in hypertensive patients and a reset towards lower values when BP is reduced by treatment. Autoregulation is impaired or lost in the ischemic or otherwise damaged brain areas [20], with ominous consequences for the survival of cerebral tissue [25].




        A question under discussion since a long time is whether innervation of the cerebral arteries participates in the brain autoregulation and has a substantial influence on CBF in health and disease. This is because most of the evidence has by necessity been obtained in animals or animal models of stroke and other diseases [26-33], the few usually insufficiently controlled and technically limited studies in humans being unable to fully understand the physiological and pathophysiological role of cerebrovascular innervation [34, 35], which thus still remains the subject of considerable controversy [34, 35]. Over time, however, data on an important role played by the autonomic nervous system on CBF regulation in humans and on the participation of neural factors to the brain perfusion, at least during cerebral ischaemia or after subarachnoid hemorrhage, have grown, as reported by a recent review [18].




        

          Sympathetic Regulation of CBF




          Surgical excision of the stellate ganglion appears to provide a modest (maximum +20%) increase in CBF, moreover minor CBF reductions (5-10%) have been shown to accompany electrical stimulation of sympathetic nerves to the brain [26, 27, 36-39]. These observations suggest that in physiological conditions the sympathetic nervous system has a limited potential influence on the brain circulation, with no significant tonic contribution to its basic vasomotor tone. However, sympathetic stimulation does produce a profound fall in CBF if cerebral vessels have been previously dilated by hypercapnia, an observation that generated the “dual control” hypothesis, i.e., that the cerebral circulation is comprised of two resistances in series. Extra-parenchymal vessels are thought to be regulated largely by the autonomic nervous system, while intra-parenchymal vessels (responsible for half the resistance under physiological conditions) are governed primarily by intrinsic metabolic and myogenic factors [29].




          Other findings on the importance of sympathetic vascular influences for the brain circulation are the following. First, although in presence of normal blood pressure values cerebral vessels escape from the vasoconstrictor response to sympathetic stimulation, this does not occur during acute hypertension, in which an increase of sympathetic influences can attenuate the resulting CBF increase and exert a protective effect on the brain [40-42]. Second, in stroke prone spontaneously hypertensive (spSH) rats (a model of hypertension with a strikingly high incidence of stroke) sympathetic influences can enhance the ability of the cerebral arteries to autoregulate blood flow [27] in intact vessels but perhaps also in vessels within the ischemic area [18], and to reduce the incidence of hemorrhagic strokes by putting the parenchymal brain arterioles and microvasculature at a reduced risk of damage when blood pressure fluctuates. Third, under these circumstances, a sympathetic activation may oppose a CBF increase, thereby preventing or attenuating the fluid accumulation and plasma protein extravasation into the cerebral tissue that follows a breakdown of the blood-brain barrier, and limiting cerebral oedema. Fourth, although in physiological conditions cerebral autoregulation is not affected by sympathetic influences, these influences may have a non- marginal role in disease. That is, there are elements to suggest that direct innervation of cerebral arteries from cervical ganglia (as well as stimulation of adrenergic receptors by circulating catecholamines) may have a protective effect against stroke and its consequences.




          Sympathetic nerves are also thought to exert trophic influences upon the vessels that they innervate, as shown by the observation that sympathectomy reduces the hypertrophy of the arterial wall that develops in response to chronic hypertension [7]. This has been shown to occur also in spSH rats in which sympathetic denervation of the cerebral arteries by superior cervical ganglionectomy prevents the development of wall hypertrophy [32] and reduces the wall thickness and distensibility of the pial arteries [33]. It is also possible that sympathetic nerve activation plays a protective role on the smaller parenchymal arterioles where NE causes vasodilatation [15].
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