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1.Introduction 

1.1. Epidemiology, classification, and etiology of ischemic stroke 

Stroke is classically defined as a sudden, focal (or global) neurological deficit lasting 

more than 24 h or leading to death, with no apparent cause other than of vascular 

origin, including cerebral infarction, intracerebral hemorrhage, and subarachnoid 

hemorrhage (1). Stroke is the second most common cause of mortality just behind 

ischemic heart disease and the second most common cause of disability worldwide. 

In 2016, around 14 million people worldwide are affected by stroke each year; of 

these, 5.5 million face death and another 5 million are permanently disabled (2).  

Therefore represent the largest determinant to global neurological Disability-

Adjusted Life Years (DALYs) (3). The overall rate of stroke-related mortality is 

decreasing in develop and developing countries, but the global burden of stroke-

related disability and death is increasing. Thus, stroke implicates a serious public 

health problem and an important clinical and socio-economic cost for several health 

systems. 

1.1.1. Stroke subtypes 

The etiology of ischemic stroke affects prognosis, management, and ultimately 

outcome. Especially the identification of the underlying cause is critical being a 

leading determinant of treatment approach. Stroke classification should distinguish 

mainly between hemorrhagic stroke, subarachnoid hemorrhage and brain ischemia. 

Overall, about 87% of strokes are due to ischemia, while the amount of hemorrhagic 

stroke composed of both intracerebral and subarachnoid hemorrhage is of about 

13% (4). According with the TOAST classification, thrombotic strokes may be further 

categorized into five main causes: i) cardio-embolic when the occlusive thrombus 

comes from heart cavities, ii) large artery atherosclerotic if subsequent to a 

complicated atherosclerotic plaque causing significant occlusion or stenosis of a 

major brain artery (more commonly in internal carotids and vertebral artery) or 

intracranial cortical artery (belonging to Willis’s circle and proximal branches); iii) 

lacunar, due to a pathology of the small cerebral vessels; iv) other determined 

etiology such as arterial dissection, vasculitis, or pro-thrombotic disorders; v) 

cryptogenic, or from an undetermined etiology (5). Stroke category may be usually 

identified by medical history and physical examination. However, brain imaging and 
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ancillary test are usually required to confirm a presumptive clinical diagnosis. The 

most common cause in acute ischemic stroke (AIS) is atherosclerosis. Combined 

mechanisms may also occur. 

1.1.2. Prevalence and incidence 

Currently, approximately 11% of the world's population people are at least 65 years 

old; by 2050, in according to the forecasts over 65 population is expected to increase 

to 22% and over 80 will account for 9,5% of the total population (6). As populations 

are growing and aging, the prevalence of AIS considerably increases with age in 

both males and females. There were 80 million prevalent cases of stroke globally in 

2016 and the American Heart Association forecasts a 20.5% increase in stroke 

prevalence by 2030 (7).  The prevalence of stroke-related symptoms was found to 

be fairly high in a general population free of a previous diagnosis of stroke or 

transient ischemic attack (TIA); thus, suggesting that a consistent amount of strokes 

may be underdiagnosed. Each year, almost 800.000 people experience a new or 

recurrent stroke. Around 600.000 of these are first attacks, and 200.000 are 

recurrent attacks. (4) In the past two decades in high-income countries, the stroke 

incidence rate is reduced but despite this promising trend, the aging population and 

accumulating risk factors lead to a rising long-life risk of stroke. Such risk of stroke 

for adult is approximately 25 % starting at age 25 and is estimated to have increased 

from 22% to 24% over the past decades, with the risk of ischemic stroke exceeding 

the risk of hemorrhagic stroke (8). 

1.1.3. Age, ethnicity, and gender 

Ischemic stroke shown important differences depending on age and sex distribution. 

Typically, stroke burden rapidly increased up with age and becomes the dominant 

cause of neurological morbidity between ages of 60 and 84 years. The individuals 

most at risk are the elderly, indeed being AIS a well-established age-related 

pathologies the rate doubles every decade after the age of 55 (9); although not 

surprisingly most stroke cases affect people aged 65 and over, approximately 10% 

of all strokes occur in individuals 18 to 50 years of age (10). Annual age-adjusted 

incidence for first-ever stroke was higher in black individuals than white. African 

Americans and Hispanics have a risk between 2 and 4 times higher than stroke. 

Substantially men have a higher incidence of ischemic stroke at younger and 
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middle-age groups than women, but at older ages these differences reverses; thus, 

in women over 85 years incidence rates higher than in males, substantially due to 

greater longevity of women and intrinsic factors (4). As a non-adjustable risk factor, 

age plays a key role in determining sexual dimorphism in stroke epidemiology. 

Ischemic stroke-related mortality in women increases with age, probably due to loss 

of neuroprotective effect of sex hormones in postmenopausal women. Moreover, 

women have weaker outcomes and are more likely to die after an ischemic brain 

event. This is partly due to the fact that on average, women are older when suffering 

from stroke. In addition, women are under-represented in clinical trials and this may 

select possible gender bias. For these reasons the total amount of stroke-related 

deaths was around 575,000 stroke deaths in women, compared with 396,000 in 

men. This epidemiological differences across gender, especially in post-

menopausal women, may affects outcome and in future move the magnifying glass 

towards a personalized management and treatment (11). 

1.1.4. Risk factor distribution 

Non-modifiable risk factors include age, sex, ethnicity and genetic factors have 

already been mentioned above. The identification of modifiable risk factors is vital 

for implementing primary and secondary stroke prevention measures, through 

pharmacological interventions and lifestyle changes. High blood pressure 

represents the most important modifiable risk factor for stroke: the increase in the 

average blood pressure values corresponds to a linear increase in the risk of stroke 

(12). The reduction of systemic blood pressure, both by means of pharmacological 

agents and with lifestyle changes, has been shown to reduce the risk of stroke in 

hypertensive patients (13). Diabetes doubles the risk of acute cerebrovascular 

events, with particular effect in young patients (14). The association between 

diabetes mellitus and stroke risk differs between sexes, diabetic women hold a 

higher risk of ischemic stroke than men (15). Pharmacological and dietary correction 

of glycemic levels has been shown to reduce stroke risk in diabetic patients (16). 

Atrial fibrillation and atrial heart disease are important risk factors for the onset of 

ischemic stroke, increasing fivefold. According to the most classical theory, atrial 

fibrillation would cause blood stasis in the heart chambers, favoring the formation of 

thrombi responsible for cerebral cardio-embolism and therefore stroke. However, 

more recently it has been highlighted that the cause of cardio-embolism is not 
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properly atrial fibrillation but more likely atrial cardiomyopathy, However, in 

fibrillating patients primary and secondary prevention with anticoagulant therapy has 

proven effective in reducing the risk of ischemic stroke (17). The risk of ischemic 

stroke increases with high cholesterol levels and decreases with increasing HDL 

cholesterol (18). The cholesterol-lowering drug treatment reduces the risk of 

ischemic stroke. Physical inactivity correlates with several negative health effects, 

including an increased risk of stroke (19). Those who regularly practice physical 

activity have a reduced risk of developing cerebrovascular pathologies, probably 

also thanks to the reduction of blood pressure values and better control of diabetes. 

As regards the diet, it is known that an increased amount of salt increases the risk 

of stroke through the effect on blood pressure values. In addition, the Mediterranean 

diet, as well as a diet rich in fruit and vegetables have a protective effect (20). 

Cigarette smoking doubles the risk of stroke onset (21) with a linear relationship 

between the amount of cigarettes consumed per day and the frequency of acute 

cerebrovascular events (22). Discontinuation of smoking reduces the risk of stroke 

by eliminating the negative effect of tobacco after a period of 2-4 (23). In this context, 

promoting healthy lifestyles is a priority, given that epidemiological studies carried 

out in recent years have demonstrated the reversibility of risk, namely that by 

reducing modifiable risk factors, it is possible to delay or reduce the number of 

events that occur in the population (24). 

In consideration of epidemiological data, there is an urgent need to implement the 

accuracy of stroke diagnosis in order to identify patients with better clinical and 

functional response, and characterize patients based on risk, with the aim of 

reducing mortality, disability and associated costs. Differentiating ischemic from 

hemorrhagic stroke is not possible through clinical findings and neuroimaging is 

needed. 

 

1.2. Neuroimaging study of acute ischemic stroke 

Imaging studies has a crucial role to exclude hemorrhage in the acute ischemic 

stroke, to assess the degree of brain injury, to rule out stroke mimics (such as 

tumor), to detect the vascular lesion responsible for the ischemic deficit and to 

evaluate the status of large cervical and intracranial arteries, to estimate the infarct 

core and penumbra volumes, and to guide acute interventions, including patient 
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selection for reperfusion therapies (25). In the hyperacute phase, a non-contrast 

computed tomography (NCCT) scan is commonly required to exclude or confirm 

hemorrhage; it is highly sensitive for this indication and widespread available. An 

NCCT scan should hence be acquired as soon as the patient is stable. The initial 

brain imaging study can be explored alternatively with a magnetic resonance 

imaging (MRI). Although MRI with diffusion-weighted imaging (DWI) is superior to 

NCCT for the very early recognition of acute ischemia, often is not quickly available 

in many centers and is more limited by patient contraindications or intolerance than 

CT. Thus, for the triage of patients MRI should be preferred rather than CT only if it 

does not delay treatment. Use of advanced imaging such as CT angiography (CTA) 

and CT perfusion imaging (CTP) are able to provide important information 

concerning early ischemia and perfusion injury in the assessment of acute stroke, 

allowing the distinction between the size of tissue that is irremediably damaged 

(called ischemic core) and that which is severely hypoperfused but potentially 

recoverable by reperfusion (called penumbra). Moreover, CTA is suitable for the 

detection of intracranial large vessel stenosis and occlusion. In this background, it 

can be helpful for the selection of patients for acute therapy, especially mechanical 

thrombectomy. CTA can be obtained concomitantly with head CT for patients with 

acute ischemic stroke. CTP is also useful for the triage of patients for endovascular 

interventions, in particular those in the late time window (>6 hours from stroke onset 

or from the time last known to be normal). Hence, this assessment allows an 

accurate selection of patients who are potential to benefit from therapy (26). 

 

1.3. Approach to reperfusion therapy for acute ischemic stroke 

The early pharmacological or mechanical restoration of the blood flow in the 

ischemic brain is recommended to treat acute ischemic stroke (27,28). The 

effectiveness of thrombolysis is mainly driven by the establishment of early 

recanalization and/or reperfusion (29). Noteworthy, the selection of suitable 

candidates for reperfusion therapy requires a neurological evaluation and a neuro-

imaging study. Inclusion or exclusion criteria are listed in Table 1. 
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Table 1. Inclusion and Exclusion characteristics of patients with Ischemic Stroke who 

could be treated with intravenous rtPA within 3 hours from symptom onset 
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Adapted from Demaerschalck et al., 2016 Copyright © 2013, American Heart Association, Inc. 
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All adult patients with suspected AIS should be quickly screened for treatment with 

intravenous thrombolytic therapy. The prompt goal of reperfusion therapy for AIS is 

to recover blood flow to the territory of brain that are ischemic but not yet infarcted. 

The long-term goal is to improve clinical and functional outcomes by reducing 

mortality and stroke-related disability. Intravenous recombinant tissue plasminogen 

activator (r-TPA) is the cornerstone of reperfusion therapy and the most important 

factor is the early treatment: the earlier the treatment, better the outcome. 

Intravenous thrombolytic therapy with alteplase improves functional outcome 

(defined by a modified Ranking scale score mRS; Table 2) at three to six months 

when given within 4.5 hours of acute ischemic stroke onset.  

https://www-uptodate-com.bvsp.idm.oclc.org/contents/alteplase-tpa-drug-information?search=initial+assissment+stroke&topicRef=115775&source=see_link
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Table 2. The Modified Rankin Scale and Corresponding Sections of the Structured 
Interview 
 

 

Adapted from Wilson et al. 2002 
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Even more beneficial effects for eligible patients are evident when administered 

within 3 hours, where the recommendation is highest. The benefit of intravenous 

thrombolysis for acute ischemic stroke decline considerably over time from symptom 

onset (30,31). In fact, it has been documented that for each 15-minute reduction in 

the time of administration of r-TPA treatment was related with an increased odds of 

being discharged at home rather than in an institution and a decreased hazard of 

death before discharge and symptomatic hemorrhagic transformation of ischemic 

stroke (32). The results showed that the benefits of early initiation of r-TPA are 

independent of the patient age or severity of stroke. Beyond 4.5 h, harm may 

outweigh benefit. Therefore, any usefulness over 4.5 hours of intravenous 

thrombolytic treatment has not yet been established. Some restricted studies 

suggest that the use of alteplase over the time threshold may be beneficial in some 

selected patients through imaging criteria indicative of recent cerebral infarction 

and/or significant salvageable brain tissue (33). 

Simultaneously to thrombolytic treatment the evaluation for mechanical 

thrombectomy should be carried on. Patients with suspected AIS involving the 

anterior circulation should be evaluated as soon as possible with CTA or magnetic 

resonance angiography (MRA). Nevertheless, intravenous alteplase treatment 

should not be delayed by angiography or mechanical thrombectomy. If results of 

CTA or MRA confirm a proximal intracranial large artery occlusion, a mechanical 

thrombectomy within 6 hours is recommended (34). Unfortunately, the exact onset 

of stroke symptoms is often unknown, typically when stroke occurs before 

awakening from sleep. Whenever possible, assessment of brain perfusion status 

and clinical-core mismatch assessed with diffusion-weighted magnetic resonance 

imaging (DW-MRI) or CTP should be performed in those patients being of 

paramount relevance for therapeutic approach (35). Patients beyond 24 hours from 

ischemic stroke symptom onset are not suitable for any reperfusion treatment, 

focusing on supportive care. 

Although recanalization and reperfusion are closely related, these 

pathophysiological conditions can be radiologically identified. Recently, the clinical 

benefit of recanalization achieved by endovascular treatment was demonstrated in 

various clinical trials, which also reported a prognostic relevance of reperfusion 

toward improved clinical and radiological outcomes (35–38). Full or partial 

recanalization up to 24 hours after onset of acute stroke after thrombolysis is 
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associated with a more positive outcome (39). Time to treatment is probably the 

most important determinant of good achievement of revascularization but a number 

of additional variables may have a role: clot features (including location, size, 

composition and origin) hyperglicemia, cerebral microbleeds and early ischemic 

change on neuroimaging (40). It is important to note that thrombolysis may fail to 

induce recanalization (41,42), but reperfusion may be maintained by collateral 

circulation. Significant reperfusion without recanalization can be observed in almost 

30% of patients within the first 6 h (especially in ultra-early reperfusion) of symptoms 

onset. Reperfusion without recanalization was frequent and probably recruitment of 

leptomeningeal collaterals resulting in retrograde collateral flow may explain this 

phenomenon. However, a delayed increase in collateral flow may promote harmful 

reperfusion injury due to deterioration of collaterals. Thus, acute and delayed 

changes in collaterals might lead to different effects. Furthermore, several studies 

have proposed that collateral flow, when present and not related of canalization, is 

suitable to improve clinical and imaging outcomes (43). 

In turn, successful recanalization does not consistently lead to reperfusion in case 

of distal thrombus embolization (44) or no-reflow (NR) phenomenon. The NR 

phenomenon is defined as a reduction of blood flow despite vessels patency. This 

phenomenon is commonly observed in coronary circulation and seems to be due to 

extensive damage to the microvascular circulation. During a ST-segment elevation 

myocardial infarction (STEMI) vessels patency can be obtain by percutaneous 

coronary intervention (PCI) within 120 minutes. Incidence of NR is variable and 

depend also upon the method used for detection, but in some studies it reaches up 

to 60% of STEMI. (45,46) If no reflow phenomenon occurs, there is a significant 

attenuation in beneficial effects of perfusion therapy. The exact pathophysiology is 

unknown but multiple factors probably contribute to reperfusion failure at 

microvascular level. They includes activation of inflammatory pathways, reperfusion 

injury, vasoconstriction and others. Insufficient restoring of microcirculatory despite 

complete recanalization significantly impairs the effectiveness of thrombolysis in 

stroke. The understanding of underlying mechanisms and strategies to restoring 

microcirculatory function has then became critical, being penumbra survival largely 

dependent of blood supply (47). 
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Despite these substantial differences, the terms “recanalization” and “reperfusion” 

have long-time been used interchangeably (48). Nowadays, advances in imaging 

methods are applied to discriminate such entities. Indeed, it is now possible to 

routinely visualize and discriminate the ischemic core, the penumbral tissue and the 

state of collateral blood supply. Therefore, advanced imaging-based procedure are 

increasingly applied to patient screening and extend the time window for 

thrombolytic strategies. 

 

1.4. Ischemia-related inflammation 

Post-stroke inflammation deserves a growing attention in the pathophysiology of 

stroke reperfusion. To date, only a limited amount of patients benefit from 

reperfusion treatment, due to late presentation to emergency department (30). Late 

thrombolytic treatment via recombinant r-TPA or mechanical thrombectomy 

increased the risk of hemorrhagic transformation. Revascularization indeed leads to 

a sudden restoration of oxygenated blood, with generation of free oxygen radicals, 

which may paradoxically exacerbate ischemic brain injury. This process is known 

as ischemia-reperfusion (I/R) injury (49). Post-stroke inflammation is a major 

determinant of I/R. Reactive oxygen species (ROS) associated with damage-

associated molecular patterns (DAMPs), released by ischemic brain cells, 

determine a post-stroke immune burst. DAMPs may stimulate aberrant activation of 

microglial cells, which act as resident immune cells. They then activate several 

inflammatory pathways leading to cytokines and chemokines release, which 

increased the permeability of brain vascular endothelium and cause blood brain 

barrier (BBB) disruption, brain edema, hemorrhagic transformation and increase of 

lesion size. Inflammatory signaling also polarizes resident immune cells to produce 

effector molecules such as matrix metalloproteinases-9 (MMP-9), ROS and nitric 

oxide. Simultaneously, the peripheral leukocyte infiltration further enhances post-

stroke I/R. Especially circulating monocytes recruited from the bloodstream become 

macrophages within the ischemic tissue and sustain inflammatory response through 

the release of various pro inflammatory molecules, such as TNF-α, INF-β, IL-6, IL1-

β among the others (50). ROS generation is mainly sustained by impaired 

mitochondrial function and polymorphonuclear neutrophils (PMNs) degranulation. 

The activation of such ischemia-induced inflammatory burst establishes a vicious 
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circle further sustains deterioration of cerebral ischemic injury (51). Post-stroke 

inflammation is also involved in micro-vascular damage and no reflow phenomenon. 

Several observational studies over the years have studied these pathways but pre-

clinical results have not yet been fully translated into clinical practice and the most 

of clinical trials have failed to improve I/R and post stroke outcome.  

 

1.5. Inflammatory biomarkers: focus of serum osteopontin 

A relevant role for serum osteopontin (OPN) has been increasingly described. OPN 

is an extracellular matrix glycoprotein, mainly known for the activity in bone 

metabolism and turnover. However, a growing body of evidence indicate that OPN 

is expressed by a wide variety of cells and tissues and is involved in both 

physiological processes ⸻ such as bone mineralization, tissue remodeling (52) and 

immune regulation (53,54),⸻ and pathological ones: chronic inflammatory diseases 

(55), autoimmune diseases (56,57), neoplasms (58,59), metabolic diseases (60) 

and cardiovascular diseases (61,62). OPN secretion is largely sustained by 

macrophages and acts as strong chemo-attractant factor (63). Higher levels of 

serum OPN levels in injured arteries or in atherosclerotic plaques have previously 

been demonstrated reach a peak at day seven after ischemic lesions, and are 

positively correlated with worse ischemic lesion volumes and poorer neurological 

score (64). A similar progression was confirmed even in acute myocardial infarction 

after successful reperfusion (65). In a cross-sectional study, higher serum levels of 

OPN have been found in stroke patients compared with controls, confirm the 

findings of previous works (66). Furthermore, OPN mRNA and protein have been 

visualized within the ischemic core by immunohistochemistry through electron 

microscope early after AIS (three days). Later, at day 7 after AIS, a prominent 

increase of OPN-expressing macrophage was observed within the infarcted brain. 

Such pattern of expression remained unaltered for two weeks after AIS and then 

progressively reduces after four weeks (67). Is then conceivable that OPN may have 

a role in post-stroke I/R.  

In light of that, the present study has been designed to compare the prognostic value 

of reperfusion vs. recanalization after an AIS. Serial examination with computerized 

tomography (CT) were performed and long-term (day 90) functional outcome was 
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set as primary endpoint. We have further planned to investigate potential 

correlations between recanalization/reperfusion and serum inflammatory 

biomarkers, namely OPN.  
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2. Methods 

2.1. Patients selection and clinical assessment 

We retrospectively analyzed clinical and radiological data from n=55 consecutively 

AIS patients admitted to the Neuroscience Department of Ferrara University 

Hospital during the period from April 2016 to December 2017. All patients were 

treated according with the current guidelines (68,69). 

Inclusion criteria were: i) presentation at the hospital within 8 hours from symptom 

onset; ii) baseline and follow-up confirmation of a large vessel anterior AIS based 

on CT findings represented by the absence of intracranial hemorrhage on Non-

contrast CT (NCCT) at admission, the presence of a territorial hypoperfused area 

on CT perfusion (CTP) at onset and the presence of a territorial hypoattenuated 

area on NCCT at 24 hours; iii) baseline and follow-up CT imaging carried out at 

established time-points after symptom onset (NCCT, CT angiography [CTA] and 

CTP at admission, NCCT, CTA and CTP at days 1 and NCCT at day 90).  

Exclusion criteria included: the detection of brain stem infarct or intracerebral 

hemorrhage at admission NCCT, the inability to complete multimodal CT protocol 

at baseline and follow-up, history of strokes with residual deficit; contraindications 

to iodinated contrast agent, pregnancy, age <18 years, clinical instability and/or poor 

quality of CT acquisition due to motion artifacts. Lacunar AIS were also excluded, 

due to the low sensitivity of CTP in detecting them (70,71). To select a more 

homogenous population, we further excluded minor strokes (defined by a NIHSS 

<4) as well as patients receiving intra-arterial thrombolysis and mechanical 

thrombectomy. As previously reported (43), we further excluded patients with 

lacunar/undetermined or posterior circulation stroke, NIHSS <4 at enrollment and 

those receiving intra-arterial thrombolytic therapy as well. 

Type of reperfusion therapy (if any) was recorded. The Trial of ORG 10172 in Acute 

Stroke Treatment (TOAST) criteria were used to categorize AIS subtypes (5), 

whereas the National Institutes of Health Stroke Scale (NIHSS) (Table 3) was used 

to score the disease severity at onset, day 1, and day 90 after AIS (72).  
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The Local Ethics Committee approved this study, in accordance with the guidelines 

of the Declaration of Helsinki. The All patients gave informed consent before 

entering in the study. 
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Table 3. The National Institutes of Health Stroke Scale (NIHSS)   

0= No stroke symptoms; 1-4 Minor stroke; 5-15 Moderate stroke; 16-20 Moderate to 

severe stroke; 21-42 Severe stroke
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Adapted from Lyden 2017 
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2.2. Study endpoint and power estimation 

The primary endpoint was to determine whether the occurrence of radiological 

reperfusion might predict long term (day 90) good functional outcome, defined as a 

modified Rankin scale (mRS) at day 90 <2 (43,73,74). The sample size was 

computed based on an expected prevalence of complete reperfusion of 45%, taking 

into account a prevalence of good functional outcome of 65% and a minimum of six-

fold increased incidence in reperfused patients (43,74). According with our power 

calculation for two proportion comparison, the minimum sample size requested to 

detect a six-fold increase in the incidence of good functional outcome with a power 

of 80% and with a two-sided alpha error of 5% was of 12 patients. As secondary 

endpoint, we investigated the ability of reperfusion to predict early favorable clinical 

response, defined as a reduction of ≥8 points on the NIHSS (43) during the first day 

after AIS, and the occurrence of hemorrhagic transformation during the first 7 days 

after AIS. Finally, potential correlations between reperfusion and serum biomarkers 

of inflammation has been explored. Two blinded independent investigators 

adjudicated the study endpoints. 

2.3. Imaging acquisition protocol 

All images were conducted on 64-slice scanners and included i) NCCT carried out 

from the skull base to the vertex; ii) CTA performed from the carotid bifurcation to 

vertex; iii) CTP that covered a total of 4 cm from the basal ganglia to the lateral 

ventricles. CTP studies were obtained with a dynamic first-pass bolus-tracking 

methodology according to a one-phase imaging protocol consisting of an acquisition 

of 50-seconds continuous (cine) scans, which started 5 seconds after the automatic 

injection of 40 ml of non-ionic contrast agent at the rate of 4 ml/sec.  

2.4. Imaging processing and analysis 

According to EXTEND-IA trial (75), the severity of arterial occlusion was judged on 

CTA at onset using a modified version of the Thrombolysis in Myocardial Infarction 

(TIMI) grading system: complete occlusion (TIMI score=0-1); partial occlusion (TIMI 

score=2); no occlusion (TIMI score=3). Patients with TIMI score ranging between 0 

and 1 were categorized as occluded, whereas a TIMI score of 2 and 3 defined the 

not occluded ones. The site of occlusion was assessed as previously indicated (76). 

All CTP scans were assessed using a commercially available delay-sensitive 
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deconvolution software (CT Perfusion 3, GE Healthcare, Waukesha, WI). For each 

CTP scan, time-density curves for the arterial input function and venous output 

functions were obtained from the anterior cerebral artery and superior sagittal sinus, 

respectively. The AIF was corrected for partial volume averaging using the VOF-

TDC. Cerebral blood flow (CBF), cerebral blood volume (CBV) and mean-transit-

time (MTT) CTP maps were generated for each patient by deconvolution of tissue 

TDCs and the AIF. CBF, CBV and MTT values were expressed in ml/min/100g, 

ml/100g and seconds, respectively. Large blood vessels were automatically 

excluded from calculation by the software. Color coded functional CTP map scales 

were set at 0-100 ml/min/100g for CBF, 0-8 ml/100g for CBV and 0-20 seconds for 

MTT. After identification by visual inspection on MTT and CBV maps, three different 

regions of interest (ROIs) were drawn freehand by two neuro-radiologists (A.B. and 

E.F., with 5- and 20-year experience, respectively) on every section in which they 

were visible according to the classical CTP mismatch model (77): i) MTT lesion 

indicating total hypoperfusion; ii) CBV lesion referring to infarct core; iii) MTT-CBV 

lesion representing ischemic penumbra (Figure 1). 
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Figure 1 

 

Figure 1 Color coded functional CT perfusion map. After identification by visual 

inspection on mean-transit-time (MTT) and cerebral blood volume (CBV) maps, 3 different 

regions of interest were drawn freehand on every section according to the classical CTP 

mismatch model: A MTT lesion indicating total hypoperfusion; B CBV lesion referring to 

infarct core; C MTT-CBV lesion representing ischemic penumbra. 
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This last ROI was outlined on MMT maps where the ROI corresponding to CBV 

defect were automatically superimposed. Discrepancies between readers were 

resolved by consensus adjudication. The sum of these lesion areas was then 

multiplied by slice thickness to obtain core and penumbra (CTP MTT-CBV 

mismatch) volumes, respectively. Final infarct volume was measured on follow-up 

NCCT at 3 months after symptom onset with a multi-slice planimetric method by 

summation of the hypodense areas, manually traced on each slice in which they 

were detectable, multiplied by slice thickness (78). The type of HT was recorded by 

NCCT at 24 hours and at 7 days post ictus. In agreement with EXTEND-IA trial (75), 

recanalization was scored on CTA at 24 hours with an adaptation of the TIMI grading 

system: persistent occlusion (TIMI score=0-1); partial recanalization (TIMI score=2); 

full recanalization (TIMI score=3). Patients with TIMI score ranging from 2 to 3 were 

considered as reanalyzed, whereas patients with TIMI score of 0 and 1 were 

classified as not reanalyzed. All patients not occluded on CTA at admission had a 

TIMI score of 3 at 24 hour-CTA and therefore, were considered as reanalyzed. 

Radiological reperfusion was evaluated by reperfusion index that measures the 

percentage reduction of baseline MTT lesion at 24 hours. For this purpose, visually 

identified MTT defect volume was obtained by a manual multi-slice planimetric 

method at admission and at 24 hours (79). Patients with a reperfusion index >75% 

were considered as reperfused. Reduction of the ischemic volume was expressed 

as the difference between total hypoperfusion volumes at admission (baseline) and 

at 24 hours. 

2.5. Blood collection and quantification 

Blood samples were collected at different time points using a butterfly to reduce 

membrane shear stress and then drawn in tubes to obtain serum. Samples were 

collected at baseline and at day 1 after AIS. Hematology parameters and blood 

chemistry, including plasma glucose, triglycerides, total cholesterol, high-density 

lipoprotein and low-density lipoprotein cholesterol (to assess dyslipidemia) were 

measured by routine auto-analyzer. 

2.6. Measurement of a serum biomarker associated with reperfusion 

Serum osteopontin (OPN), a biomarker associated with cerebral reperfusion 

(80,81), were measured by colorimetric enzyme-linked immunosorbent assay 

(ELISA), following manufacturer’s instructions (R&D Systems, Minneapolis, MN). 
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The limits of detection for OPN was 62.5 pg/ml. Mean intra- and inter-assay 

coefficients of variation (CV) were below 8% for all markers (82). ELISA is useful 

method in detecting and quantifying biomarker proteins in serum and biological 

fluids. ELISA is a test that employs antibodies to detect a substance, usually antigen 

or antibodies. The use of a solid support (usually a microtitration plate) is essential. 

There are several variants of the ELISA test, which differ according to the 

component to be detected, but the two main methodologies of ELISA are divided 

into: 

▪ Direct test, in which the presence of an antigen is determined. the direct test 

can be further classified into simple and sandwich ELISA. In the simple method 

the antigen is absorbed on the plaque and detected with an enzyme-labeled 

antibody. In the sandwich method, the antibody (capture Ab) that is used to 

capture the antigen is absorbed on the plate, the absorbed antibodies are then 

exposed to the sample that could contain the antigen and a second, labeled 

antibody (detection Ab) is added to detect that the antigen has been captured. 

▪ Indirect test, in which principle consists in detecting the presence of a specific 

antibody in the sample. Indirect test is widely used to identify the presence of 

antibodies against a specific antigen in the patient's blood plasma to ascertain 

whether there has been exposure to a specific pathogen. This is done more 

commonly in the HIV test. The test includes four main stages: first of all, there 

is an antigen fixation: the antigen, specific to the desired antibody, is incubated 

on a microtitration plate. Then there is the fixation of the antibodies to be 

dosed: the sample to be dosed is incubated (serum containing the antibodies), 

as well as standards (solutions containing known concentrations of 

antibodies). Specific antibodies attach to antigens. Third stage is the fixation 

of detection antibodies: secondary antibodies conjugated to one are incubated 

peroxidase. Finally, the specific substrate to the enzyme is incubated. In case 

the reaction is positive (presence of the desired antibodies) the substrate will 

be transformed and induce a color change. The intensity of the coloring is 

proportional to the amount of reaction present. At the end of each step, the 

plate is washed with a detergent solution to remove the components of the 

sample that have unsecured bonds. 
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Figure A 

 

 

Figure A. Direct ELISA.  

The antigen which we are going to test is added in a well of the microtitration plate (A1).  A 

solution of non-reacting protein is added to cover the area uncoated by the antigen. The 

primary antibody conjugated with an enzyme is added (A2). The substrate for the enzyme 

is added.  Generally, this substrate changes the color of the solution, reacting with the 

enzyme (A3).  If there are high concentration of antigen, the color change will be stronger. 

A spectrometer is used to quantify the color intensity.
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Figure B 

 

 

 

Figure B. Indirect ELISA.  

The well of the microtitration plate is prepared with the capture antibody (B1). The 

sample containing the antigen is added to the plate (B2). The detection antibody is 

added, which forms a complex with the antigen (B3). A secondary antibody, labeled 

with an enzyme, is added which binds the detection antibody (B4). The enzyme 

substrate is added; the bond generally causes a change in the color of the solution 

(B5). At the end of each step, the plate is washed with a detergent solution to eliminate 

the components of the sample that have non-specific bonds. 
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In our study we used the "sandwich" procedure. General ELISA protocol in summary 

include:  

▪  Addiction of a solution of the primary antibody (capture Ab), specific for the 

antigen to be searched, to each wells of a special polystyrene test plate. Seal 

the plate and incubate overnight. The bottom of the well is saturated with the 

antibody that adheres and the excess is washed off using a wash buffer. 

▪ Block plates by adding reagent diluent to each well and incubate for a minimum 

of 1 hour. Repeat wash using an autowasher.  

▪ Addition of the sample or standards in reagent diluent, per well. Incubate for 2 

hours.  The antigen wanted, if present, binds specifically with the antibody and 

the excess is washed off. 

▪ Addition of secondary antibody (detection Ab) diluted in reagent diluent, to 

each well. Incubate for 2 hours. This antibody is conjugated with an enzyme, 

typically peroxidase or alkaline phosphatase (in our case it was used 

horseradish-peroxidase HRP), and washing with a buffer solution; The 

secondary antibody binds selectively to the antigen, if present, and the excess 

is washed off.  

▪ A streptavidin–biotin complex was used as a bridge between the enzyme and 

the antibody. Incubate for 20 minutes. A well wash is necessary. Biotin is a 

water-soluble vitamin that has affinity for Streptoavidin. Streptoavidin-HRP 

(60Kd protein isolated from the bacterium Streptomices avidinii, is linked to the 

enzyme HRP) has 4 active sites with high affinity for biotin. 

▪ If the enzyme used is a peroxidase, H₂O₂ plus tetramethylbenzidine (TMB) is 

added as a substrate. Incubate for 20 minutes. This substance causes a 

reaction with the streptavidin-HRP, conjugated to the secondary antibody 

producing a blue coloration visible to the naked eye. If the antigen 

characteristic of the pathogenic organism is absent in the well, there will also 

be no enzyme conjugated to the secondary antibody and therefore the reaction 

cannot take place. 

▪ Addition of sulfuric acid to stop the reaction between the streptavidin-HRP and 

substrate. This producing a yellow coloration of wells where antigen is present. 

▪ Reading of the result, expression of the reaction which produces a 

chromogenic or fluorogenic reaction on the substrate, subsequently 
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measurable through a spectrophotometer (450 λ). The concentration of 

antigen present in the sample is then calculated based on the intensity of the 

coloration. 
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Figure C 

 

 

 

 

Figure C: Addiction of capture Ab. The capture antibody binds to the researched 

antigen. The detection antibody that binds Biotin is added. Streptoavidin-HRP is 

added. Therefore, the biotin-streptoavidin complex serves to indirectly bind the 

enzyme to the secondary antibody. The enzyme is the Horseradish peroxidase (HRP). 

Add the substrate of the enzyme, which is hydrogen peroxide and TMB. The enzyme 

catalyzes the cleavage reaction of hydrogen peroxide (H₂O₂). Then, in a second and 

consequent reaction, the oxygen that is formed oxidizes a chromogen TMB, whose 

oxidized product appears blue. Addiction of sulfuric acid and further oxidation the color 

turns yellow. The final colored complex can be read with a spectrophotometer at 450 

nm.  

Adapted from Nimse et al., 2016
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2.7. Statistical analysis 

Analyses were performed with IBM SPSS Statistics for Windows, Version 23.0 (IBM 

CO., Armonk, NY). Categorical data are presented as relative and absolute 

frequencies. Continuous variables were expressed as median and interquartile 

range (IQR) as the normality assumption was not demonstrated. Difference between 

two time-points were presented as delta (Δ). Intergroup comparisons were drawn 

by Fisher’s exact test and Mann-Whitney U-test, as appropriate. Conversely, the 

dichotomized classification of reperfusion and recanalization was compared by 

McNemar test Instead comparison between paired sample was drawn by Wilcoxon 

rank sum test Ranked. Multiple linear regressions were performed to model the 

lesion growth and final infarct volumes with the recanalization and reperfusion. 

Multivariate logistic regression was used to evaluate the predictive role of 

recanalization and reperfusion toward good clinical response and good functional 

outcome. Finally, the prognostic ability was assessed in a post-hoc manner based 

upon receiver operator characteristic (ROC) curve (MedCalc 12.5, MedCalc 

Software, Ostend, Belgium). The area under the curve (AUC) was given with 95% 

confidence interval (CI). For all statistical analyses a 2-sided p-value <0.05 was 

considered as statistically significant. 
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3. Results 

3.1. Patients’ characteristics 

Baseline clinical characteristics of the whole cohort (n=55) are listed in Table 4. 
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Table 4. Clinical characteristics of study population (n=55) at admission. 

 
 

Data are expressed as median (interquartile range [IQR]) or number [no.] (percentages [%]). 
# WBC: white blood cells 
* INR: international normalized ratio 
† CT: computerized tomography 
‡ TOAST: Trial of Org 10172 in Acute Stroke Treatment 
§ r-r-TPA: recombinant tissue plasminogen activation 
|| NIHSS: National Institutes of Health Stroke Scale 
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Patients’ median age was 69 years (55-76), with a slight prevalence of hypertension 

(58.2%). In most cases the time window between symptom onset and CT study 

performed was less than 3 hours (81.8%), thus accounting for a high rate of 

reperfusion therapy with r-TPA (70.9%). More precisely, in our study population, 

49/55 (89.1%) patients were treated (n=39 with intravenous thrombolysis with r-TPA 

and n=10 with mechanical thrombectomy), whereas 6/55 (10.9%) did not receive 

any therapy due to the presence of hypodensity >1/3 cerebral hemisphere, as 

indicated by ASPECTS≤7, on admission NCCT (n=3), and the current use of 

anticoagulant with INR>1.7 (n=3). At day 1 after AIS, reperfusion was present in 24 

patients (43.6%). (Table 5). In 15 patients (27.3%) there was a pattern characterized 

by recanalization without reperfusion (Table 5). 
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Table 5. Radiological characteristic at day 1. 

 
 
Data are expressed as median (interquartile range [IQR]) or number [no.] (percentages [%]). 
Comparison was drawn by Fisher’s exact test. 
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Conversely, no patients had reperfusion without recanalization, whereas in 24 

patients (43.6%) both reperfusion and recanalization were observed. A McNemar 

test on the dichotomized classification of reperfusion and recanalization confirmed 

a significant discrepancy between these two parameters (p<0.001) (Table 5).  

3.2. Reperfusion and recanalization weakly influences inflammatory 

biomarkers and radiological features of cerebral injury 

Ischemic core and penumbra volumes did not differ in patients categorized as 

recanalized vs. no recanalized and reperfused vs. no reperfused (Figure 2A-C).  
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Figure 2 

  

 

Figure 2. Box-whisker representative plots of the impact of 

recanalization/reperfusion of radiological findings. The values of ischemic core volume 

(A), ischemic penumbra (B) and difference (Δ) in hypoperfused volume between onset at 

24 hours (C) are represented in non-recanalized/recanalized and non-

reperfused/reperfused patients. 
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Conversely, reperfusion determined a great reduction of the ischemic volume during 

the first day after AIS (Δ baseline-day 1: 78.59 vs. 14.59 ml; p<0.001). A lesser but 

significant benefit was also observed in the group of recanalized patients (Δ 

baseline-day 1: 37.95 vs. 13.30 ml; p=0.025). OPN was tested as a known 

circulating mediators increased after cerebral reperfusion (80,81). Noteworthy, 

when non-reperfused and reperfused patients were analyzed separately, no 

difference was shown in demographic, biochemical and clinical/radiological 

parameters (Table 6).  
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Table 6. Clinical differences among no-reperfused and reperfused patients at 
baseline. 

 
   

              Comparison were drawn by Mann-Whitney U test, Fisher’s exact test or Kruskal-                        
              Wallis test, as appropriate. Data are expressed as median (interquartile range  
              [IQR]) or number [no.] (percentages [%]). 
             # WBC: white blood cells   * INR: international normalized ratio 
             † CT: computerized tomography 
             ‡ TOAST: Trial of Org 10172 in Acute Stroke Treatment 
             § r-TPA: recombinant tissue plasminogen activation 
             || NIHSS: National Institutes of Health Stroke Scale 
             ## MTT: mean-transit-time     
             ** CBV: cerebral blood volume
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Whereas no difference was observed at baseline, a significant increase was 

observed the day after AIS (p=0.002), thus determining a significant difference 

among the two study groups (p=0.004) (Figure 3). 
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Figure 3 

 

 

 

 

Figure 3. Box-whisker representative plots of the modification in circulation 

osteopontin (OPN). Circulating OPN levels represented in non-reperfused/reperfused 

patients were quantified at baseline and after 1 day from stroke onset. Intergroup 

comparisons and overtime change were assayed. 

Non-reperfused 

Reperfused 
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Multilinear regression analysis further confirmed an independent association of 

volume lesion reduction at day 1 with both recanalization (29.425 [6.271-52.580]; 

β=0.265; p=0.014) and reperfusion (B 46.803 [95% CI 29.138-64.469]; β=0.461; 

p<0.001) (Table 7). However, only the reperfusion was independently associated 

with final infarct volume at day 90 after AIS (B -54.236 [95% CI 93.203- -15.270]; β= 

-0.333; p=0.007) (Table 7). 
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Table 7. Multiple linear regression for predicting the reduction of 

ischemic lesion volume at day 1 and the final infarct at day 90. 

 
 
Volume of lesion growth is defined as the Δ baseline-day 1. 
# CT: computerized tomography WBC: white blood cells 
* r-TPA: recombinant tissue plasminogen activator 
† NIHSS: National Institutes of Health Stroke Scale
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3.3. Reperfusion at 24 hours is a strong predictor of good outcome after 

an AIS 

Reperfusion, but not recanalization, was able to predict good clinical response at 24 

hours also after adjustments for age, gender, glycaemia, time window to CT, 

intravenous thrombolysis, NIHSS, ischemic core and penumbra volumes at onset 

(OR 16.054 [1.423-181.158]; p=0.025) (Table 8). Though non-significant, 

reperfusion shown a trend towards the prediction of hemorrhagic transformation 

during the first 7 days after AIS (adjusted OR 0.153 [0.022-1.047]; p=0.056) (Table 

8). However, the most relevant result was the predictive ability of reperfusion 

towards 90-day good functional outcome, assessed by mRS (adjusted OR 25.801 

[1.483-448.840]; p=0.026) (Table 8). 
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Table 8. Multiple logistic regression for predicting good clinical 
response at day 1 (reduction of ≥8 points on the NIHSS or a NIHSS score 
≤1), occurrence of hemorrhagic transformation and good functional 
outcome (modified Rankin Scale, 0-1) at day 90. 
 

 
 
# CT: computerized tomography WBC: white blood cells 
* r-TPA: recombinant tissue plasminogen activator 
† NIHSS: National Institutes of Health Stroke Scale 
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ROC curve analysis, further characterized the predictive ability of reperfusion by showing 

an AUC of 0.777 (sensitivity 88.89%, specificity 64.86%; p<0.001) and 0.792 (sensitivity 

88.89%, specificity 75.68%; p<0.001) for the good clinical response and good long-term 

clinical outcome, respectively (Figure 4). 
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Figure 4 

 

Figure 4. Receiver operator characteristic (ROC) curve analysis.  

The predictive value of reperfusion toward good clinical response at 24 hours (A) 
and long-term functional outcome assessed by modified Rankin scale (mRS) at day 
90 (B). 
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4. Discussion 

In this study, reperfusion at 24 hours after AIS consistently overcame recanalization 

in predicting radiological evolution of ischemic lesion and clinical outcomes. Indeed, 

patients with MTT reperfusion index >75% experienced a greater reduction of 

ischemic lesion volume during the first day after AIS and a smaller infarct volume at 

90 days. According with radiological findings, reperfusion was also associated to 

more favorable prognosis in terms of good clinical response at 24 hours and good 

functional outcome assessed 90 days after AIS. Noteworthy, we observed some 

discrepancies between recanalization and reperfusion rates. As compared to 

previous studies (43,79), we did not observe reperfusion without recanalization, 

whereas the recanalization occurred without reperfusion in fifteen patients. This 

implies that, in some cases, reopening of the occluded artery is not associated with 

the restoration of microcirculatory blood flow (41). On the other hand, it is important 

to emphasize that reperfusion can be non-nutritional inducing a luxury perfusion, 

exceeding metabolic demand, in non-viable tissue evolving into infarct (83) or a 

deterioration of ischemic but salvageable brain tissue due to an impairment of 

neurovascular unit mediated by molecular and cellular mechanisms (84). 

Nevertheless, the present study further emphasizes a conceptual difference 

between reperfusion and recanalization. The discrepancy between angiographically 

successful recanalization and non-favorable clinical outcome might be explained by 

a non-visible alteration in microcirculation, as occurs in case of distal thrombus 

embolization (44) or no-reflow phenomenon. In the latter case, swollen astrocyte, 

pericyte and endothelial cells determine the narrowing of microvascular lumen and 

failure of microcirculatory reperfusion despite clot removal (85,86). The capillary 

narrowing usually starts one hour after AIS and contributes to brain injury by 

promoting oxidative stress (85). Not surprisingly, more recent experimental studies 

(87) and clinical trials (88,89) pointed out the role of early (or even ultra-early) 

reperfusion as key determinant of stroke outcome (42,90,91). Our results are then 

consistent with previous studies based on both CT (79) and magnetic resonance 

(92–94), in supporting a role of reperfusion as surrogate marker of clinical outcome 

independently of recanalization. More specifically, we emphasized the role of earlier 

repeated follow-up imaging in improving the prognostic value of reperfusion (95). 
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Another critical matter of discussion is the role of inflammation in 

ischemic/reperfusion (I/R) injury (96). Various studies in the last decade emphasized 

the detrimental role of inflammatory response in AIS. We previously observed that 

delayed rise in serum OPN was associated with poor long-term clinical outcome 

after an AIS (64). Similarly, time-dependent changes in serum OPN were also 

correlated with left-ventricular volume and function in patients with myocardial 

infarction undergoing successful reperfusion (65). Yet, numerous clinical studies 

failed to demonstrate any positive outcomes of anti-inflammatory strategies in stroke 

patients (50). Rather, the timing of inflammatory response is increasingly emerging 

as main determinant of I/R injury outcome. Whereas persistent inflammation exerts 

negative effects on tissue repair, early inflammatory response seems to drive tissue 

healing (97). With this aim we focused on the early change in circulating OPN, 

reporting a significant rise in reperfused patients. Nevertheless, long-term kinetic of 

OPN after AIS and potential relationship with radiological findings still remains 

unknown and any potential explanation is highly speculative. 

4.1. Study limitations 

Firstly, the study cohort may not be considered representative of a general stroke 

population as whole and future population-based studies are warranted to validate 

our results. Whereas we were able to demonstrate the prognostic role of reperfusion 

independently of intravenous thrombolysis, our sample size was not powerful 

enough to discriminate the effect of other therapeutic approaches (i.e. intra-arterial 

thrombolysis and mechanical thrombectomy). Similarly, larger studies are required 

to investigate the setting of minor stroke, where the expected differences may be 

smaller. Secondly, recanalization/reperfusion imaging was obtained relatively late, 

and recanalization/reperfusion observed at 24 hours after AIS may not have the 

ability to salvage viable ischemic tissue at risk. However, the time from admission 

to recanalization/reperfusion imaging and to discharge imaging was similar for all 

patients, thus not introducing a bias in the analysis. Thirdly, the evaluation of 

reperfusion by CTP is incomplete because this technique is not able to obtain 

metabolic information which are crucial, in combination with hemodynamic 

parameters, to establish whether the restoration of microvascular circulation 

corresponds to an actual tissue recovery or leads to reperfusion injury (98). In this 

way, only positron emission tomography can provide both hemodynamic and 
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metabolic data useful to better understand tissue fate (99). Fourthly, the estimation 

of final infarct volume with 24-hour NCCT could be affected by a distortion of residual 

cavity due to retraction effects related to gliosis. However, it is currently accepted 

that final infarct volume is more accurately delineated in images obtained 30 or 90 

days after stroke (100). Fifthly, it is well-known that threshold-based fully-automated 

software are superior to manually tracing technique we used in this study for 

quantitative volumetric analysis of CBV and MTT alterations (101). Nevertheless, 

the calculation of CBV and MTT lesion volume by a manual multi-slice planimetric 

method is still considered reliable in defining core and penumbra (102) and 

reperfusion on CTP (103). Finally, different studies have described a bi-modal 

delayed peak of OPN (a serum biomarker associated with reperfusion) after AIS 

(67). Therefore, future prospective cohorts should include earlier and later time 

points in order to able to correlate radiological evolution (in terms of 

recanalization/reperfusion) with overtime change in circulating OPN. 
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5. Conclusion 

In conclusion, we were able to show that reperfusion occurring during the first day 

after AIS in predicting better radiological evolution of ischemic lesion and clinical 

outcome. Radiological reperfusion, but not recanalization, was significantly 

associated with early positive clinical response (defined as reduction on the NIHSS 

≥8 at day 1 or a NIHSS ≤ 1 at 24 h) and good functional long-term outcome (defined 

as an mRS <2 at day 90) in multiple logistic regressions. Consequently, reperfusion 

at 24 hours may be the stronger predictor of, and consequently a reliable surrogate 

for, clinical outcome. Also, reperfusion, but not recanalization, was associated with 

an increase in serum levels of OPN, an inflammatory molecule potentially related 

with post-ischemic cerebral pathophysiology. Whereas no differences were 

quantified at baseline, a significant increase of circulating OPN levels was observed 

after day 1 from the stroke onset, therefore resulting a significant difference among 

reperfused and non-reperfused patients. In view of different studies that have 

described delayed peaks of OPN and that has been observed that there is a biphasic 

inflammation response, a critical step for optimal healing, and given that our study 

has focused on early increase in circulating OPN after reperfusion, assessed only 

at baseline and day 1, future studies are needed to evaluate the trend over several 

times. Nowadays, recent advances in acute reperfusion therapy and the possibility 

of a better comprehension of the fine-tuned mechanisms underlying cerebral 

ischemia/reperfusion salvage, should push towards the possibility of acting on the 

underlying inflammation pathways in such a way to identify effective protective 

mechanisms and investigate the predictive role of related serum inflammatory 

biomarkers in functional and clinical outcomes. Thus, larger clinical trials correlating 

radiological reperfusion and potential biomarkers are required to validate their 

predictive power on AIS clinical endpoints. 



 

 
  52 

6. References 

1.  Sacco RL, Kasner SE, Broderick JP, Caplan LR, Connors JJB, Culebras A, et al. An 

updated definition of stroke for the 21st century: a statement for healthcare professionals 

from the American Heart Association/American Stroke Association. Stroke.  

2013;44(7):2064–89.  

2.  GBD 2016 Stroke Collaborators. Global, regional, and national burden of stroke, 

1990-2016: a systematic analysis for the Global Burden of Disease Study 2016. Lancet 

Neurol. 2019;18(5):439–58.  

3.  GBD 2016 Neurology Collaborators. Global, regional, and national burden of 

neurological disorders, 1990-2016: a systematic analysis for the Global Burden of Disease 

Study 2016. Lancet Neurol.  2019;18(5):459–80.  

4.  Virani SS, Alonso A, Benjamin EJ, Bittencourt MS, Callaway CW, Carson AP, et al. 

Heart Disease and Stroke Statistics-2020 Update: A Report From the American Heart 

Association. Circulation.  2020;141(9):e139–596.  

5.  Adams HP, Bendixen BH, Kappelle LJ, Biller J, Love BB, Gordon DL, et al. 

Classification of subtype of acute ischemic stroke. Definitions for use in a multicenter clinical 

trial. TOAST. Trial of Org 10172 in Acute Stroke Treatment. Stroke. 1993;24(1):35–41.  

6.  Kanasi E, Ayilavarapu S, Jones J. The aging population: demographics and the 

biology of aging. Periodontol 2000. 2016;72(1):13–8.  

7.  Go AS, Mozaffarian D, Roger VL, Benjamin EJ, Berry JD, Blaha MJ, et al. Heart 

disease and stroke statistics--2014 update: a report from the American Heart Association. 

Circulation.  2014;129(3): e28–292.  

8.  GBD 2016 Lifetime Risk of Stroke Collaborators, Feigin VL, Nguyen G, Cercy K, 

Johnson CO, Alam T, et al. Global, Regional, and Country-Specific Lifetime Risks of Stroke, 

1990 and 2016. N Engl J Med. 20 2018;379(25):2429–37.  

9.  Rojas JI, Zurrú MC, Romano M, Patrucco L, Cristiano E. Acute ischemic stroke and 

transient ischemic attack in the very old--risk factor profile and stroke subtype between 

patients older than 80 years and patients aged less than 80 years. Eur J Neurol.  

2007;14(8):895–9.  

10.  Nedeltchev K, der Maur TA, Georgiadis D, Arnold M, Caso V, Mattle HP, et al. 

Ischaemic stroke in young adults: predictors of outcome and recurrence. J Neurol 

Neurosurg Psychiatry.  2005;76(2):191–5.  

11.  Liberale L, Carbone F, Montecucco F, Gebhard C, Lüscher TF, Wegener S, et al. 

Ischemic stroke across sexes: what is the status quo? Front Neuroendocrinol. 12 maggio 

2018;  

12.  Turin TC, Okamura T, Afzal AR, Rumana N, Watanabe M, Higashiyama A, et al. 

Hypertension and lifetime risk of stroke. J Hypertens.  2016;34(1):116–22.  

13.  Weiss J, Freeman M, Low A, Fu R, Kerfoot A, Paynter R, et al. Benefits and Harms 

of Intensive Blood Pressure Treatment in Adults Aged 60 Years or Older: A Systematic 

Review and Meta-analysis. Ann Intern Med. 2017;166(6):419–29.  



 

 
  53 

14.  Khoury JC, Kleindorfer D, Alwell K, Moomaw CJ, Woo D, Adeoye O, et al. Diabetes 

mellitus: a risk factor for ischemic stroke in a large biracial population. Stroke 

2013;44(6):1500–4.  

15.  Peters SAE, Huxley RR, Woodward M. Diabetes as a risk factor for stroke in women 

compared with men: a systematic review and meta-analysis of 64 cohorts, including 

775,385 individuals and 12,539 strokes. Lancet.  2014;383(9933):1973–80.  

16.  Xie X-X, Liu P, Wan F-Y, Lin S-G, Zhong W-L, Yuan Z-K, et al. Blood pressure 

lowering and stroke events in type 2 diabetes: A network meta-analysis of randomized 

controlled trials. Int J Cardiol.  2016; 208:141–6.  

17.  Wang TJ, Massaro JM, Levy D, Vasan RS, Wolf PA, D’Agostino RB, et al. A risk 

score for predicting stroke or death in individuals with new-onset atrial fibrillation in the 

community: the Framingham Heart Study. JAMA.  2003;290(8):1049–56.  

18.  Sun L, Clarke R, Bennett D, Guo Y, Walters RG, Hill M, et al. Causal associations 

of blood lipids with risk of ischemic stroke and intracerebral hemorrhage in Chinese adults. 

Nat Med. 2019;25(4):569–74.  

19.  Willey JZ, Moon YP, Sacco RL, Greenlee H, Diaz KM, Wright CB, et al. Physical 

inactivity is a strong risk factor for stroke in the oldest old: Findings from a multi-ethnic 

population (the Northern Manhattan Study). Int J Stroke. 2017;12(2):197–200.  

20.  Estruch R, Ros E, Salas-Salvadó J, Covas M-I, Corella D, Arós F, et al. Primary 

Prevention of Cardiovascular Disease with a Mediterranean Diet Supplemented with Extra-

Virgin Olive Oil or Nuts. N Engl J Med. 2018;378(25):e34.  

21.  Shah RS, Cole JW. Smoking and stroke: the more you smoke the more you stroke. 

Expert Rev Cardiovasc Ther. 2010;8(7):917–32.  

22.  Hackshaw A, Morris JK, Boniface S, Tang J-L, Milenković D. Low cigarette 

consumption and risk of coronary heart disease and stroke: meta-analysis of 141 cohort 

studies in 55 study reports. BMJ. 24 2018;360:j5855.  

23.  Bhat VM, Cole JW, Sorkin JD, Wozniak MA, Malarcher AM, Giles WH, et al. Dose-

response relationship between cigarette smoking and risk of ischemic stroke in young 

women. Stroke.  2008;39(9):2439–43.  

24.  Vangen-Lønne AM, Wilsgaard T, Johnsen SH, Løchen M-L, Njølstad I, Mathiesen 

EB. Declining Incidence of Ischemic Stroke: What Is the Impact of Changing Risk Factors? 

The Tromsø Study 1995 to 2012. Stroke. 2017;48(3):544–50.  

25.  Kamalian S, Lev MH. Stroke Imaging. Radiol Clin North Am.  2019;57(4):717–32.  

26.  Zerna C, Thomalla G, Campbell BCV, Rha J-H, Hill MD. Current practice and future 

directions in the diagnosis and acute treatment of ischaemic stroke. Lancet. 06 

2018;392(10154):1247–56.  

27.  Bhaskar S, Stanwell P, Cordato D, Attia J, Levi C. Reperfusion therapy in acute 

ischemic stroke: dawn of a new era? BMC Neurol. 2018;18(1):8.  

28.  Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC, Becker K, et 

al. Guidelines for the Early Management of Patients With Acute Ischemic Stroke: 2019 

Update to the 2018 Guidelines for the Early Management of Acute Ischemic Stroke: A 

Guideline for Healthcare Professionals From the American Heart Association/American 

Stroke Association. Stroke. 2019;50(12):e344–418.  



 

 
  54 

29.  El Amki M, Wegener S. Improving Cerebral Blood Flow after Arterial Recanalization: 

A Novel Therapeutic Strategy in Stroke. Int J Mol Sci. 2017;18(12).  

30.  Lees KR, Bluhmki E, von Kummer R, Brott TG, Toni D, Grotta JC, et al. Time to 

treatment with intravenous alteplase and outcome in stroke: an updated pooled analysis of 

ECASS, ATLANTIS, NINDS, and EPITHET trials. Lancet.  2010;375(9727):1695–703.  

31.  Emberson J, Lees KR, Lyden P, Blackwell L, Albers G, Bluhmki E, et al. Effect of 

treatment delay, age, and stroke severity on the effects of intravenous thrombolysis with 

alteplase for acute ischaemic stroke: a meta-analysis of individual patient data from 

randomised trials. Lancet. ;384(9958):1929–35.  

32.  Saver JL, Fonarow GC, Smith EE, Reeves MJ, Grau-Sepulveda MV, Pan W, et al. 

Time to treatment with intravenous tissue plasminogen activator and outcome from acute 

ischemic stroke. JAMA.  2013;309(23):2480–8.  

33.  Tsivgoulis G, Katsanos AH, Malhotra K, Sarraj A, Barreto AD, Köhrmann M, et al. 

Thrombolysis for acute ischemic stroke in the unwitnessed or extended therapeutic time 

window. Neurology.  2020;94(12):e1241–8.  

34.  Berkhemer OA, Fransen PSS, Beumer D, van den Berg LA, Lingsma HF, Yoo AJ, 

et al. A randomized trial of intraarterial treatment for acute ischemic stroke. N Engl J Med. 

1 gennaio 2015;372(1):11–20.  

35.  Nogueira RG, Jadhav AP, Haussen DC, Bonafe A, Budzik RF, Bhuva P, et al. 

Thrombectomy 6 to 24 Hours after Stroke with a Mismatch between Deficit and Infarct. N 

Engl J Med. 04 2018;378(1):11–21.  

36.  Albers GW, Marks MP, Kemp S, Christensen S, Tsai JP, Ortega-Gutierrez S, et al. 

Thrombectomy for Stroke at 6 to 16 Hours with Selection by Perfusion Imaging. N Engl J 

Med. 22 2018;378(8):708–18.  

37.  Saver JL, Goyal M, Bonafe A, Diener H-C, Levy EI, Pereira VM, et al. Stent-retriever 

thrombectomy after intravenous t-PA vs. t-PA alone in stroke. N Engl J Med.  

2015;372(24):2285–95.  

38.  Campbell BCV, Donnan GA, Lees KR, Hacke W, Khatri P, Hill MD, et al. 

Endovascular stent thrombectomy: the new standard of care for large vessel ischaemic 

stroke. Lancet Neurol 2015;14(8):846–54.  

39.  Menon BK, Al-Ajlan FS, Najm M, Puig J, Castellanos M, Dowlatshahi D, et al. 

Association of Clinical, Imaging, and Thrombus Characteristics With Recanalization of 

Visible Intracranial Occlusion in Patients With Acute Ischemic Stroke. JAMA. 11 

2018;320(10):1017–26.  

40.  Barber PA, Demchuk AM, Zhang J, Buchan AM. Validity and reliability of a 

quantitative computed tomography score in predicting outcome of hyperacute stroke before 

thrombolytic therapy. ASPECTS Study Group. Alberta Stroke Programme Early CT Score. 

Lancet. 2000;355(9216):1670–4.  

41.  Horsch AD, Dankbaar JW, Niesten JM, van Seeters T, van der Schaaf IC, van der 

Graaf Y, et al. Predictors of reperfusion in patients with acute ischemic stroke. AJNR Am J 

Neuroradiol 2015;36(6):1056–62.  



 

 
  55 

42.  Iglesias-Rey R, Rodríguez-Yáñez M, Rodríguez-Castro E, Pumar JM, Arias S, 

Santamaría M, et al. Worse Outcome in Stroke Patients Treated with rt-PA Without Early 

Reperfusion: Associated Factors. Transl Stroke Res. 2018;9(4):347–55.  

43.  Cho T-H, Nighoghossian N, Mikkelsen IK, Derex L, Hermier M, Pedraza S, et al. 

Reperfusion within 6 hours outperforms recanalization in predicting penumbra salvage, 

lesion growth, final infarct, and clinical outcome. Stroke. 2015;46(6):1582–9.  

44.  Janjua N, Alkawi A, Suri MFK, Qureshi AI. Impact of arterial reocclusion and distal 

fragmentation during thrombolysis among patients with acute ischemic stroke. AJNR Am J 

Neuroradiol 2008;29(2):253–8.  

45.  Bouleti C, Mewton N, Germain S. The no-reflow phenomenon: State of the art. Arch 

Cardiovasc Dis.  2015;108(12):661–74.  

46.  Morishima I, Sone T, Okumura K, Tsuboi H, Kondo J, Mukawa H, et al. Angiographic 

no-reflow phenomenon as a predictor of adverse long-term outcome in patients treated with 

percutaneous transluminal coronary angioplasty for first acute myocardial infarction. J Am 

Coll Cardiol.  2000;36(4):1202–9.  

47.  Dalkara T, Arsava EM. Can restoring incomplete microcirculatory reperfusion 

improve stroke outcome after thrombolysis? J Cereb Blood Flow Metab. dicembre 

2012;32(12):2091–9.  

48.  Tomsick T. TIMI, TIBI, TICI: I came, I saw, I got confused. AJNR Am J Neuroradiol.  

2007;28(2):382–4.  

49.  Bai J, Lyden PD. Revisiting cerebral postischemic reperfusion injury: new insights in 

understanding reperfusion failure, hemorrhage, and edema. Int J Stroke.  2015;10(2):143–

52.  

50.  Mizuma A, Yenari MA. Anti-Inflammatory Targets for the Treatment of Reperfusion 

Injury in Stroke. Front Neurol. 2017;8:467.  

51.  Kuroda S, Siesjö BK. Reperfusion damage following focal ischemia: 

pathophysiology and therapeutic windows. Clin Neurosci. 1997;4(4):199–212.  

52.  Collins AR, Schnee J, Wang W, Kim S, Fishbein MC, Bruemmer D, et al. 

Osteopontin modulates angiotensin II-induced fibrosis in the intact murine heart. J Am Coll 

Cardiol 2004;43(9):1698–705.  

53.  Inoue M, Shinohara ML. Intracellular osteopontin (iOPN) and immunity. Immunol 

Res. ;49(1–3):160–72.  

54.  Nomiyama T, Perez-Tilve D, Ogawa D, Gizard F, Zhao Y, Heywood EB, et al. 

Osteopontin mediates obesity-induced adipose tissue macrophage infiltration and insulin 

resistance in mice. J Clin Invest. 2007;117(10):2877–88.  

55.  Sato W, Tomita A, Ichikawa D, Lin Y, Kishida H, Miyake S, et al. CCR2(+)CCR5(+) 

T cells produce matrix metalloproteinase-9 and osteopontin in the pathogenesis of multiple 

sclerosis. J Immunol.  2012;189(10):5057–65.  

56.  Wong CK, Lit LCW, Tam LS, Li EK, Lam CWK. Elevation of plasma osteopontin 

concentration is correlated with disease activity in patients with systemic lupus 

erythematosus. Rheumatology (Oxford). maggio 2005;44(5):602–6.  



 

 
  56 

57.  Xu L, Ma X, Wang Y, Li X, Qi Y, Cui B, et al. The expression and pathophysiological 

role of osteopontin in Graves’ disease. J Clin Endocrinol Metab. 2011;96(11): E1866-1870.  

58.  Raja R, Kale S, Thorat D, Soundararajan G, Lohite K, Mane A, et al. Hypoxia-driven 

osteopontin contributes to breast tumor growth through modulation of HIF1α-mediated 

VEGF-dependent angiogenesis. Oncogene. 17 aprile 2014;33(16):2053–64.  

59.  Takafuji V, Forgues M, Unsworth E, Goldsmith P, Wang XW. An osteopontin 

fragment is essential for tumor cell invasion in hepatocellular carcinoma. Oncogene. 27 

2007;26(44):6361–71.  

60.  Kahles F, Findeisen HM, Bruemmer D. Osteopontin: A novel regulator at the cross 

roads of inflammation, obesity and diabetes. Mol Metab. luglio 2014;3(4):384–93.  

61.  Psarras S, Mavroidis M, Sanoudou D, Davos CH, Xanthou G, Varela AE, et al. 

Regulation of adverse remodelling by osteopontin in a genetic heart failure model. Eur Heart 

J. 2012;33(15):1954–63.  

62.  Waller AH, Sanchez-Ross M, Kaluski E, Klapholz M. Osteopontin in cardiovascular 

disease: a potential therapeutic target. Cardiol Rev. 2010;18(3):125–31.  

63.  Lund SA, Giachelli CM, Scatena M. The role of osteopontin in inflammatory 

processes. J Cell Commun Signal. 2009;3(3–4):311–22.  

64.  Carbone F, Vuilleumier N, Burger F, Roversi G, Tamborino C, Casetta I, et al. Serum 

osteopontin levels are upregulated and predict disability after an ischaemic stroke. Eur J 

Clin Invest.  2015;45(6):579–86.  

65.  Suezawa C, Kusachi S, Murakami T, Toeda K, Hirohata S, Nakamura K, et al. Time-

dependent changes in plasma osteopontin levels in patients with anterior-wall acute 

myocardial infarction after successful reperfusion: correlation with left-ventricular volume 

and function. J Lab Clin Med. gennaio 2005;145(1):33–40.  

66.  Mathold K, Wanby P, Brudin L, Von SP, Carlsson M. Alterations in bone turnover 

markers in patients with noncardio-embolic ischemic stroke. PLoS ONE. 

2018;13(11):e0207348.  

67.  Shin Y-J, Kim HL, Choi J-S, Choi J-Y, Cha J-H, Lee M-Y. Osteopontin: correlation 

with phagocytosis by brain macrophages in a rat model of stroke. Glia. 2011;59(3):413–23.  

68.  Jauch EC, Saver JL, Adams HP, Bruno A, Connors JJB, Demaerschalk BM, et al. 

Guidelines for the early management of patients with acute ischemic stroke: a guideline for 

healthcare professionals from the American Heart Association/American Stroke 

Association. Stroke. 2013;44(3):870–947.  

69.  Powers WJ, Derdeyn CP, Biller J, Coffey CS, Hoh BL, Jauch EC, et al. 2015 

American Heart Association/American Stroke Association Focused Update of the 2013 

Guidelines for the Early Management of Patients With Acute Ischemic Stroke Regarding 

Endovascular Treatment: A Guideline for Healthcare Professionals From the American 

Heart Association/American Stroke Association. Stroke. ottobre 2015;46(10):3020–35.  

70.  Benson JC, Payabvash S, Mortazavi S, Zhang L, Salazar P, Hoffman B, et al. CT 

Perfusion in Acute Lacunar Stroke: Detection Capabilities Based on Infarct Location. AJNR 

Am J Neuroradiol. 2016;37(12):2239–44.  

71.  Morelli N, Rota E, Michieletti E, Guidetti D. The «Vexata Quaestio» on Lacunar 

Stroke: The Role of CT Perfusion Imaging. AJNR Am J Neuroradiol. 2017;38(2):E11–2.  



 

 
  57 

72.  Brott T, Adams HP, Olinger CP, Marler JR, Barsan WG, Biller J, et al. Measurements 

of acute cerebral infarction: a clinical examination scale. Stroke.  1989;20(7):864–70.  

73.  Katzan IL, Lapin B. PROMIS GH (Patient-Reported Outcomes Measurement 

Information System Global Health) Scale in Stroke: A Validation Study. Stroke. 

2018;49(1):147–54.  

74.  Dargazanli C, Arquizan C, Gory B, Consoli A, Labreuche J, Redjem H, et al. 

Mechanical Thrombectomy for Minor and Mild Stroke Patients Harboring Large Vessel 

Occlusion in the Anterior Circulation: A Multicenter Cohort Study. Stroke. 

2017;48(12):3274–81.  

75.  Campbell BCV, Mitchell PJ, Kleinig TJ, Dewey HM, Churilov L, Yassi N, et al. 

Endovascular therapy for ischemic stroke with perfusion-imaging selection. N Engl J Med. 

12 2015;372(11):1009–18.  

76.  Higashida RT, Furlan AJ, Roberts H, Tomsick T, Connors B, Barr J, et al. Trial 

design and reporting standards for intra-arterial cerebral thrombolysis for acute ischemic 

stroke. Stroke. 2003;34(8):e109-137.  

77.  Wintermark M, Flanders AE, Velthuis B, Meuli R, van Leeuwen M, Goldsher D, et 

al. Perfusion-CT assessment of infarct core and penumbra: receiver operating characteristic 

curve analysis in 130 patients suspected of acute hemispheric stroke. Stroke.  

2006;37(4):979–85.  

78.  Brott T, Marler JR, Olinger CP, Adams HP, Tomsick T, Barsan WG, et al. 

Measurements of acute cerebral infarction: lesion size by computed tomography. Stroke.  

1989;20(7):871–5.  

79.  Soares BP, Tong E, Hom J, Cheng S-C, Bredno J, Boussel L, et al. Reperfusion is 

a more accurate predictor of follow-up infarct volume than recanalization: a proof of concept 

using CT in acute ischemic stroke patients. Stroke. 2010;41(1):e34-40.  

80.  Choi J-S, Kim H-Y, Cha J-H, Choi J-Y, Lee M-Y. Transient microglial and prolonged 

astroglial upregulation of osteopontin following transient forebrain ischemia in rats. Brain 

Res.  2007; 1151:195–202.  

81.  Baliga SS, Merrill GF, Shinohara ML, Denhardt DT. Osteopontin expression during 

early cerebral ischemia-reperfusion in rats: enhanced expression in the right cortex is 

suppressed by acetaminophen. PLoS ONE. 2011;6(1): e14568.  

82.  Carbone F, Rigamonti F, Burger F, Roth A, Bertolotto M, Spinella G, et al. Serum 

levels of osteopontin predict major adverse cardiovascular events in patients with severe 

carotid artery stenosis. Int J Cardiol. 2018; 255:195–9.  

83.  Nagar VA, McKinney AM, Karagulle AT, Truwit CL. Reperfusion phenomenon 

masking acute and subacute infarcts at dynamic perfusion CT: confirmation by fusion of CT 

and diffusion-weighted MR images. AJR Am J Roentgenol.2009;193(6):1629–38.  

84.  Pan J, Konstas A-A, Bateman B, Ortolano GA, Pile-Spellman J. Reperfusion injury 

following cerebral ischemia: pathophysiology, MR imaging, and potential therapies. 

Neuroradiology. 2007;49(2):93–102.  

85.  Yemisci M, Gursoy-Ozdemir Y, Vural A, Can A, Topalkara K, Dalkara T. Pericyte 

contraction induced by oxidative-nitrative stress impairs capillary reflow despite successful 

opening of an occluded cerebral artery. Nat Med. 2009;15(9):1031–7.  



 

 
  58 

86.  Ito U, Hakamata Y, Kawakami E, Oyanagi K. Temporary [corrected] cerebral 

ischemia results in swollen astrocytic end-feet that compress microvessels and lead to 

delayed [corrected] focal cortical infarction. J Cereb Blood Flow Metab. 2011;31(1):328–38.  

87.  Tachibana M, Ago T, Wakisaka Y, Kuroda J, Shijo M, Yoshikawa Y, et al. Early 

Reperfusion After Brain Ischemia Has Beneficial Effects Beyond Rescuing Neurons. Stroke. 

2017;48(8):2222–30.  

88.  Saver JL, Jahan R, Levy EI, Jovin TG, Baxter B, Nogueira RG, et al. Solitaire flow 

restoration device versus the Merci Retriever in patients with acute ischaemic stroke 

(SWIFT): a randomised, parallel-group, non-inferiority trial. Lancet.  2012;380(9849):1241–

9.  

89.  Nogueira RG, Lutsep HL, Gupta R, Jovin TG, Albers GW, Walker GA, et al. Trevo 

versus Merci retrievers for thrombectomy revascularisation of large vessel occlusions in 

acute ischaemic stroke (TREVO 2): a randomised trial. Lancet. 2012;380(9849):1231–40.  

90.  Angermaier A, Khaw AV, Kirsch M, Kessler C, Langner S. Influence of 

Recanalization and Time of Cerebral Ischemia on Tissue Outcome after Endovascular 

Stroke Treatment on Computed Tomography Perfusion. J Stroke Cerebrovasc Dis.  

2015;24(10):2306–12.  

91.  Gölitz P, Muehlen I, Gerner ST, Knossalla F, Doerfler A. Ultraearly assessed 

reperfusion status after middle cerebral artery recanalization predicting clinical outcome. 

Acta Neurol Scand. 2018;137(6):609–17.  

92.  De Silva DA, Fink JN, Christensen S, Ebinger M, Bladin C, Levi CR, et al. Assessing 

reperfusion and recanalization as markers of clinical outcomes after intravenous 

thrombolysis in the echoplanar imaging thrombolytic evaluation trial (EPITHET). Stroke. 

2009;40(8):2872–4.  

93.  Eilaghi A, Brooks J, d’Esterre C, Zhang L, Swartz RH, Lee T-Y, et al. Reperfusion is 

a stronger predictor of good clinical outcome than recanalization in ischemic stroke. 

Radiology. 2013;269(1):240–8.  

94.  An H, Ford AL, Eldeniz C, Chen Y, Vo KD, Zhu H, et al. Reperfusion Beyond 6 Hours 

Reduces Infarct Probability in Moderately Ischemic Brain Tissue. Stroke.  2016;47(1):99–

105.  

95.  Dankbaar JW, Horsch AD, van den Hoven AF, Kappelle LJ, van der Schaaf IC, van 

Seeters T, et al. Prediction of Clinical Outcome After Acute Ischemic Stroke: The Value of 

Repeated Noncontrast Computed Tomography, Computed Tomographic Angiography, and 

Computed Tomographic Perfusion. Stroke. 2017;48(9):2593–6.  

96.  Kalogeris T, Baines CP, Krenz M, Korthuis RJ. Ischemia/Reperfusion. Compr 

Physiol. 06 2016;7(1):113–70.  

97.  Montecucco F, Liberale L, Bonaventura A, Vecchiè A, Dallegri F, Carbone F. The 

Role of Inflammation in Cardiovascular Outcome. Curr Atheroscler Rep. 2017;19(3):11.  

98.  Nour M, Scalzo F, Liebeskind DS. Ischemia-reperfusion injury in stroke. Interv 

Neurol. 2013;1(3–4):185–99.  

99.  Marchal G, Young AR, Baron JC. Early postischemic hyperperfusion: 

pathophysiologic insights from positron emission tomography. J Cereb Blood Flow Metab. 

1999;19(5):467–82.  



 

 
  59 

100.  Gaudinski MR, Henning EC, Miracle A, Luby M, Warach S, Latour LL. Establishing 

final infarct volume: stroke lesion evolution past 30 days is insignificant. Stroke.  

2008;39(10):2765–8.  

101.  Soares BP, Dankbaar JW, Bredno J, Cheng S, Bhogal S, Dillon WP, et al. 

Automated versus manual post-processing of perfusion-CT data in patients with acute 

cerebral ischemia: influence on interobserver variability. Neuroradiology. 2009;51(7):445–

51.  

102.  Pezzini A, Busto G, Zedde M, Gamba M, Zini A, Poli L, et al. Vulnerability to 

Infarction During Cerebral Ischemia in Migraine Sufferers. Stroke. 2018;49(3):573–8.  

103.  Padroni M, Bernardoni A, Tamborino C, Roversi G, Borrelli M, Saletti A, et al. 

Cerebral Blood Volume ASPECTS Is the Best Predictor of Clinical Outcome in Acute 

Ischemic Stroke: A Retrospective, Combined Semi-Quantitative and Quantitative 

Assessment. PLoS ONE. 2016;11(1): e0147910.  



 

 
  60 

7.    Acknowledgements 
 

Desidero ringraziare: 

Il mio relatore, Professor Montecucco Fabrizio, per la disponibilità e l’attenzione 

dimostrate durante questo percorso e per avermi introdotto al mondo della ricerca. 

Il Professor Carbone Federico, co-relatore di tesi, per il supporto costante e per le 

dritte indispensabili alla realizzazione di questo elaborato. 

La Dott.ssa Bertolotto Maria, per i consigli e per gli insegnamenti datimi in 

laboratorio. 

I miei nonni, Nonna Pucci e Nonno Mino, a cui dedico la tesi di laurea, per avermi 

guidato con la vostra saggezza. Nonno Mino so che saresti stato fiero di me.  

I miei genitori per il sostegno affettuoso e costante di ogni giorno, oltre che per il 

supporto economico, sempre assicuratomi in tutti questi anni. 

Tutta la mia famiglia: Ale, Chiara, i miei splendidi nipoti Elisa e Gabriele, nonno 

Ersilio, Luca, Sofia, Zia Emi, Zio Claudio per il supporto e la motivazione. Prima o 

poi tutte le ansie e le preoccupazioni che vi ho gentilmente donato dovevano essere 

ripagate! Soldi non ne ho quindi spero che la mia tesi possa bastarvi.  

I miei due coinquilini storici di Corso Europa 345, Bira e Pala, che non sono stati 

solamente ragazzi con cui ho condiviso una casa ma grandi amici. 

I Fagi: Ale Suppa, Cami, Ele, Ila, Jacki, Lau, Linda, Nico, Umbe, accomunati dal 

nostro vissuto a Pavia, probabilmente è l’avervi conosciuto il motivo per cui amo 

così tanto quella città. Nonostante il fatto di essere lontani non ci siamo mai separati 

veramente. Grazie anche a Brambo, Compa, Dade e Depa per tutti i momenti di 

spensieratezza. Lo so, non posso cavarmela solo con questa dedica, ci vorranno 

un po’ di brindisi per ringraziarvi! 

Grio, compagno di gioco sin dall’infanzia e insostituibile amico, porto sicuro dove 

rifugiarmi quando il mare è in tempesta. 

Tutti i miei compagni di corso che anche solo per un momento hanno reso più 

sopportabile questo lungo e faticoso percorso, anche semplicemente con una pausa 



 

 
  61 

caffè o un pranzo a Neuro. Specialmente ringrazio Bianca, Bosi, Ceci, Dadu, 

Francesca, Fede Risso, Fede Traverso, Giada, Laura, Pizza, Pungi, Richi, Sam. 

I miei compagni d’Erasmus, per avermi accompagnato in un’esperienza di vita 

incredibile nella bella Anversa: Aris, Bence, Celia, Diego, Gabri, Gui, Guz, Matte, 

Mees, Nabil, Pier, Tori e tutti gli altri.  

Infine, ringrazio Arianna, per avermi supportato ed a volte anche sopportato da oltre 

sei anni, oltre che per la sua capacità di infondermi forza e comprendermi, cosa per 

nulla scontata. Teniamoci stretti che c’è vento forte.  


