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Preface

Among all neurological diseases, cerebrovascular diseases (CVDs) stand out for 
their considerable frequency. They are a leading cause of death for both men and 
women. A stroke is the sudden onset of a focal neurologic deficit. Strokes are 
categorized as ischemic or hemorrhagic, with the former being due to occlusion of 
a blood vessel and the latter being due to bursting of a blood vessel. The resulting 
neurological syndrome corresponds to a portion of the brain that is supplied by one 
or more cerebral vessels, resulting in stroke syndromes.

This book discusses the fundamental principles of cerebrovascular diseases. 
Chapter 1 presents aspects of inflammatory and oxidative stress associated with 
CVDs, focusing on biomarkers. It also examines the role of omega oils and the 
intracellular molecular network associated with tissue load in these conditions. 
Chapter 2 deals with CVD and hypertension, particularly systemic hypertension, 
which is a major public health problem affecting nearly one-third of the global adult 
population. It is the main modifiable risk factor for vascular diseases leading to 
considerable degrees of morbidity and mortality. A large body of clinical evidence 
has shown that adequate control of high blood pressure can be a very effective 
tool in reducing the incidence and prevalence of CVDs. Chapter 3 discusses 
atrial fibrillation, which is one of the main causes of morbidity and mortality in 
adults, especially due to its strong association with stroke. The chapter presents 
the typical clinical and radiological features of cardioembolic strokes, addressing 
acute reperfusion therapies. Chapter 4 discusses cryptogenic stroke (CS), which is 
a challenging pathology responsible for approximately 30%–40% of all ischemic 
strokes. Despite being defined as the presence of cerebral infarctions, a cause that 
was not identified despite an adequate diagnostic evaluation, there is a certain 
subgroup of CS with embolic features in neuroimaging studies and without 
evidence of alternative atrial fibrillation or any alternative cause. Therefore, the 
chapter reviews information on the rationale and data behind the pathophysiology, 
proposed biomarkers, and therapeutic implications of CS. Despite being defined 
as the presence of cerebral infarctions, a cause that was not identified despite an 
adequate diagnostic evaluation, there is a certain subgroup of CS with embolic 
features in neuroimaging studies and without evidence of alternative atrial 
fibrillation or any alternative cause, therefore we reviewed information on the 
rationale and data behind its pathophysiology, proposed biomarkers of atrial 
heart disease, and therapeutic implications in cerebrovascular disease. Chapter 5 
discusses cerebrovascular diseases as an important cause of dementia. Their 
presence, isolated or associated with degenerative conditions, increases the risk of 
conversion to progressive cognitive decline, with neuropsychiatric manifestations 
varying according to the affected brain territory and the disrupted neuronal 
circuits. The chapter also explores diagnostic and therapeutic approaches, including 
preventive and health promotion strategies for timely management of vascular 
risk factors and symptomatic approaches. Chapter 6 discusses cerebral vasospasm, 
which is a major cause of mortality and disability in patients with acute cerebral 
circulatory disorders. Chapter 7 reviews and addresses reperfusion therapies with 
a focus on intravenous thrombolytic therapy, one of the reperfusion therapies 
applied in the acute phase of stroke. Chapter 8 deals with infarction stroke and 



IV

blood glucose associated with food consumption in Indonesia. Chapter 9 shows that 
there is an age-associated specificity in the temporal dynamics of changes in visual-
spatial short-term memory. It also highlights the considerable success of systematic 
long-term visual-spatial memory training in old age. Finally, Chapter 10 concludes 
by presenting an overview of stroke and rehabilitation with a specific emphasis 
on occupational therapy. It discusses the activities and areas of participation 
considered important by stroke patients, their needs, and the perceived satisfaction 
of these needs to provide targeted interventions. It also presents the results of 
studies conducted in Zimbabwe.

Dr. Patricia Bozzetto Ambrosi
Professor,

Independent Neuroradiologist Consultant,
Clinical Professor and Academic Researcher,
Fellow of European Academy of Neurology,

London, United Kingdom
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Chapter 1

The Pathophysiological Aspects of 
Cerebral Diseases
Henrique Coelho Silva, Rafael Costa Lima Maia, 
Paulo Roberto Leitao de Vasconcelos  
and Orleancio Gomes Ripardo de Azevedo

Abstract

Introduction. Cerebrovascular disorders are the main causes of heavy burden 
health worldwide, also, it is critical to understand the pathophysiological mecha-
nism and then trying to prevent the neurological sequels. Objective. To discuss 
the inflammatory and oxidative stress aspects associated to the cerebrovascular 
diseases, focusing on biomarkers, also the role of omega oils, and the intracellular 
molecular network associated to the tissue burden on those conditions. Results. 
One of the most promising biomarkers it is Neuron-Specific Enolase (NSE). Serum 
NSE levels were elevated in stroke-patients compared to the non-stroke controls. 
Also, studies have demonstrated that in specific ratio omega oils 3, 6 and 9 can ame-
liorate the inflammatory and oxidative stress in nervous tissue and could be useful 
to the inflammatory and oxidative stress negative effects of cerebrovascular dis-
eases. In addition, the study of the molecular mechanisms is essential to understand 
which molecules could be addressed in cascade of events preventing the permanent 
damage on the nervous tissue. Final considerations. The studies on cerebrovascular 
disorders must precisely identify the mechanisms and key molecules involved and 
improve the time of diagnostics and prognostics reducing the negative impacts of 
those conditions.

Keywords: Neuroinflammation, oxidative stress, omega oils, biomarkers, molecular 
Cascade, pathophysiology

1. Introduction

Cerebrovascular disease is an important cause of severe health impairment 
and/or death, being the stroke, the main event-related as a cause of this group 
of diseases. The American Association of Neurological Surgeons (AANS) define 
cerebrovascular disease as disorder, in which, an area of the brain is temporarily or 
permanently affected by ischemia or bleeding and one or more of the cerebral blood 
vessels are involved in the pathological process, which includes stroke, carotid steno-
sis, vertebral and intracranial stenosis, aneurysms, and vascular malformations [1].

Other conditions such as brain tumors, neurotrauma, intracerebral hematoma, 
and aneurysmal subarachnoid hemorrhage, could be potentially important depending 
on the incidence or prevalence in populations across the world [2]. Cerebrovascular 
diseases are frequently associated with the high financial cost to the public and private 
health system across developed and under-resourced countries.
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2. Expenditures for cerebrovascular disease patients

Brazil has shown a high level of economic burden to manage and treat cerebro-
vascular diseases. In a Brazilian report, the authors have demonstrated the annual 
costs and use of health care compared, age and sex paired healthy individuals to 
patients with cerebrovascular disease [3].

Reis Neto and Busch evaluated the annual costs and the use of private health 
care systems comparing 71,094 individuals among healthy controls and patients 
with cerebrovascular conditions. The 12 months follow-up report, found that the 
annual individual expenditure was 65.6% higher compared to the control group 
without any cerebrovascular condition [3].

Several reports have demonstrated that the main cause of cerebrovascular 
disease is stroke, which leads to a huge impact on brain tissue due to restriction on 
blood flow compromising the nervous tissue and leading to negative effects.

3. Stroke

According to the World Health Organization (WHO), stroke is a condition 
that the blood flow is interrupted leading to a focal or global disturbance on brain 
functions showing symptoms during at least 24 hours or longer or even leading to 
the death of the patient [4].

3.1 Types of strokes

Since the stroke is related to the blood flow to the nervous tissue, the stroke 
could be divided into (1) ischemic stroke and (2) hemorrhagic stroke.

The ischemic stroke resulted in obstruction of a large vessel in the brain or 
cervical region leading to reduced levels of oxygen and glucose diffusion to the 
after-occlusion regions, particularly classified in two regions—penumbra and 
ischemic core (Figure 1) with some important characteristics. On the other hand, 
hemorrhagic stroke is produced due to a rupture of a vessel mainly due to hyper-
tensive disease, coagulation disorders vascular malformation and could be poten-
tialized by diet and other modifiable factors [4].

Figure 1. 
A schematic illustration for brain damage provoked by an ischemic stroke (created with BioRender.com®).
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Worldwide in 2016, there were 5.5 million deaths related to the conse-
quences of stroke, in addition, 80.1 million prevalent cases, being 41.1 and 
39.0 in female and male respectively, also 13.7 million new cases of stroke cases 
 worldwide [5].

The last published 2021 guideline for the prevention of stroke summarizes the 
types and subtypes of stroke (Figure 2) according to the anatomy location and 
involvement [6–8]. Those phenotypes are key features to provide accurate informa-
tion to the physician to take a correct decision and may deliver a proper assistance to 
the patients.

In the acute phase of cerebral arterial occlusion, the critical treatment consists 
of recovering cerebral reperfusion as soon as possible. Currently, two therapies are 
validated for this purpose—intravenous thrombolytic (rtPA) and/or mechanical 
thrombectomy [9].

Each of these modalities has advantages and disadvantages. However, less than 
20% of all stroke patients are candidates for mechanical thrombectomy, making 
primary and secondary prevention still the major factors to reduce the number 
of cases in the world. The prevention of stroke is based on a healthy diet, regular 
exercise, and avoiding smoking and alcohol consumption.

3.2 Pathophysiology of stroke

In ischemic stroke, an interruption in cellular oxidative metabolism decreases 
the oxidative metabolism, levels of calcium and sodium, these key factors lead 
to a reduction in oxygen-based neuronal mitochondrial function, energetic 

Figure 2. 
The classification of stroke subtypes according to the definition and anatomical localization (created with 
BioRender.com®).
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debit, production, and releasing of inflammatory mediators (prostaglandin and 
leukotrienes), in addition, vasoconstriction, platelet aggregation, and vessel 
occlusion.

On the other hand, a hemorrhagic cerebrovascular event, an acute vessel rupture 
of encephalic structures; a secondary ischemic lesion around the hematoma may 
also occur [10–12].

The anti-inflammatory and antioxidative roles of omega oils 3, 6, and 9 have 
been largely investigated in cerebrovascular diseases [13–15].

The economical, epidemiological, and pathophysiology impacts of cerebrovas-
cular diseases are huge and must be addressed to improve the comprehension of 
all the factors that are related to the genesis and the disease progression of these 
conditions. Thus, the animal models could be potentially positive helping to clarify 
all the key factors related to cerebrovascular diseases.

3.3 Inflammatory and oxidative state in stroke

Several studies have been conducted in the past to assess the benefit 
of cerebral arterial reperfusion, but only in 1995, the benefit was proven 
using  intravenous thrombolysis with alteplase (tPA) to break the cerebral 
 thrombus [16].

A recent report has suggested superiority in treatment with a new clot buster 
“tenecteplase” (TNK), a variant of tPA, but possesses greater fibrin specificity and 
a longer half-life, making it potentially safer and a more effective drug for stroke 
[17]. In addition to intravenous thrombolytic therapy, the treatment of patients 
with stroke is having profound modifications due to the endovascular treatment of 
cerebral reperfusion, increasing the therapeutic window for up to 24 hours from the 
onset of initial symptoms [18].

Early treatment is the most critical factor for successful reperfusion therapy 
of acute ischemic stroke. The researchers only discovered the correct way to treat 
stroke patients in the acute phase after understanding exactly how the alteration in 
cerebral blood flow modifies the cell function.

Acute occlusion of an arterial branch responsible for the irrigation of a 
brain area triggers an inflammatory cascade that clinically manifests as an 
acute neurological deficit. However, according to the degree of dependence 
of that cell on the vessel, different metabolic responses will occur. The brain 
requires a continuous supply of oxygen and glucose to maintain physiologic 
function.

The regular brain perfusion rate is approximately 50–60 mL/100 g tissue/min, if 
cerebral blood flow is interrupted, then neuronal metabolism can be affected after 
30 seconds of interruption and will completely stop within 2 minutes of depriva-
tion. Through the increase in the cellular capacity to extract oxygen under low 
supply conditions, no symptoms are observed until the brain blood flow reaches 
around 20–30 mL/100 g/min [19], and then the energy generation is shifted to the 
anaerobic glycolysis pathway.

This is the basis of the glutamate excitotoxicity theory and may 
explain why pyramidal neurons in the hippocampus and Purkinje cells in the 
cerebellum that rely on glutamate neurotransmission are particularly vulner-
able to ischemia [20]. The center of the irrigated tissue area, when receiving 
less than 10 ml/100 g of brain tissue, after 4–5 minutes, cannot maintain the 
sodium and potassium transporter working, generating a cytotoxic edema that 
will evolve to cell apoptosis, a process mediated by calcium and the glutamate 
(Figure 3) [21].
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3.4 Stroke blood biomarkers

One of the major difficulties for the acute treatment of patients with 
cerebral ischemia is early diagnosis through a serum biomarker since stroke 
often occurs with atypical and nonspecific symptoms, known as “stroke chame-
leons” [22].

The biomarker must be reliable, rapidly measured, and readily available, to be 
considered a good biomarker for stroke. In addition, the biomarker must help in 
determining the mechanism of injury, differentiating in cardioembolic, athero-
thrombotic, or prothrombotic state [23].

However, the stroke biomarkers do not have sufficient data to support an ideal 
concept of sensitivity and specificity [24] to standard any biomarker by itself to 
characterize the progression of the disease. In addition, Lassen, and cols., first 
reported that acute occlusion of an arterial branch responsible for the irrigation of 
a brain area triggers an inflammatory cascade that clinically manifests as an acute 
neurological deficit. However, different metabolic responses will occur leading to 
difficulty to identify a biomarker that shows specificity and sensibility for a lab 
detection [19].

One of the most promising markers evaluated is neuron-specific enolase (NSE), 
an enzyme released after neuronal damage. Serum NSE levels were elevated in 
stroke patients compared to the nonstroke controls and are associated with infarct 
volume and high neurological deficit [25]. Nonetheless, the NSE major issue to be 
standardized as a biomarker is delayed-release into the blood flow after brain injury 
compromising, the key role of early diagnosis [26].

Furthermore, the brain natriuretic peptide (BNP) is the main cardiac  
biomarker studied for its relationship with stroke, including the presence of 
paroxysmal atrial fibrillation, although optimal cutoff values for individual profiles 
are undefined [27].

In addition, studies from a European consortium of the population-based cohort 
(approximately 58.000 stroke-free participants), evaluating brain natriuretic 
peptide (BNP) levels, demonstrated that increased levels of NT-proBNP were 
associated with the higher risk of ischemic and hemorrhagic stroke [28].

Another study assessing 381 patients diagnosed with the transient ischemic 
attack (TIA), has shown an NT-proBNP level > 800 pg./mL, which was indepen-
dently associated with a higher risk of stroke over 37 months follow-up [29].

Figure 3. 
Molecular pathways outlining the role of glutamate in excitotoxicity following stroke (created with 
BioRender.com®).
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4. Animals models in cerebrovascular diseases

The pathophysiology of cerebrovascular diseases such as ischemia has been stud-
ied in several animal models. These models have shown many metabolic alterations 
leading to cellular lesions in specific brain regions, depending on the duration of the 
blood flow restriction [10–12].

The use of small animals (e.g., mice, rats, gerbils, or rabbits) have an important 
advantage; lower maintenance costs compared to larger animals. The rat is the most 
used in stoke studies, due to the physiology and anatomy similarity to the humans 
[30], however, the mouse could be potentially useful, since is the uses of transgenic 
technology that can assess the molecular pathophysiology of stroke [31, 32].

The middle cerebral artery permanent or transient occlusion (MCAo) is less 
invasive and does not require craniectomy and has been widely used in published 
reports. In the transient method, the duration of suture varies between 60 and 
120 minutes inducing high levels of infarction (Figure 4) [33].

The photothrombosis model is based on intravascular oxidation through irradia-
tion with a light beam in a specific wavelength, generating oxygen radicals that lead to 
inflammation-like damage [34]. The Endothelin-1, a potent vasoconstrictor, it is admin-
istered in the Middle of Cerebral Artery (MCA) leading to the animal develops stroke.

Figure 4. 
The representation of bilateral occlusion of common carotid arteries. (created with BioRender.com®).
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Another model is the embolic stroke that uses clots with spheres of dextran or 
other supraparamagnetic iron oxides, TiO2, and ceramic that could develop occlu-
sion and lead to stroke [35].

In the last years of animal models to understand the mechanisms involved in 
stroke, it is widely used to evaluate key targets and therapeutics molecules investi-
gating the protectives and treatments tools. The administration of omega 3, 6, and 
9 could be a useful tool to protect the nervous tissue against the inflammatory and 
oxidative damages produced by stroke [33–35].

4.1 Use of omega, 3, 6 and 9 in brain ischemia animal models

The brain ischemia leads to several metabolic alterations in carbohydrates 
metabolism in an experimental model of brain ischemia-induced only by the 
bilateral occlusion of common carotid arteries in rats [36].

However, some evidence suggests that ketone bodies are utilized to generate 
energy in some extreme situations such as ischemia [37]. In addition, in a report 
from Faria and cols in 2007, the authors have demonstrated, that using 48 male 
Wistar rats submitted to the occlusion of common carotid arteries, increased 
cerebral uptake of acetoacetate (ACT) and beta-hydroxybutyrate (BHB) following 
brain ischemia [38].

Pinheiro and cols in 2011, have shown that the preconditioning of 42 male 
rats with different omega oil mix preparations promoted protection against the 
deleterious effects of ischemia/reperfusion injury demonstrated by the reduction 
of red neurons in the group that received mix 2 (omega 6: omega 3 ratio— 1.4:1; 
omega 9: omega 6 ratio—3.4:1) source of omega 3 ALA (35%) + EPA (39%) + DHA 
(26%) [39].

In 2011 Campelo et al., using occlusion of the common bilateral carotid arter-
ies ischemia model demonstrated that the pretreatment using nitrosyl-ruthenium 
(Rut-bpy) decreased the mean arterial pressure variations throughout the transi-
tion of brain ischemia to reperfusion, in addition, decreased the ischemic area, also 
Rut-bpy pretreatment reduced NF-kB hippocampal immunostaining and protein 
expression with improved histopathology scoring as compared to the untreated 
ischemic-group control [40].

Pires and colleagues in 2011, using the L-Ala-Gln preconditioned gerbils 
(Meriones unguiculatus) under the transient bilateral occlusion of the com-
mon carotid arteries, demonstrated a significant increased GSH levels [41]. 
Furthermore, Oliveira and cols. Demonstrated an important reduction on TNF-α, 
NF-κB, IL-6, and HO-1, inflammatory mediators in pretreated gerbils with 
L-Ala-Gln [42].

5. The pathophysiology of subarachnoid hemorrhage

In addition to stoke, the role of the oxidative state in the context of subarachnoid 
hemorrhage is another fascinating topic that deserves to be studied.

The incidence of delayed cerebral ischemia (DCI) is around 30%, with 
DCI remaining the major cause of morbidity and mortality among patients 
who survive the initial treatment of the ruptured aneurysm [43]. The DCI is 
frequently associated with the early arteriolar vasospasm with microthrom-
bosis, perfusion difficulty and neurovascular uncoupling, spreading neurons 
depolarizations, and inflammatory responses that begin at the time of the 
aneurysmal subarachnoid hemorrhage (aSAH) and evolve over time, culminat-
ing in cortical infarction [44].
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The aSAH (approximately the origin of 5% of all strokes) is a complex cerebrovas-
cular disease with severe systemic complications. The worldwide incidence of aSAH 
is approximately 700,000 cases annually with a mortality rate of about 40% [45].

The initial global hypoperfusion after aSAH leads to inflammatory processes, 
which occur in blood vessels as well as in cerebrospinal fluid (CSF) and then 
macrophages and neutrophils enter the subarachnoid space releasing proinflam-
matory factors [46].

The initial aneurysmal rupture deposits blood within the subarachnoid space, 
the methemoglobin, heme, and hemin resulting from red blood cell breakdown and 
hemoglobin metabolism, which can lead to activation of TLR4, which stimulates a pro-
inflammatory cascade damaging neurons and white matter. Hemin has been associated 
with the release of redox-active iron, which depletes antioxidant stores, such as, nico-
tinamide adenine dinucleotide phosphate (NADPH) and glutathione while producing 
superoxide and hydroxyl radicals as well as increasing lipid peroxidation [47].

Some clinical studies have found that modulating inflammation following aSAH 
is beneficial, on the other hand, several studies have shown, no beneficial effect at 
all. It is likely that activation of inflammation at different time points post rupture, 
is associated with different protective or detrimental responses depending on the 
microenvironment and type of cells recruited to the inflammatory site [48].

One of the most commonly proinflammatory biomarkers used as a clinical indi-
cator of its C-reactive protein (CRP), that plays an important role in disease diagno-
sis and treatment and management evaluation. Recent research has shown that CRP 
(C-reactive protein) is an independent predictor of outcome after aSAH [49].

In a study conducted from January 2012 to June 2017, developed in South Korea, 
the researchers evaluating 156 patients diagnosed with aSAH found, evidence that 
serial measurements of CRP may be used to predict neurological outcomes of SAH 
patients, in addition, maximal CRP levels within 4 days post-SAH are significantly 
correlated with poor neurological outcomes [50].

Injection of proinflammatory components induces cerebral vasospasm, even in 
the absence of blood breakdown products (Figure 5) [48].

Figure 5. 
The damage in red blood cells, led to the release of molecules such as heme, hemin, and methemoglobin, 
through the TLR4, activating the group box 1 genes and then leading to the production and releasing of 
proinflammatory molecules TNF-α and NF-κB [51] (created with BioRender.com®).
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Clinically, the inflammatory response appears in close temporal relationship 
with the spasm and direct proportion to the magnitude of the inflammatory 
response [52]. These findings have been supported by evidence suggesting that the 
accumulation of inflammatory cells closely parallels neuronal cell death. Cell death 
near the vasculature has been substantially reduced by the depletion of inflamma-
tory cells in preclinical studies [53].

One of the main lines of research related to aSAH is the identification of a 
specific biomarker related to the risk of a patient presenting late cerebral ischemia, 
allowing anticipation of specific therapy for the condition.

The difficulty in using biomarkers in clinical practice stems from the variability 
of inflammatory markers according to the phase of hemorrhage, which can protect 
the brain tissue in a certain phase and attack the brain tissue in another phase. In 
addition, the high financial, temporal, and human cost of measuring these markers 
makes them unfeasible, currently, for routine clinical use [54].

6. Inflammatory and oxidative state in brain tumors

Other types of brain lesions, in addition to primarily vascular ones, have 
inflammatory and oxidative aspects in pathogenesis. We will initially discuss brain 
tumors, and the next topic, brain trauma.

The importance of the inflammatory state in oncological diseases in the central 
nervous system (CNS) is already well established and valued. Even with damage to other 
systems, there are changes in the neuroinflammatory microenvironment induced by the 
underlying oncological disease that is reflected in the functioning of the CNS [55–57].

Primary tumors of the nervous system are strongly related to the production 
of reactive oxygen species (ROS), promoting abnormalities in DNA replication, 
activating of proinflammatory gene panel, and subsequent inflammation in the 
tumor microenvironment [58], which is reflected, for example, in the presence of 
tumor-associated macrophages (TAM’s), which arise specifically from microglia in 
the context of gliomas [59, 60].

Presenting all proinflammatory-related genes, cytokines, and mediators 
involved in this state is beyond the scope of this chapter. However, this proinflam-
matory state has been present since the first stages of tumorigenesis [61] and can 
be fed back by the glioma cells themselves, as demonstrated by Lisi 2014 et al., who 
pointed out that brain tumor gene expression varies throughout the natural history 
of the disease, mainly alternating the expression of M1 and M2a/B, promoting the 
release of different growth factors according to the stages of advancement [62].

This “phenotypic shift” is also implicated in disrupting the natural cycle of 
microglial mitosis [63]. We should also discuss the key role of external elements, 
such as Benzo[a]pyrene, promoting oxidative stress, leading the DNA damage 
arising from DNA mutations. On the other hand, Patri 2019 et al suggest that 
noradrenaline may have a protective effect against this effect [64].

Feng 2020 demonstrated through enrichment levels of 28 immune cells in the 
tumor immune microenvironment in five datasets, demonstrating prognostic (and 
consequent therapeutic) implications through phenomena that diverge from those 
observed in other types of cancer. The phenotype involved, for example, allows the 
tumor to evade the immune response mechanism [65]. Among the ways to exercise 
this immune-resistant condition can be cited suppression of EZH2 [66] and T cell 
dysfunction promoting the sustained growth of the tumor [67, 68].

The understanding of neuroinflammatory implications extends beyond the 
formulation of specific therapies to combat the growth and perpetuation of  
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the neoplasm—oxidative stress has a strong influence on the outcome also in the 
postoperative state of tumor resection, and the correct conduct with this in mind 
can also influence the outcome [69].

7. Inflammatory and oxidative state in traumatic brain injury (TBI)

TBI is one of the main causes of brain damage, especially in the young popula-
tion. The cumulation of inflammatory factors is associated with the increased 
tissue damage of the nervous system in both the brain and spinal cord [70], causing 
lesions through ischemic-like patterns mechanisms [71].

In the initial moments, proinflammatory cytokines IL-1α, IL-1β, IL-6, and TNF-α, 
are released in sustained-response patter reaching and activating the microglia, being 
predominant during the first 48 hours [70, 72, 73].

Even in cases of mild traumatic brain injury, which commonly do not present 
with more exuberant clinical conditions, there is evidence of neuroinflammation, 
and apoptosis related to oxidative stress [74].

Interestingly, there is evidence for similar patterns in psychiatric conditions 
where trauma itself is not (or at least is not sustained) the main factor involved, as 
in post-traumatic stress disorder [75, 76]. Hyperfibrinogenemia is another common 
factor in the proinflammatory state of TBI and other neurological conditions such 
as Alzheimer’s disease [77].

Among the substances studied in this context is the release of nitric oxide (NO), 
produced by endothelial nitric oxide synthase [78]. Abdul-Muneer 2014 described 
the interactions involved between several inflammatory cytokines and growth factors 
involved in oxidative stress and neurovascular inflammation in the pathogenesis of 
TBI, highlighting blood–brain barrier dysfunction (BBB) in the onset and perpetua-
tion of changes in the cellular microenvironment in this pathological condition [79].

Recognition of the role of the inflammatory microenvironment, both in the 
acute and later phases of TBI, offers a therapeutic opportunity by changing  
the phenotype from proinflammatory to anti-inflammatory, which represents the 
fertile area for research [74, 80]. Chemokines are emerging as powerful controlling 
inflammation-induced brain edema factors, especially regarding BBB dysfunction 
[81]. In another example, there is evidence that hypothermia can be used to curb the 
inflammatory cascade [70].

8. Closing remarks

Thus, the research of neurovascular diseases, as well as the understanding of 
other brain injuries initially nonvascular (such as neoplasms and traumas) should 
identify the critical molecules of the cascade of the disease mechanism that could be 
potentially used, such as, a biomarker and used to develops prognostics to under-
stand how the disease progression is. On the other hand, as fast as, the inflamma-
tory and oxidative mechanisms are revealed; more and more molecules can be used 
as therapeutical tools to address the negative clinical signs associated with disease.
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Abstract

Systemic hypertension is a major public health problem, nearly affecting 
one-third of the global adult population. It is the leading modifiable risk factor 
for coronary heart disease (CHD), cerebrovascular disease, renal dysfunction, 
peripheral arterial disease (PAD), heart failure and atrial fibrillation. Human 
brain is one of the most important target organs for hypertension related end-
organ damage. Two major categories of hypertension related cerebral diseases 
include stroke and dementia, which are associated with considerable morbidity 
and mortality. Large body of clinical evidence has shown that adequate control 
of elevated blood pressures (BPs) could be a very effective tool in reducing the 
incidence and prevalence of cerebrovascular diseases. In the following sections, we 
discuss the role of hypertension in the causation of cerebrovascular disease along 
with the preventive and therapeutic strategies for the same.

Keywords: cerebrovascular disease, stroke, dementia, blood pressure, hypertension, 
intracranial hemorrhage, management, brain, cerebral, ischemic

1. Introduction

Systemic hypertension is one of the most common and devastating disorders 
affecting the human race. It is a major cause of premature death worldwide and is 
the risk factor with greatest impact on the global burden of disease. It is the leading 
modifiable risk factor for cardiovascular disease and all-cause mortality [1, 2].

Worldwide, an estimated 1.38 billion individuals (31.1% of the adult popula-
tion) have hypertension, defined as systolic blood pressure (BP) ≥ 140 mm Hg 
and/or diastolic BP ≥ 90 mm Hg, and/or current use of antihypertensive medica-
tion. The age-standardized prevalence of hypertension is marginally higher in men 
(31.9%) than in women (30.1%) and is lower in high-income countries (HICs), 
as compared to low and middle-income countries (LMICs) (28.5% vs. 31.5%) [3]. 
According to global estimates in 2010, only 45.6% of individuals with hypertension 
were aware of the disease, only 36.9% were receiving treatment and only 13.8% 
had achieved adequate BP control (defined as systolic BP < 140 mm Hg and dia-
stolic BP < 90 mm Hg). Also, the proportion of hypertension awareness and treat-
ment was nearly twice and the proportion of hypertension control was four times 
in HICs as compared to LMICs. In the last 2 decades, HICs have shown substantial 
increases in the proportions of hypertension awareness, treatment and control. 
However, during the same period, awareness and treatment have increased only 
modestly in LMICs and the proportion of hypertensive patients having adequately 
controlled BP has decreased slightly [3].
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The global prevalence of hypertension is increasing steadily as a result of 
aging of the population and increase in lifestyle risk factors like unhealthy diets 
(high sodium, low potassium intake, high intake of saturated and trans-fats and 
low intake of fruits and vegetables), physical inactivity, increased consumption 
of alcohol and tobacco, and being overweight or obese. However, the changes in 
the prevalence of hypertension have not been uniform worldwide. In the last two 
decades, a modest decline has been noted in hypertension prevalence in HICs, 
whereas LMICs have experienced significant increases. These trends can impose a 
greater burden of hypertension and related cardiovascular disorders on the fragile 
health-care systems of LMICs, many of which are also facing a substantial burden 
of infectious diseases [4].

Hypertension is often called a “silent killer”, as most hypertensives are unaware 
of the problem due to lack of warning symptoms or signs. Hypertension can cause 
sub-clinical target organ damage for years, before any symptoms or signs develop. 
It is the leading modifiable risk factor implicated in the causation of coronary heart 
disease (CHD), cerebrovascular disease, renal dysfunction, peripheral arterial 
disease (PAD), heart failure and atrial fibrillation. The brain is a major target for 
hypertension related end-organ damage and hypertension is a prominent risk factor 
for two major categories of brain diseases: stroke and dementia. In the following 
sections, we discuss the role of hypertension in causation of these diseases, along 
with prevention and treatment strategies.

2. Hypertension and brain

Human brain, in general, is highly vulnerable to the harmful effects of elevated 
BP and it represents the classic target organ of hypertension-induced damage. 
Arterial hypertension, besides being responsible for its well-known effect in causing 
clinical stroke, is also associated with the development of asymptomatic, subclinical 
brain damage, such as cerebral small vessel disease with resultant cognitive impair-
ment, memory loss and dementia. Also, sudden and marked elevations of blood 
pressure can lead to the development of hypertensive encephalopathy, characterized 
by severe headache, seizures and other neurological symptoms like cerebral edema.

2.1 Hypertension and stroke

2.1.1 Hypertension as a risk factor for stroke

Globally, stroke ranks second among the causes of mortality and third among 
the causes of disability. In recent decades a trend towards reduction in the inci-
dence, prevalence and mortality of stroke has been noted, but the overall disease 
burden continues to rise in terms of total number of patients affected [5].

Stroke is usually categorized into ischemic and hemorrhagic forms. Ischemic 
stroke has further subtypes including large vessel occlusive disease, lacunar infarc-
tions due to small vessel disease, cerebral embolism including cardioembolic stroke, 
non-atherogenic stroke and cryptogenic stroke. Various subtypes of hemorrhagic 
stroke include intra-parenchymal hemorrhage, subarachnoid hemorrhage and 
intraventricular hemorrhage.

Hypertension is the most prevalent risk factor for stroke and has been reported 
in nearly two-thirds of stroke patients [6]. In LMICs, the reported prevalence of 
risk factors among patients with stroke is lower, however the in-hospital mortality 
rates have been higher, probably related to delays in presentation, differences in 
healthcare system responses and acute management of stroke [7].
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There is robust evidence from observational and interventional studies, impli-
cating hypertension as a strong risk factor for all types of strokes. The Framingham 
heart study in 1970 showed a significant association between the risk of stroke and 
blood pressure ≥ 160/95 mm Hg at all ages and in both sexes [8]. Persons with a 
normal BP (<120/80 mm Hg) had been reported approximately half the lifetime 
risk of stroke compared to those with high BP (≥140/90 mm Hg) [9].

Large epidemiological studies have consistently shown the relationship between 
the level of BP and risk of stroke to be consistent, continuous, and independent 
of other risk factors. Older epidemiological studies gave more importance to the 
diastolic BP as a determinant of stroke risk, and consistently showed a higher risk 
of stroke with increasing levels of diastolic BP [10, 11]. MacMahon et al., in their 
meta-analysis of nine observational studies conducted between 1958 and 1990, 
showed that as the level of BP decreased so did the risk of stroke. A decrease in 
diastolic BP of 5, 7.5, and 10 mm Hg was associated with a lowering of stroke risk 
by 34, 46, and 56%, respectively [11]. Similarly, The Eastern Stroke and Coronary 
Heart Disease Collaborative Research project, showed that for every 5 mm Hg fall 
in the diastolic BP resulted in nearly 50% reduction in the risk of ischemic (odds 
ratio (OR) 0.61; 95% confidence interval 0.57–0.66) and hemorrhagic stroke (odds 
ratio 0.54, 95% confidence interval 0.50–0.58) [12]. Systolic BP attracted greater 
attention in 1990s after the results from many epidemiological studies suggested 
that it could have more robust association with stroke as compared to diastolic BP. 
Systolic BP also showed a stronger correlation with 12 year stroke mortality than the 
diastolic BP in Framingham heart study [13]. Similarly, the prospective population-
based Copenhagen city heart study demonstrated systolic BP to be a better predictor 
of stroke than the diastolic BP [14]. The Asia Pacific Cohort Studies Collaboration 
(APCSC), an extension of the Eastern Stroke and Coronary Heart Disease 
Collaborative project, which analyzed 37 cohort studies of 425,325 patients in the 
Asia Pacific region, demonstrated a continuous, log-linear association between 
systolic BP and risk of stroke down to the levels of 115 mm Hg of systolic BP. In 
the age groups of <60, 60–69, and >70 years, a 10 mm Hg lower systolic BP was 
associated with 54%, 36% and 25% lower risk of stroke respectively [15]. In a meta-
analysis of 61 prospective studies by the Prospective Study Collaboration (PSC), it 
was demonstrated that there was more than a twofold decrease in stroke mortality 
with each 20 mm Hg of decrease in systolic BP for patients aged 40–69 years; and 
throughout middle and old age, usual BP is directly and strongly related to vascular 
(and overall) mortality, without any evidence of a threshold down to at least 115 mm 
Hg of systolic BP and 75 mm Hg of diastolic BP [16].

Age is an important cofactor in the relationship between hypertension and 
stroke. The direct relation between elevated BP and stroke risk is weaker in older 
aged populations than in middle-aged individuals. The APCSC observed a lower 
percentage reduction in stroke risk with similar reduction in systolic BP with 
increasing age [15]. A similar trend was observed in the PSC study [16]. Although 
there is a less robust association between hypertension and stroke risk in older 
populations, lowering BP in this population is still beneficial owing to the higher 
incidence of stroke and higher morbidity/mortality rates in this population [17].

Racial and ethnic disparities in the relationship between elevated BP and stroke 
have been reported from several observational studies from the United States. The 
Baltimore-Washington Cooperative Young Stroke Study, demonstrated a positive 
relationship between hypertension and the risk of ischemic stroke in whites and 
blacks for both sexes. In this study, age-adjusted odds ratios and 95% confidence 
interval for ischemic stroke with a history of hypertension in white males, white 
females, black males, and black females were 1.6 (0.7–3.2), 2.5 (1.1–5.9), 3.8 (1.8–7.9), 
and 4.2 (2.4–7.5), respectively [18]. Similarly, the Northern Manhattan Stroke 
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Study showed higher odds ratios for hypertension and ischemic stroke in blacks as 
compared to whites and hispanics (OR 2.0 vs. 1.8, 1.2 respectively) [19]. A similar 
increase in systolic BP is associated with a nearly three times higher risk of stroke risk 
in blacks as compared to whites [20].

2.1.2 Hypertension related stroke and its pathophysiological mechanisms

Although arterial hypertension is a major risk factor for both stroke and myocar-
dial infarction, stroke is much more closely related to elevated levels of BP per se. It 
has been suggested that a sustained reduction in systolic blood pressure of 10 mm 
Hg would reduce stroke risk by 56%, but reduce the risk of myocardial infarction 
by only 37% [11]. This difference is largely attributed to the possibility that elevated 
levels of blood pressure are directly responsible for strokes occurring due to small 
vessel disease, but is only indirectly related to the development of atherosclerotic 
changes. Atherosclerosis in the arterial tree is usually focal and is usually seen at the 
branching points of the arteries or where arteries take a bend. It is likely that the 
effects of hypertension on atherosclerosis are not per se due to pressure energy, but 
are more likely related to the transmission of kinetic energy to the arterial wall at 
sites of flow disturbance, thus leading to the formation of atherosclerotic plaques at 
the areas of low shear stress [21].

Strokes due to small vessel disease, in contrast, are directly caused by elevated 
blood pressure. For this reason, these tend to occur in a particular distribution at 
the base of the brain, where short, straight arteries with limited branches result in 
direct transmission of high blood pressure directly from the large arteries to the 
smaller resistance vessels, with resultant damage to the walls of the arterioles. This 
results in the pathological changes of hyaline degeneration and fibrinoid necrosis, 
with consequent lacunar infarctions where the arterioles occlude and hypertensive 
intracerebral hemorrhages where they rupture. These pathophysiological changes 
account for the fact that true lacunar infarctions and intracerebral hemorrhages are 
particularly distributed in the areas of basal ganglia, internal capsule, thalamus, 
cerebellum, and brainstem [22].

Hypertension can indirectly contribute to the development of stroke as it is an 
important etiological factor for atrial fibrillation and for acute myocardial infarc-
tion and left ventricular clot formation; with attendant risk of cardioembolic stroke.

There are many theories related to the pathophysiological mechanisms of hyper-
tension related brain dysfunction. Central to these theories are the mechanisms 
related to impaired cerebrovascular auto-regulation in hypertension and the chronic 
maladaptive changes in the structure of the cerebral vasculature in hypertensive 
patients.

Cerebrovascular autoregulation is the process by which cerebral vasculature 
regulates intracranial blood flow, so that a steady perfusion is maintained to meet 
the metabolic needs of the brain tissue across a range of systemic blood pressures. 
This control is achieved by the ability of the cerebral arterioles to compensate for 
a decrease in cerebral perfusion pressure by vasodilatation, and also, to protect 
the brain against increased perfusion pressure by vasoconstriction, thus keeping 
the cerebral blood flow constant. This complex process is regulated by interplay 
between sympathetic nervous system, brain carbon dioxide and other metabolites, 
and neurovascular coupling. In normotensive individuals, this response occurs 
over a range of approximately 60–160 mm Hg systolic BP; but, in patients with 
hypertension, this range may be shifted to higher pressures [23, 24]. This upward 
shift in the limits of pressure autoregulation, make hypertensive patients especially 
susceptible to episodes of hypotension, which plays a role in the development of 
white matter changes. Also, elderly hypertensive patients often have impaired 
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cerebrovascular autoregulation which contributes to the development of stroke, 
cognitive dysfunction and vascular dementia. Impaired autoregulation increases 
the transmission of elevated pressures to cerebral capillaries resulting in increased 
permeability of blood brain barrier (BBB), parenchymal edema, inflammation 
neuronal degeneration that is commonly seen in patients with vascular cognitive 
dysfunction [25]. Chronic hypertension has been reported to promote arteriolar 
and capillary rarefaction, especially in the deep hemispherical white matter and 
basal ganglia [26]. This is associated with infiltration of perivascular macrophages, 
endothelial dysfunction, increased oxidative stress, and impaired functional 
hyperemia [27]. These changes promote the development of lacunar infarcts, white 
matter hyper-intensities, microinfarcts, and microbleeds [28].

Chronic elevation of intraluminal pressure stimulates the growth of smooth 
muscle cells and increases media thickness in resistance arteries, resulting in hyper-
trophic remodeling, thus causing an elevated vascular resistance. There may also be 
eutrophic remodeling, characterized by inward remodeling with rearrangement of 
the vessel wall components that leads to a reduction in lumen diameter and elevated 
vascular resistance. Hypertension may also result in narrowing of the intermediate 
and small vessels due to lipo-hyalinosis and micro-atherosclerosis. Also, chronically 
elevated BP promotes hyaline degeneration, fibrinoid degeneration and formation 
of microaneurysms in small vessels of the cerebral vasculature. These small vessel 
alterations predispose these patients to the development of ischemic and hemor-
rhagic complications [29].

Hypertension promotes atherosclerosis in large extracranial and intracranial 
arteries, which predispose to the development of atherothrombotic infarctions. 
The most frequent sites of atherosclerosis are common carotid artery bifurcation, 
origin and intra-cavernous part of internal carotid artery, first segment of middle 
cerebral artery, origin and distal part of vertebral artery, and middle portion of 
basilar artery [29]. These atherosclerotic plaques are usually progressive and lead 
to ischemic strokes by thrombotic occlusion of the narrowed lumen or, more often, 
by their acute rupture, which causes atheroembolism resulting in occlusion of 
distal intracranial vessels [29]. Major mechanisms of hypertension related cerebral 
dysfunction are summarized in Table 1.

2.1.3 Blood pressure management for primary and secondary stroke prevention

2.1.3.1 Hypertension control for primary stroke prevention

The relation between BP and stroke risk is direct, strong, linear, and etiologically 
predictive. Thus, within the usual BP ranges, including non-hypertensive ones, 
the higher levels of BP are associated with increased risk of stroke [16]. Non-
hypertensive individuals with slight elevations of BP (prehypertension, defined as 
systolic BP of 120–139 mm Hg and/or diastolic BP of 80–89 mm Hg) derive benefit 

Impairment of cerebral autoregulation

Increased permeability of blood brain barrier

Endothelial dysfunction, oxidative stress, impaired functional hyperemia

Small vessel changes: remodeling, increased vascular resistance, lipo-hyalinosis, micro-atherosclerosis, micro 
aneurysms, lacunar infarcts

Large vessel changes: atherosclerosis with atherothrombotic, atheroembolic infarctions

Table 1. 
Potential mechanisms of hypertension related cerebral dysfunction.
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from lifestyle changes with or without pharmacological therapies. A meta-analysis 
with 70,664 prehypertensive individuals from 16 trials demonstrated a robust 22% 
reduction in the stroke risk in individuals randomized to pharmacological therapy 
arm as compared to the placebo arm. In hypertensive patients, lifestyle approaches 
combined with adequate BP treatment and control produced a 35–40% decrease in 
the stroke risk [30, 31].

Practical strategies for hypertension management for primary stroke preven-
tion, on the basis of recommendations made by the American Heart Association 
(AHA)/American Stroke Association (ASA) [32, 33], and European Society of 
Cardiology (ESC)/European Society of Hypertension (ESH) [34] include:

1. Regular screening for hypertension and management of raised BP using  
lifestyle modifications and pharmacological therapies are recommended.

2. According to European guidelines the target BP in those with hypertension 
should be <140/90 mm Hg, whereas, the recent American guidelines recom-
mend a BP goal to lower levels of <130/80 mm Hg, even in very elderly.

3. Successful attainment of BP goal is emphasized over the administration of a 
particular anti-hypertensive agent.

4. Individualized BP treatment is recommended, based on particular patient 
characteristics and tolerance to medications.

5. Self-monitoring of BP is recommended to help in adequate BP control.

2.1.3.2 Hypertension management in acute ischemic stroke

Management of elevated BP in acute ischemic stroke (AIS) has been a matter of 
considerable debate. AIS is usually associated with islands of infarcted tissue with 
surrounding areas of potentially salvageable tissue, referred to as ischemic penum-
bra. Moreover, the infarcted tissue is characterized by loss of autoregulation with 
increased vessel permeability [35]. Hence an over aggressive approach of lowering 
BP can result in extension of infarction and worsening of neurological dysfunction. 
On the other hand, if the elevated BP is not lowered sufficiently, there is risk of 
excessive cerebral edema and hemorrhagic transformation of the infarcted tissue. 
Furthermore, as the cerebrovascular auto regulatory response is set at a higher level 
in chronic hypertensive patients, these individuals are at risk of impaired cerebral 
perfusion if BP is lowered very aggressively.

Practical strategies for management of hypertension in AIS, based on recom-
mendations of AHA/ASA [36], and European stroke organization (ESO) [37] 
include:

1. In patients with AIS who are not eligible for systemic thrombolysis or mechani-
cal thrombectomy and who have a BP > 220/120 mm Hg, guarded BP reduction 
(<15% systolic BP reduction over 24 h) is reasonable and is likely to be safe. No 
recommendations are made regarding the use of a specific anti-hypertensive 
agent to achieve this goal.

2. In hospitalized patients with AIS and blood pressure < 220/110 mm Hg not 
treated with intravenous thrombolysis or mechanical thrombectomy, there is 
suggestion against the routine use of blood pressure lowering agents at least in 
first 24 h following symptom onset, unless this is necessary for specific comorbid 
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conditions like acute aortic dissection, acute myocardial infarction, pulmonary 
edema, hypertensive encephalopathy and acute renal failure.

3. In patients with AIS undergoing treatment with intravenous thrombolysis 
(with or without mechanical thrombectomy) it is suggested that BP is main-
tained below 185/110 mm Hg before bolus and below 180/105 mm Hg after 
bolus, and for 24 h after alteplase infusion.

4. In patients with AIS undergoing treatment with intravenous thrombolysis 
(with or without mechanical thrombectomy), there is suggestion against 
lowering systolic blood pressure to a target of 130–140 mm Hg compared to 
<180 mm Hg during the first 72 h following of symptom onset.

5. Initiating or continuing anti-hypertensive agents during hospitalization for 
AIS, if BP > 140/90 mm Hg: BP lowering is generally safe in AIS if patient is 
medically and neurologically stable, and there are no contraindications for 
BP lowering. The time window for administration of such therapies is usually 
2–3 days after the symptom onset.

Drug options to treat hypertension in patients with AIS who are planned for 
emergency reperfusion therapy are shown in Table 2.

2.1.3.3 Hypertension management in acute hemorrhagic stroke

Observational studies have suggested that BP is often markedly elevated in 
the acute phase of hemorrhagic stroke, significantly higher than that seen after 
AIS [38]. High levels of BP in acute hemorrhagic stroke are often associated with 
hematoma expansion and poor clinical outcomes [39]. Simultaneously, there have 
been suggestions that high BP may be necessary to maintain adequate cerebral 
perfusion after intracranial hemorrhage, and that aggressively lowering it may 
be deleterious. These concerns are however, opposed by the evidence suggesting 
that adequate cerebral perfusion is maintained after acute BP reduction in patients 
with hemorrhagic stroke [40, 41]. However, results of the two largest randomized 
clinical trials (INTERACT2, ATACH-2) of intensive BP lowering early after intra-
cranial hemorrhage have renewed this uncertainty [42, 43]. Meta-analyses of these 
trials and many other smaller studies have shown that early intensive BP reduc-
tion after hemorrhagic stroke is safe, but without mortality benefit or significant 
functional improvement [44–47]. In contrast, a recent meta-analysis of the two 
largest trials demonstrated a direct linear relation between the level of systolic BP 

Labetalol: 10–20 mg intra-venous over 1–2 min, may be repeated once; or

Nicardipine: 5 mg/h intra-venous, dose may be up-titrated by 2.5 mg/h in every 5–15 min to a maximum of 
15 mg/h; when desired BP levels is obtained, adjust the dose to maintain proper BP levels; or

Clevidipine: 1–2 mg/h intra-venous, up-titrate by doubling the dose in every 2–5 min until desired BP level is 
obtained; maximum dose 21 mg/h

Other agents like enalaprilat, hydralazine may also be useful

If BP is not controlled or diastolic BP > 140 mm Hg, consider intravenous nitroprusside (may increase 
intracranial pressure).

Table 2. 
Drugs for acute management of elevated blood pressures in patients of acute ischemic stroke who are planned 
for emergency reperfusion therapy [36, 37].
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achieved during the first 24 h of hemorrhagic stroke and the functional status. The 
improvements in the functional status were noted for systolic BP levels of as low as 
120–130 mm Hg [48]. These studies however excluded patients with severe, large 
hematomas and hence caution is warranted in too aggressive lowering of BP in such 
patients as it might predispose to harmful consequences [49].

Practical strategies for BP control in patients with acute hemorrhagic stroke 
based on recent AHA/ASA [50], and ESO [37] guidelines include:

1. If initial systolic BP is >220 mm Hg, it is reasonable to administer continuous 
intravenous BP lowering therapy to achieve an initial reduction of about 15%. 
Choice of drugs is similar to that used in AIS (Table 2).

2. In patients with initial systolic BP of 150–220 mm Hg, American guidelines 
suggest a target goal of 140–150 mm Hg of systolic BP [50], however, the  
recent ESO guidelines [37] recommend even more aggressive lowering of 
systolic BP to less than 140 mm Hg (but to keep it above 110 mm Hg) to reduce 
hepatoma expansion.

3. Control of blood pressure variability may be helpful in improving the  
outcomes [51].

4. After hemorrhagic stroke, the optimal timing for initiation of antihyperten-
sive therapies for secondary stroke prevention has not been well established. 
It may be reasonable to start such treatment when the patient is medically and 
neurologically stable. The target BP goal for secondary stroke prevention is 
<130/80 mm Hg [50].

2.1.3.4 Hypertension management for secondary stroke prevention

About a quarter of strokes are recurrent, the annual risk of recurrence is nearly 
4% and the mortality rate after a recurrent stroke is 41% [33, 34]. A large proportion 
of strokes can be prevented by adequate BP control, regular physical activity, healthy 
dietary habits and cessation of smoking. In fact, the INTERSTROKE study demon-
strated that these 5 factors—hypertension, imbalanced diet, lack of adequate physical 
activity, abdominal obesity and smoking—were responsible for 82% and 90% of the 
population attributable risk (PAR) for ischemic and hemorrhagic stroke respectively 
[6]. Also, the Global Burden of Disease Study suggested that nearly 90% of the global 
stroke burden was attributable to the modifiable risk factors [52]. A modeling study 
has shown that targeting multiple modifiable risk factors of stroke has additive benefits 
in secondary prevention of stroke. According to this study, aspirin, anti-hypertensive 
therapies and statins, along with dietary modification and adequate exercise, can lead 
to an 80% cumulative risk reduction in the incidence of recurrent vascular events [53].

Practical strategies for BP control for secondary recent AHA/ASA guidelines 
[54] include:

1. In hypertensive patients who suffer a stroke or transient ischemic attack (TIA), 
an office BP goal of <130/80 mm Hg is recommended for most patients to  
reduce the risk of recurrent stroke and vascular events.

2. In individuals with no history of hypertension who experience a stroke or TIA 
and have an average office BP of ≥130/80 mm Hg, antihypertensive drug treat-
ment can be beneficial to decrease the risk of recurrent stroke, intracranial 
hemorrhage, and other vascular events.
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3. A thiazide diuretic, angiotensin converting enzyme (ACE) inhibitor or 
angiotensin receptor blocker (ARB) may be useful, however, other classes of 
BP lowering therapy can be used to achieve the target BP goals (e.g., calcium 
channel blocker, newer generation beta blocker).

4. Individualized drug treatments that take into account patient comorbidities, 
pharmacological class of the drug, and patient preferences are recommended 
to maximize the drug efficacy.

2.2 Hypertension and dementia

2.2.1 Hypertension as a risk factor for cognitive dysfunction and dementia

Dementia is characterized by a progressive and often irreversible decline of 
cognitive function which is most commonly seen in older adults. It is one of the most 
common neurological diseases, nearly affecting 30–40 million people worldwide. 
The number of people with dementia is estimated to triple by 2050, largely driven 
by the aging of the population, demographic shifts, and lack of disease-modifying 
therapies [55]. Alzheimer disease (AD) and cerebrovascular diseases are the major 
causes of cognitive dysfunction, accounting for nearly 80% of the cases and often 
have a mixture of both the pathologies [55]. Although the majority of dementias 
including AD are primarily considered as neuro-degenerative diseases of unknown 
cause, recent studies have shown that cerebrovascular disease and microscopic 
vascular lesions are often found in patients affected by these conditions [56].

The term vascular cognitive impairment (VCI) refers to the entire spectrum of 
cognitive abnormalities caused by vascular etiologies, whereas the term vascular 
dementia is used for cases with more profound vascular cognitive deficits which 
negatively affect the daily functioning of an individual [57].

Among the various vascular risk factors, systemic hypertension is a major 
factor contributing to cognitive impairment [57]. It has been been associated with 
decreased abstract reasoning, reduced mental processing speed, and, less com-
monly, memory deficits [58]. Although dementia due to AD and vascular demen-
tia have classically been considered as separate entities, recent evidence indicates 
that the two conditions are frequently coexistent [59, 60]. In nearly 40–50% of 
cases with a clinical diagnosis of AD, the pathological hallmarks of AD (amyloid 
plaques and the neurofibrillary tangles), are associated with micro-cerebrovascu-
lar and macro-cerebrovascular lesions [61]. Moreover, ischemic lesions markedly 
elevate the effect of AD pathology on cognitive function [62, 63]. Also, traditional 
cardiovascular risk factors have been suggested to have a role in the development 
of AD [64], and some estimates suggest that risk factor modification, especially 
the treatment of hypertension, could decrease the incidence of clinically diag-
nosed AD by up-to 30% [65].

2.2.2 Mechanisms of hypertension related cognitive dysfunction

Hypertension-related cognitive dysfunction occurs as a result of complex inter-
play between functional alterations and structural changes seen in the brain paren-
chyma and the cerebral vasculature, many of which have been discussed previously 
in Section 2.1.2. Briefly, these changes include increased cerebrovascular resistance, 
reduced vasomotor reactivity, decreased cerebral blood flow, vascular remodeling, 
lacunar infarcts, white matter lesions, micro bleeds, enlarged perivascular spaces 
and cerebral atrophy [66]. These overlapping pathophysiological changes might 
account for the correlation between hypertension and stroke or vascular dementia. 
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This relation may also hold true for other forms of dementia; like, for example the 
link between chronic hypertension and the AD has been documented, as hyperten-
sion is often associated with formation of neurofibrillary tangles and senile plaques, 
the presence of which was seen in brains of hypertensive patients even in the 
absence of clinical features of dementia [67].

2.2.3 Prevention of cognitive dysfunction by antihypertensive therapy

Hypertension is a major modifiable risk factor for cognitive dysfunction, VCI and 
AD. Robust clinical evidence has demonstrated that antihypertensive therapies, besides 
preventing major cerebrovascular events [57], also reduce the incidence and/or delay 
the progression of cognitive dysfunction [68, 69]. The Syst-Eur randomized clinical 
trial showed that, on treating 1000 hypertensive individuals with anti-hypertension 
therapies for 5 years, 19 cases of dementia could be prevented [70]. Similarly, the 
PROGRESS trial observed that therapy with a perindopril (a long-acting ACE inhibi-
tor), and indapamide (a thiazide-like diuretic), was associated with reduced risks 
of cognitive dysfunction and dementia on a mean follow-up of 3.9 years [71]. Also, 
various clinical and experimental studies have suggested that antihypertensive drugs, 
including ACE inhibitors, angiotensin receptor blockers (ARBs) and diuretics, might 
cause an improvement in the biomarkers of AD, and decrease the incidence of AD  
and/or delay its progression [72].

Interestingly, antihypertensive drug therapies might have class specific effects 
on cognitive function. Both ACE inhibitors and calcium channel blockers have 
been reported to delay the development of cognitive dysfunction [72]. However, 
results from the Canadian Study of Health and Aging suggested that hypertensive 
individuals aged ≥65 years who received treatment with calcium channel blockers 
had a more marked cognitive decline than those receiving other antihypertensive 
drugs at follow-up of 5 years [73]. These findings lend support to the hypothesis 
that the systemic and local renin-angiotensin systems may respond differently to 
different antihypertensive drugs [74]. Furthermore, calcium channel blockers may 
potentially cause an impairment of myogenic autoregulatory protective responses 
in the cerebral vasculature. Taking these factors into account, it might be suggested 
that ACE inhibitors and ARBs might be preferable to calcium channel antagonists 
for dementia prevention in hypertensive patients [75].

The subject of optimum BP targets for the prevention of dementia has generated 
considerable debate and controversy. In the SPRINT MIND trial, it was seen that in 
ambulatory hypertensive individuals, a more intensive BP control strategy (target 
systolic BP of <120 mm Hg as compared to a target of <140 mm Hg) was not associ-
ated with any significant cognitive benefits [76]. An important point to be considered 
here is that due to the adaptive rightward shift of the cerebrovascular autoregulatory 
curve in hypertension, too aggressive lowering of BP may result in cerebral hypoper-
fusion and consequential negative impact on the brain. These U-shaped associations 
between BP and cognitive function in the elderly individuals have been reported in 
many studies [77, 78]. These findings stress the importance of individualized blood 
pressure management strategies for prevention of cognitive dysfunction.

Hypertension is also a major contributor to the risk of stroke, which nearly 
doubles the risk of developing dementia. It is estimated that about one-third cases 
of dementia can be prevented by preventing the development of stroke [79]. 
Clinical studies have shown that prevention of stroke by using anticoagulation in 
atrial fibrillation and BP-lowering therapies in hypertensive patients can signifi-
cantly decrease the risk of dementia [80]. Based on these results, the World Stroke 
Organization came out with a manifesto stressing the need for a joint strategy for 
prevention of stroke and dementia [79].
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3. Conclusions

Hypertension is a major global public health problem and is the major cause of 
premature death worldwide. Human brain is highly vulnerable to the deleterious 
effects of elevated blood pressures. Hypertension related cerebrovascular diseases 
include stroke, cognitive dysfunction and dementia. Elevated blood pressure levels 
are strongly, directly and linearly related to the incidence and prevalence of these 
diseases. Adequate management of hypertension can go a long way in mitigating the 
global burden of these cerebrovascular diseases.

4. Final remarks

Elevated systemic blood pressures are associated with increased risk of cere-
brovascular diseases including stroke and dementia. Good blood pressure control, 
which can be achieved easily in majority of the patients, is necessary for prevention 
of these cerebrovascular diseases.

© 2021 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Atrial Fibrillation and Stroke
Francesca Spagnolo, Vincenza Pinto and Augusto Maria Rini

Abstract

Atrial fibrillation (AF) represents a major cause of morbidity and mortality in 
adults, especially for its strong association with thromboembolism and stroke. In 
this chapter, we aim to provide an overview on this cardiac arrhythmia, addressing 
several important questions. Particularly, we faced the possible mechanisms lead-
ing to an increased risk of embolism in AF, emphasizing how Virchow’s triad for 
thrombogenesis is unable to fully explain this risk. Disentangling the risk of stroke 
caused by AF and by other associated vascular conditions is extremely challenging, 
and risk stratification of patients with AF into those at high and low risk of throm-
boembolism has become a crucial determinant of optimal antithrombotic prophy-
laxis. Moreover, we discuss the typical clinical and radiological characteristics of 
cardioembolic strokes, addressing acute, time-dependent reperfusional therapies 
in case of ischemic stroke. The role of anticoagulation in AF is also fully analyzed; 
the benefit of oral anticoagulation generally outweighs the risk of bleeding in AF 
patients, and a variety of scoring systems have been developed to improve clinical 
decision-making when initiating anticoagulation. With their predictable pharmaco-
kinetic profiles, wide therapeutic windows, fewer drug–drug and drug-food inter-
actions, and the non-vitamin K antagonist (VKA) oral anticoagulants (NOACs) 
have changed the landscape of thromboprophylaxis for AF patients, offering the 
opportunity to use effective anticoagulants without the need for intensive thera-
peutic drug monitoring.

Keywords: atrial fibrillation, stroke, ischemic, NAOS, prevention

1. Introduction

Thirty-three million people worldwide suffer from atrial fibrillation (AF), a 
common cardiac arrhythmia considered a major cause of morbidity and mortal-
ity in adults for its strong association with thromboembolism and stroke, which 
represents its most devastating complication [1].

AF is present in 3% of the general population above 20 years of age, and its 
prevalence increases substantially in people older than 65 years of age [2]. As 
expected, AF prevalence will increase as population get older [3].

Numerous cardiac pathologies, other than AF, have among their complications 
cardioembolic stroke. The cardiological substrate that is most frequently associated 
with embolism, especially in the elderly population, is represented by AF which 
is able to explain from 50% to 75% of all cerebral cardioembolic phenomena,  
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in the West. AF may be caused by valvular, typically rheumatic, disease, but the 
vast majority of cases are of nonvalvular etiology. In this chapter, we will focus on 
nonvalvular AF.

The ischemic stroke rate among people with AF is about six times that of people 
without AF and varies greatly with coexisting cardiovascular disease. It is estimated 
that at least 15–20% of all ischemic strokes have a cardioembolic origin, carrying a 
mortality rate of 25% at 30 days and 50% at 1 year [4]. Strokes due to AF are often 
devastating: between 70% and 80% of patients die or have permanent disability 
[5, 6], but also largely preventable through anticoagulation, that guarantees a 64% 
reduction in stroke risk and a 25% reduction in mortality [7]. AF also increases the 
risk of cognitive impairment and dementia [8]. For these reasons, prevention of 
AF-related thromboembolic events must be a public health priority. However, since 
AF is often intermittent and asymptomatic, it can be easily undiagnosed [9, 10]. On 
the other hand, even dysrhythmic episodes of short duration seem to significantly 
increase the thromboembolic risk [11, 12] and deserve to be identified in order to be 
appropriately treated.

Therefore, risk stratification of patients with AF into those at high and low risk 
of thromboembolism has become a crucial determinant of optimal antithrombotic 
prophylaxis. This chapter will focus on discussing the deep association between this 
dysrhythmia and cerebrovascular accidents and identifying which patients with AF 
require long-term oral anticoagulation with either vitamin K antagonist (VKA; e.g. 
warfarin) or novel direct oral anticoagulants (DOAC).

2. Possible stroke mechanisms in AF

Only in 2% of patients with AF, no cardiac or extracardiac predisposing factor 
is detected, while 70% of AF cases are associated with organic heart diseases [13]. 
Risks factors associated with the development of AF are shown in Table 1.

The association between AF and ischemic stroke is strong and has been con-
sistently confirmed in different cohorts [14–16]. After adjustment for risk factors, 
patients with AF face a three- to fivefold higher stroke risk than people without AF 
[14]. Therefore, a causal association between AF and stroke is biologically plausible, 
based on the assumption that in AF uncoordinated myocyte activity would lead 
to an impaired atrial contraction, stasis of blood and, as a result, to an increased 
thromboembolic risk. However, several other data do not support this straightfor-
ward relationship. For example, a clear biological gradient between the burden of 
AF and the risk of stroke is lacking: young and otherwise healthy patients with AF 
do not face a significantly increased stroke risk [17], while in older patients with 
vascular risk factors, a single brief episode of subclinical AF is associated with a 
twofold higher risk of stroke [9].

Moreover, the connection between AF and stroke also fails to respect the crite-
rion of specificity: if AF causes thromboembolism, it should be specifically associ-
ated with embolic stroke. This is not the case, as for example 10% of patients with 
lacunar strokes have AF [18], and large-artery atherosclerosis is twice as common in 
patients with AF as those without [19].

Additionally, the criterion of temporality necessary to explain a causal relation-
ship between AF and stroke is often not satisfied, and two recent studies found 
that approximately one-third of patients with both AF and stroke do not manifest 
any AF until after their stroke, despite undergoing continuous heart-rhythm 
monitoring before the cerebrovascular event [20, 21]. These data suggest that the 
mechanisms of stroke in AF have still to be fully elucidated and other factors are 
surely involved. Understanding the deep link between AF and stroke risk does 
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not represent a pure academic exercise but has crucial therapeutic implications: 
if assuming that AF is the only cause of thromboembolism, maintaining normal 
rhythm should eliminate stroke risk. However, a recent meta-analysis of eight 
randomized clinical trials showed that a rhythm control strategy had no effect on 
stroke risk [22].

As in AF stroke risk cannot be entirely explained by the dysrhythmia itself, 
other factors are probably involved. Almost 150 years ago, Virchow hypothesized 
that development of thrombosis depends on three factors: abnormalities in blood 
flow, abnormalities in the blood vessel wall, and interaction with blood constituents 
[23]. Each of these elements may contribute to thromboembolism in AF [24, 25]. 
Dilated, poorly contracting atria, valvular heart disease (particularly mitral steno-
sis), and congestive heart failure represent abnormalities in blood flow and vessels, 
commonly associated with stroke and thromboembolism in patients with AF [24]. 
Independent clinical risk factors for stroke in nonvalvular AF also include a history 
of hypertension and diabetes, dilated left atrium, impaired left atrial function, and 
impaired left ventricular systolic function [26]. Aging and systemic vascular risk 
factors probably determine an abnormal atrial tissue substrate, or atrial cardiopa-
thy, that can result in AF and/or thromboembolism [27]. Once AF develops, over 
time a structural remodeling of the atrium takes place, worsening atrial cardiopathy 
and further increasing the risk of thromboembolism, thereby propagating itself 
[28]. This mechanism can clarify why a brief period of AF is associated with stroke 
months later [9]. An atrial substrate hypothesis also explains the lack of specificity 
between AF and embolic stroke, as well as the fail of rhythm control strategies to 
eliminate thrombogenic potential. In this model, atrial cardiopathy alongside AF 
can cause thromboembolic stroke, explaining why one-third of strokes have no 
known cause [29], as well as why in many cryptogenic, cardioembolic, stroke only 
one-third of patients manifest AF even after 3 years of continuous heart-rhythm 
monitoring [30]. Supporting this hypothesis, a dilated left atrium and reduced 
left atrial and left atrial appendage (LAA) blood flow on echocardiography are 
independent risk factors for thromboembolism; the presence of spontaneous echo 
contrast or “smoke” on transesophageal echocardiography (TEE) is often observed 
in these patients. Spontaneous echo contrast has been related to hemodynamic and 
hemostatic abnormalities determining an increased risk of thromboembolism and 

Major

• Hypertension

• Structural alterations of the heart (dilation and/or left ventricular hypertrophy, atriomegaly, val-
vulopathies, myo-pericarditis)

• Uncontrolled diabetes

• Heart failure

• Ischemic heart disease

• Old age

Minors

• Obesity

• History of atrial arrhythmias

• Lung diseases

• Thyroid diseases

• Smoke

Table 1. 
Risk factors for atrial fibrillation.
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stroke [31–36]. The presence of both left atrial spontaneous echo contrast and atrial 
enlargement in AF patients confer a very high risk of cerebral ischemic events (odds 
ratio 33.7) [34]. In this context, a greater emphasis on the atrial cardiopathy that led 
to AF may reinforce the importance of continuing proven anticoagulant treatments 
even after reoccurrence of normal rhythm.

Local epicardial fat and obesity-induced obstructive sleep apnea are increasingly 
recognized risk factors for atrial cardiopathy, contributing to local inflammation in 
the atrium, and raising intra-atrial pressures, respectively [37]. Intensive vascular 
risk factor management after AF ablation appears to improve the underlying atrial 
pathology [38].

Moreover, several observations indicate that AF is associated with a hyper-
coagulable state [39]. Fibrin D-dimer levels are increased in patients with AF. In 
one study, fibrin D-dimer levels were highest in patients who were not receiving 
any antithrombotic therapy, intermediate in those onaspirin, and lowest in those 
treated with warfarin [40]. High-fibrin D-dimer levels have been associated with 
an increased rate of embolic events in patients with AF on oral anticoagulant 
(OAC) therapy [41, 42]. Endothelial damage and dysfunction in AF are also 
described [43–46]. Moreover, other data suggest that inflammation may contrib-
ute to the hypercoagulable state in AF [47]. As an example, high plasma levels of 
C-reactive protein (CRP) and interleukin-6 (IL-6) among patients with AF are 
independently related to indices of the prothrombotic state in AF (e.g. CRP to 
fibrinogen and IL-6 to tissue factor) [48]. In a larger series of 880 AF patients, CRP 
was positively correlated with stroke risk and prognosis, particularly mortality and 
vascular events [49]. Activation of the coagulation system has been identified by 
other authors in both paroxysmal [50, 51] and chronic AF [52, 53]. Cardioversion 
to sinus rhythm seems to result in normalization of hemostatic markers within 
2–4 weeks [54]. Thereby, the mechanisms leading to an increased risk of stroke, 
thrombus, and embolism in AF are multiple, complex, and closely interact 
with each other. Many of these factors can be explained by Virchow’s triad for 
thrombogenesis.

3. Factors increasing stroke risk in AF patients

Several conditions represent risk factors for both AF and stroke: age, gender 
(male sex), hypertension, diabetes mellitus, tobacco smoke, valvular hearth 
disease, heart failure, coronary heart disease, chronic kidney disease, inflammatory 
disorders, and sleep apnea confer higher risk of AF itself and stroke; disentan-
gling the risk of stroke caused by AF and by these other associated conditions is 
challenging.

However, as we already said, AF remains independently associated with stroke 
even after adjusting for shared risk factors. Among conditions predisposing to 
thromboembolism in AF patients, particular attention has to be reserved to cardio-
version. Cardioversion of AF leads to an increased risk of thromboembolism, par-
ticularly if patients are not anticoagulated before, during, and after cardioversion. 
In addition to dislodgement of preexisting thrombi, embolization may result from 
de novo thrombus formation induced by atrial contractile dysfunction after cardio-
version, a transient condition known as atrial “stunning.” This transient dysfunc-
tion has been described after spontaneous as well as drug or electrical restoration 
of normal rhythm, and its duration is at least partially related to the duration of AF, 
ranging from 24 hours to 1 week for AF duration lasting less than 2 weeks, and 2 to 
6 weeks of AF, respectively. For longer periods of dysrhythmia, atrial stunning may 
last 1 month [55]. This long time of atrial dysfunction could explain why the great 
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majority of embolic events in patients who remain in sinus rhythm occur within the 
first 10 days after cardioversion [56, 57].

Moreover, the presence of a poorly contracting, dilated left ventricle is likely to 
promote stasis of blood and lead to an increased risk of intracardiac thrombus forma-
tion and subsequent embolism. In fact, left ventricular dysfunction, i.e., heart failure, 
confers an additive risk of stroke to AF patients [58]. This risk is indirectly correlated 
with left ventricular ejection fraction (LVEF): every 5% point decrease in LVEF is 
associated with an 18% increase in the risk of stroke during a 42-month follow-up in 
patients with left ventricular dysfunction [58]. This risk was significantly reduced 
with the use of warfarin (relative risk 0.19) and oraspirin (relative risk 0.44).

As and probably more than in patients with AF, patients suffering from heart 
failure also demonstrate the presence of a prothrombotic or hypercoagulable state. 
As an example, both plasma fibrinogen and von Willebrand factor concentrations 
are often increased in heart failure, and platelet abnormalities are evident [59]. These 
blood dysfunctions may be additive to the hemodynamic and hemostatic abnormali-
ties conferred by AF, further increasing the risk of thromboembolism [60].

Among valvular dysfunctions, mitral stenosis increases the risk of stroke in AF 
17-fold [14]. On the other hand, the presence of mitral regurgitation seems to be 
protective against the development of intracardiac thrombi in chronic AF, presum-
ably due to decreased stasis within the left atrium [24]. To support this hypothesis, 
the Stroke Prevention in Atrial Fibrillation (SPAF) study reported a decreased 
annual rate of clinical thromboembolism in patients with an enlarged left atrium 
and abnormal left ventricular wall motion if they also had mitral regurgitation 
(7.2% versus 15.4%) [61].

4. Characteristics of stroke in AF

AF is associated not just with stroke in general, but most strongly with strokes 
whose neuroimaging patterns resemble that of cardiac embolism [62]. Stroke 
associated with AF tends to be more extensive/larger than stroke related to carotid 
artery disease. This is probably due to embolization of larger thrombi with AF, 
which also explains “longer” transient ischemic attacks (TIAs) than emboli from 
carotid disease [63, 64].

Typical characteristics of cardioembolic strokes are the extension, bilaterality, 
the wedge-shaped appearance of the lesions, the presence of multiple vascular 
territories involved (particularly the lower division of the middle cerebral artery), 
and the rapid hemorrhagic transformation. Ischemic strokes with probable embolic 
pathophysiology cannot be clinically differentiated from ischemic strokes by other 
causes, although generally symptoms such as Wernicke’s aphasia, homonymous 
lateral hemianopia without hemiparesis, and/or contralateral sensory deficit or an 
ideomotor apraxia are more suggestive of a cardioembolic origin [65]. Cardioembolic 
lesions generally present on MR images as multiple, narrow areas in DWI or CT scan 
involving several vascular districts and are generally bilateral. When a pattern with 
these characteristics is identified, an accurate evaluation of the heart becomes criti-
cal, taking into account all the possible sources of thromboembolism. At the same 
time when an isolated lesion in the territory of the anterior cerebral artery is docu-
mented on neuroimaging, a cardioembolic source should be considered, although 
the possibility of an atherosclerotic process involving the anterior cerebral artery 
itself (frequent in the Asian population, for example) is debated.

Patients with AF who suffer an ischemic stroke appear to have a worse outcome (the 
more the disability, the greater the mortality) than patients without AF [66, 67]. AF is 
also associated with silent cerebral infarctions and TIAs [68, 69] with an estimated rate 
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of new silent cerebral infarcts of about 1.3% per year at up to 3 years of follow-up with a 
similar “silent” event rate for placebo and warfarin [68].

AF is asymptomatic in less than 40% of patients; unfortunately the absence of 
symptoms does not suggest a benign course [70], and stroke is the first manifesta-
tion of AF in at least 2–5% of patients [71]. In a hospital-based series, around 
20% of stroke patients had previously unidentified or underrecognized AF [72]. 
Identifying AF and reducing stroke risk in patients with AF before stroke occurs is, 
therefore, an important goal.

5. Treatment and evalutation of acute ischemic stroke in AF patients

As we already said, the presence of AF in a stroke patient does not always mean 
that there is a causal relationship, and cerebral injuries, such as ischemic stroke 
affecting the autonomic nervous system can play an important role in the pathogen-
esis of AF itself [73]. In fact, several clinical observations support the hypothesis 
that stroke may trigger AF. For example, new-onset AF in stroke patients without 
left atrial enlargement may belong to this category [74]. However, even if stroke can 
trigger AF, this pathway cannot explain the well-documented association between 
AF and future stroke [14, 16], and one-third of patients with AF and stroke do not 
manifest AF until after their stroke [20]. For this reason, evaluation and treatment 
of stroke patients with AF is the same as the evaluation in other patients with acute 
stroke, including brain and neurovascular imaging, cardiac monitoring during the 
acute phase, and echocardiography. Patients with acute ischemic stroke should then 
be evaluated for possible reperfusion therapy even in the setting of AF, considering 
that international normalized ratio (INR) >1.7 or PT >15 s or evidence of intra-
cranial hemorrhage (ICH) on neuroimaging are absolute contraindications to 
treatment with intravenous alteplase.

Current European guidelines [75] recommend that:

• for patients with acute ischemic stroke of <4.5 h duration, who use vitamin 
K antagonists and have INR lower than 1.7, intravenous thrombolysis with 
alteplase is indicated;

• for patients with acute ischemic stroke of <4.5 h duration, who use vitamin K 
antagonists and have INR >1.7, no intravenous thrombolysis is suggested;

• for patients with acute ischemic stroke of <4.5 h duration, alteplase is con-
traindicated if NOAC has been used during the last 48 h before stroke onset, 
according to the labels for these drugs [75].

Specific data on the risk/effectiveness balance of thrombolytic therapy in 
ischemic stroke patients suffering from AF are limited mainly to data coming from 
clinical trials [76, 77]. It seems to be no evidence of a treatment interaction between 
a history of AF and benefit from alteplase. The large size and worse prognosis of 
AF-associated acute ischemic stroke accentuates both the risks and the benefits of 
fibrinolysis [77]. In AF patients, mechanical thrombectomy is indicated as well, as 
in stroke without AF, when acute ischemic stroke is caused by an intracranial large-
artery occlusion.

The detection of AF after stroke is important to delineate the mechanism of 
stroke itself and generally leads to a change in antithrombotic strategy. Long-term 
searching for AF allows to diagnose AF in 25% of patients with stroke or TIA [78]; 
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most guidelines, therefore, recommend screening patients for the presence of AF, 
but the exact timing and duration of screening are undefined [79–82].

As a result of what we have said so far, if AF is a downstream marker of vascular 
risk factors that separately produce non-atrial stroke mechanisms, a comprehensive 
approach to the patient, with full consideration of other causes of stroke, is desir-
able. Moreover emphasizing intensive management of all risk factor is a crucial 
point to stroke secondary prevention.

6. Role of anticoagulation in AF

Thromboprophylaxis is critical for stroke prevention in AF patients. Despite 
overwhelming evidence that oral anticoagulation is superior to aspirin for primary 
stroke prevention in patients with AF, aspirin remains overused; notwithstand-
ing, it is only minimally effective and confers a bleeding risk that is similar to that 
of well-controlled warfarin [7, 83–85]. This evidence is underlined in the recent 
National Institute for Health and Care Excellence (NICE) [86] and European 
Society of Cardiology guidelines [87]. Ischemic stroke can occur with either 
paroxysmal (intermittent) or chronic (permanent) AF. Long-term anticoagulation 
is recommended to reduce the risk of thromboembolism for most patients with AF, 
but its use is associated with and increased risk of bleeding. However, the benefit 
generally outweighs the risk, and randomized trials have shown that therapeutic 
oral anticoagulant (OAC) reduces the risk of ischemic stroke and other embolic 
events by approximately two-thirds compared with placebo, irrespective of baseline 
risk [84, 88–95]. Moreover anticoagulated AF patients who experience ischemic 
stroke typically have smaller infarcts and lower mortality rates compared with not 
anticoagulated AF patients [96]. A variety of scoring systems have been developed 
to evaluate the risks of thrombosis and bleeding, thus aiding clinical decision-
making when initiating anticoagulation [97, 98].

With their predictable pharmacokinetic profiles, wide therapeutic windows, 
and fewer drug–drug and drug-food interactions, the non-VKA oral anticoagulants 
(NOACs) have changed the landscape of thromboprophylaxis for ischemic stroke, 
offering physicians and patients the opportunity to use effective anticoagulants 
without the need for intensive therapeutic drug monitoring. The NOACs have been 
shown to be noninferior to warfarin for stroke prevention in patients with AF, 
although each has various properties that may favor use in particular patients, allow-
ing physicians to fit the drug to patient’s profile [99–102]. As the therapeutic arma-
mentarium for the management of ischemic stroke risk in AF has expanded, clinical 
decision-making in terms of the choice of anticoagulant has become more complex.

Warfarin. Slow onset, drug–drug and drug-food interactions [103], genetic 
polymorphisms in CYP2C9 [104], and the vitamin K epoxide reductase complex 
subunit [105], all affect the anticoagulant effect of warfarin, making it monitoring 
of the international normalized ratio (INR) sometimes very difficult. Even when 
an optimal control of anticoagulation is achieved, adverse hemorrhagic events can 
still occur in patients treated with VKAs. However, warfarin is the most studied 
antithrombotic therapy for the prevention of recurrent stroke in patients with AF. 
A meta-analysis including six randomized trials comparing warfarin with placebo 
or no treatment in a total of 2900 participants with AF showed that the overall rate 
of stroke was 2.2%/patient year in the warfarin group and 6.0%/patient year in the 
control group (relative risk reduction 0.64; 95% CI 0.49–0.74) [7]. With warfarin 
therapy, all-cause mortality was reduced by 1.6%/year (relative risk reduction 0.26; 
95% CI 0.03–0.43). Compared with aspirin, treatment with adjusted-dose warfarin 
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(INR between 2 and 3) reduced stroke risk in AF patients from 10% to 4% per year 
in a pooled analysis of several randomized trials [84].

Direct oral anticoagulants (DOACs), also referred to as non-vitamin K oral 
anticoagulants (NOACs), have been less extensively studied but appear to be 
equally efficacious than warfarin in stroke prevention. These drugs were developed 
to provide efficacious anticoagulation with rapid onset, a favorable side effect 
profile and predictable pharmacokinetic properties, obviating the need for thera-
peutic drug monitoring [106–108]. Two classes of NOACs have been developed: the 
direct thrombin inhibitors (Dabigatran [100]) and the direct factor Xa inhibitors 
(Rivaroxaban [101], Apixaban [99], and Edoxaban [102]; Table 2). All four agents 
have been found to be individually noninferior to warfarin for the prevention of 
stroke and systemic embolism in large, international randomized trials [99–102]. 
However, to date, there is no evidence to suggest that any of the NOACs are superior 
to the others for the prevention of stroke in AF.

Apixaban—Apixaban was compared with adjusted-dose warfarin in the 
ARISTOTLE trial, demonstrating to be even superior to warfarin in preventing 
stroke or systemic embolism (1.3% versus 1.6%) [109]. Apixaban also caused 
less major bleeding compared with warfarin (2.1% versus 3.1%) and resulted in 
lower overall mortality (3.5% versus 3.9%) [109]. Moreover, preliminary second-
ary analysis of data from the AUGUSTUS trial that enrolled patients suggested a 
superiority of apixaban to vitamin K antagonists with regard to intracranial bleed-
ing and stroke/TIA/thromboembolism in AF patients with a recent acute coronary 
syndrome and a prior stroke/TIA/thromboembolism [110].

Dabigatran—Dabigatran was compared with adjusted-dose warfarin in a trial 
involving over 18,000 AF patients [100]. Dabigatran compared favorably to warfa-
rin, including in the subset of participants with prior stroke.

Edoxaban—A trial comparing edoxaban 15 mg daily with placebo in patients 
with AF ≥80 years old with low body weight found a similar relative reduction in 
risk of stroke or systemic embolism than warfarin (2.3% versus 6.7%/year; hazard 

Warfarin Dabigatran Rivaroxaban Apixaban Edoxaban

Target: Synthesis of 
factors vitamin 

coagulation 
K-employees (II, 

VII, IX, X)

Trombina Factor Xa Factor Xa Factor Xa

Bioavailability: 100% 6.5% 
(absolute)

80% 50% 
(absolute)

60% 
(absolute)

Food effect: None Delayed, not 
reduced

Increased 
(20 mg)

None None

Protein binding: 99% 35% >90% 87% 40–59%

Prodrug: No Yes No No No

Cmax (h): 2–4 1–3 2–4 3–4 2

Half-life time 
(h):

40 12–17 5–9 (healthy) 8–15 8–11

Renal 
elimination:

0% 80% 65% 27% 35%

Administration: Single dose daily Double dose 
daily

Single dose 
daily

Double 
dose daily

Single dose 
daily

Table 2. 
Main pharmacokinetic characteristics of warfarin and the new oral anticoagulants.
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ratio (HR) 0.34, 95% CI 0.19–0.61) [111]. Edoxaban was compared with warfarin in 
the ENGAGE TIMI 48 trial of over 21,000 patients [102]. Edoxaban was found to be 
noninferior with regard to the primary efficacy end point and caused less bleeding.

Rivaroxaban—Rivaroxaban was found to be non-inferior to warfarin in the 
ROCKET AF trial in preventing stroke or noncentral nervous systemic embolism [101].

7. Risk stratification

Despite the advantages, OAC therapy is associated with an increased risk of 
bleeding. Then, benefit and risk ration must be taken into account to identify 
patients with AF who are likely to benefit from OAC. For each patient, the estimated 
absolute risk reduction for thromboembolic events is weighed against the estimated 
increase in absolute risk of intracranial hemorrhage and other major bleeding 
complications, along with patient preferences.

If AF develops, females are more symptomatic and at higher risk of thrombo-
embolism than males. This is particularly true for age older than 65 years. In fact, 
female AF patients have an increased risk of stroke, aggravated by the lower oral 
anticoagulant prescription rate correlated with the concomitant higher bleeding 
risk profile. Catheter ablation is underutilized in female patients and, conversely, 
they are more commonly affected by the side effects of antiarrhythmic drugs [112].

To estimate thromboembolic risk in patients with AF, a variety of risk scores and 
biomarkers have been studied [113]. Unfortunately, imaging findings have not been 
shown to improve risk stratification in patients with AF [114].

The CHA2DS2-VASc score (Table 3) has been compared with other potential 
alternatives, resulting as the most accurate in identifying patients at lowest risk for 
thromboembolism.

The decision whether to prescribe OAC in AF should be based upon risk assess-
ment, according to the following risk stratification:

• For a CHA2DS2-VASc score ≥ 2 in males or ≥ 3 in females, chronic OAC is 
recommended; [115–118].

• For a CHA2DS2-VASc score of 1 in males and 2 in females:

1. Patients between 65 to 74 years old, with CHA2DS2-VASc score of 1 in males 
and 2 in females, OAC is recommended [119].

2. For patients with other risk factors, the decision to anticoagulated is based 
upon the specific nonsex risk factor and the burden of AF. For patients with 
very low burden of AF (e.g., AF that is well documented as limited to an 
isolated episode that may have been due to a reversible cause), it may be 
reasonable to institute close surveillance for recurrent AF.

• For patients with a CHA2DS2-VASc score of 0 in males and 1 in females, no 
anticoagulant therapy should be started, as thromboembolic risk is low [112].

According to the CHA2DS2-VASc score, anticoagulation is generally recom-
mended for individuals with all but the lowest level of risk. The annual risk of 
ischemic stroke in untreated patients is estimated to be 0.2%, 0.6%, and 2.2% for 
those with CHA2DS2-VASc scores of 0, 1, and 2, respectively [115].

Unfortunately, the CHA2DS2-VASc score has several limitations: the risk asso-
ciated with older age is not continuous, but lumped into categories, so that, for 
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example, ages 65 years and 74 years each confer one point, despite the much higher 
actual risk associated with the older age. A history of prior stroke, transient isch-
emic attack, or thromboembolic event is assigned two points, but the risk associated 
with this risk factor is more than five times the risk associated with risk factors 
assigned one point. Risk factors assigned equal point values are associated with 
substantially different risks, and, again, ages between 65 and 74 years are associated 
with substantially greater stroke risk than other risk factors assigned one point.

A recent systematic review found that nonpermanent forms of AF may have 
a 25% lower risk of stroke compared with permanent forms of AF [120]. Short 
episodes of AF may occur in 30–60% of monitored patients [121]; however, their 
relevance is particularly questioned, especially regarding the duration of AF 
required to increase the risk of stroke independently from the general cardiovascu-
lar risk profile [122]. A post hoc analysis of the ASSERT trial (Asymptomatic Atrial 
Fibrillation and Stroke Evaluation in Pacemaker Patients and the AF Reduction 
Atrial Pacing trial) suggest that only episodes lasting longer than 24 h are relevant 
and carry a threefold risk of future thromboembolism over the next 2.5 years [123]. 
However, the AF burden (duration and frequency of episodes) is likely to vary over 
time, while a large proportion of patients with short episodes of AF will go on to 

Clinical criteria

Sex

 Female 1 point

 Male 0 point

Age

 <64 years old 0 point

 65–74 years old 1 point

 >75 years old 2 points

Comorbidities

 Heart failure 1 point

 Hypertension 1 point

 Diabetes mellitus 1 point

 History of stroke, TIA, or thromboembolism 2 points

 Vascular disease (history of MI, PAD, or aortic atherosclerosis) 1 point

Unadjusted stroke rate:

0 point: 0.2% per year

1 point: 0.6% per year

2 points: 2.2% per year

3 points: 3.2% per year

4 points: 4.8% per year

5 points: 7.2% per year

6 points: 9.7% per year

7 points: 11.2% per year

8 points: 10.8% per year

9 points 12.2% per year

Table 3. 
CHA2DS2-VASc risk stratification score.
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experience longer episodes, it is also true that the reverse occurs in a percentage 
of patients experiencing long episodes of AF [124]. Moreover, the extent to which 
thromboembolic risk may continue during periods of sinus rhythm is uncertain. As 
discussed earlier, the risk of thromboembolism is not reduced by clinical mainte-
nance of sinus rhythm.

Unfortunately, so far none of the risk stratification schemes and guidelines have 
incorporated the type of AF or have adopted a different stance toward recommend-
ing anticoagulation in patients with paroxysmal AF.

Some clinical features or conditions may impact the risk of thromboembolism 
but are not included in risk models; these include the presence of conditions such 
as chronic kidney disease and elevated troponin level. Prediabetes has also been 
implicated as a possible risk factor for stroke in patients with AF [125].

AF is often diagnosed in the context of systemic conditions like pneumonia 
and thyroid disease or after cardiothoracic surgery [126]. In these patients, anti-
coagulation is not typically advised for the transitorily of the condition. However, 
recent data suggest that these patients are at high risk of recurrent AF and stroke 
[126–128]. Whether patients with secondary AF will benefit from early anticoagula-
tion or should undergo repeated screening for AF is currently unknown [129].

8. Risk of bleeding

For all potential candidates for OAC, bleeding risk and related possible contrain-
dications to OAC should be carefully considered, especially for modifiable bleeding 
risk factors and to identify patients that rather than from OAC could benefit from 
left atrial appendage occlusion [112, 114, 130].

The major safety concern is risk of major bleeding, which includes events that 
require hospitalization, transfusion, or surgery, or that involve particularly sensi-
tive anatomic locations, as intracranial bleeding. Among patients with AF, the three 
most important predictors of major bleeding (including ICH) are over-anticoagula-
tion with warfarin (defined as an international normalized ratio greater than 3.0), 
prior stroke, and older patient age [116, 131].

ICH is the most serious bleeding complication, since the likelihood of mortality 
or subsequent major disability is substantially higher than with bleeding at other 
sites, and similar to that for ischemic stroke [132].

The HAS-BLED risk score (Table 4), based upon bleeding risk with warfarin, is 
the best predictor of bleeding risk [114] and can be used to identify patients at high 
risk of hemorrhage [98].

The annual risk of intracranial bleeding with warfarin is around 0.3%. 
Compared to warfarin, each of the NOACs dramatically reduces the incidence of 
intracranial hemorrhage [133], with subtle differences between NOACs regard-
ing other types of major hemorrhage. Low-dose dabigatran (RR 0.80, 95% CI 
0.69–0.93; P = 0.003), apixaban (RR 0.69, 95% CI 0.60–0.80; P < 0.001), and 
edoxaban at high (RR 0.80, 95% CI 0.70–0.91; P < 0.001) and low dose (RR 0.47, 
95% CI 0.41–0.55; P < 0.001) have demonstrated a significant reduced rate of major 
hemorrhage compared to warfarin, while high-dose dabigatran and rivaroxaban 
seem equivalent to warfarin in terms of the incidence of major hemorrhage. In 
summary, in patients at high risk of gastrointestinal hemorrhage, it is reasonable to 
avoid high-dose dabigatran and high-dose edoxaban and rivaroxaban [133]; low-
dose edoxaban may be preferred. In patients with high HAS-BLED scores who have 
suffered major hemorrhage, low-dose dabigatran, apixaban, and edoxaban are all 
appropriate choices of anticoagulant, but the risk of hemorrhage should be bal-
anced carefully against the risk of stroke and patients’ personal preferences.
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9. Alternatives to anticoagulation

9.1 Left atrial appendage occlusion

It represents the primary alternative to long-term anticoagulation for patients 
with AF.

9.2 Pharmacologic agents

As we already said, no other antithrombotic regimen is as effective as chronic 
oral anticoagulation in AF patients. However, despite being less effective, in specific 
clinical setting, other antithrombotic regimens have to be considered in order to lower 
thromboembolic risk. Given the availability of the new class of anticoagulant agents, as 
alternatives to vitamin K antagonists, this situation should be extremely uncommon.

9.2.1 Aspirin plus clopidogrel

In patients with AF, dual antiplatelet therapy (with aspirin plus clopidogrel) 
reduces the risk of thromboembolism compared with aspirin monotherapy but 
offers less protection against thromboembolism than OAC. So, dual antiplatelet 
therapy is preferred to aspirin alone in the occasional high-risk patient with AF who 
cannot be treated with any OAC for a reason other than risk of bleeding. Of note, 
dual antiplatelet therapy and OAC have similar bleeding risks [134, 135].

9.2.2 Aspirin monotherapy

Aspirin (or other antiplatelet agent) is not an effective therapy for preventing 
thromboembolic events in patients with AF. The role of aspirin alone in lowering 

Clinical characteristics Points

H Hypertension 1

A Abnormal renal or liver function (1 point each) 1–2

S Stroke 1

B Bleeding tendency or predisposition 1

L Labile INR (for patients taking warfarin) 1

E Elderly (age greater than 65 years) 1

D Drugs (concomitant aspirin or NSAIDs) or excess alcohol use 
(1 point each)

1–2

Maximum 9

HAS-BLED score

Total points Bleeds per 100 patient-years

0 1.13

1 1.02

2 1.88

3 3.74

4 8.70

>5 Insufficient data

Table 4. 
HAS-BLED bleeding risk score.
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the risk of stroke and systemic embolism in patients with AF is not confirmed in all 
meta-analyses of clinical trials [7, 113, 136]. In contrast, clinical trials have clearly 
demonstrated that OAC (with VKA or DOAC) lowers the risk of thromboembolism 
compared with aspirin [7, 84, 89, 92, 137].

9.2.3 Aspirin plus low-dose warfarin

Low-dose warfarin (1.25 mg/day or target INR between 1.2 and 1.5) in combina-
tion with aspirin (300 to 325 mg/day) should not be used to reduce stroke risk in 
patients with nonvalvular AF [95, 138, 139].

10. Stroke while on anticoagulation

Subtherapeutic anticoagulation and low compliance are the most common 
causes of treatment failure for patients taking warfarin and DOAC, respectively. 
Due to NOACs short half-lives, adherence to medication is of great importance 
and missed doses can lead to suboptimal anticoagulant effect and increased risk 
of stroke. Considerations about patient’s compliance are essential when prescrib-
ing a twice-daily (dabigatran and apixaban) or once-daily regimen (rivaroxaban 
and edoxaban). However, in all AF patients experiencing a new ischemic cere-
brovascular event while on OAC, a non-cardioembolic stroke mechanism (e.g., 
lacunar, large-artery stenosis, and malignancy) should be suspected. In case of a 
subtherapeutic anticoagulation (INR < 2) while on warfarin, continuing warfarin 
with renewed efforts to keep the INR in the therapeutic range (INR 2–3) or consid-
eration of a change to a DOAC is recommended. When ischemic stroke occurs with 
a therapeutic INR (2–3), it is reasonable to perform a transesophageal echocardio-
gram (TEE) to assess for left atrial appendage (LAA) thrombus, though in these 
cases the ischemic stroke is often “lacunar,” related to cerebral small artery disease, 
rather than cardioembolic. Increasing the target INR to 2.5–3.5 and switching from 
warfarin to a DOAC are both possible therapeutic strategies. Addition of antiplatelet 
therapy is generally not recommended, as it is known to increase major hemorrhage, 
particularly intracranial hemorrhage, and the benefit is not well defined. While data 
are limited, ischemic stroke during therapy with a DOAC for AF has been associ-
ated with several factors, including treatment at doses lower than recommended. 
Continuing anticoagulation therapy is generally indicated. If a thrombus is present 
despite appropriate dosing and compliance, it is reasonable to change to another 
DOAC, but optimal treatment is uncertain and no consensus exists. A retrospec-
tive study suggested that for patients with left ventricular thrombus, warfarin 
may be superior to DOAC for reducing the risk of stroke or systemic embolism. 
Unfortunately, analogous data for AF patients with left atrial appendage thrombi 
are lacking. As we already said, limited available data suggest that there is no benefit 
from adding aspirin to therapeutic OAC in patients with AF.

10.1 Timing after acute ischemic stroke

For medically stable patients with a small- or moderate-sized infarct with no 
intracranial bleeding, warfarin can be initiated soon (after 24 h) after admission 
with minimal risk of transformation to hemorrhagic stroke. As DOAC have a more 
rapid anticoagulant effect than warfarin, usually in these patients they are initi-
ated after 48 h since ischemic stroke. Withholding anticoagulation for 2 weeks is 
generally recommended for those with large ischemic strokes [140], symptomatic 
hemorrhagic transformation, or poorly controlled hypertension. Patients who are 
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not treated with warfarin earlier may benefit from aspirin until therapeutic antico-
agulation is achieved [141].

10.2 Secondary prevention in patients with AF

A recent meta-analysis of the RE-LY, ROCKET-AF, and ARISTOTLE trials 
demonstrated that dabigatran, rivaroxaban, and apixaban were all noninferior to 
warfarin in the secondary prevention of stroke in patients with AF [142].

Apixaban seems to confer the lowest risk of stroke or systemic embolism in patients 
who had already suffered a previous ischemic cerebrovascular event (RR 0.77, 95% CI 
0.57–1.03); however, this finding was not statistically significant [99]. In the four major 
clinical trials of NOACs compared with warfarin, patients were stratified by stroke risk 
using the CHADS2 score. Both high-dose dabigatran (150 mg b.d.) (RR 0.73, 95% CI 
0.58–0.91; P = 0.005) and apixaban (HR 0.79, 95% CI 0.66–0.95; P = 0.01 for superior-
ity) demonstrated superiority to warfarin in the prevention of stroke and systemic 
embolism [99]. However, so far, evidences are not strong enough to suggest the NOACs 
are superior to warfarin in the secondary prevention of stroke in patients with AF.

11. AF and older age

The consequences of AF are particularly pronounced in older individuals. In 
patients with documented frequent falls, the risks/benefits ratio of OAC should 
be carefully evaluated, and working to reduce the risk of falls is recommended. 
The risk of falls leading to subdural hematomas is increased in older adult patients 
taking oral anticoagulants independent of the agent chosen. A Taiwanese database 
study compared 15,756 older (≥90 years of age) adults with AF (11,064 receiv-
ing no antithrombotic therapy, 4075 receiving antiplatelet therapy, and 617 on 
warfarin) with 14,658 older adult patients without AF and without antithrombotic 
therapy [143]. In this study, patients with AF had a greater risk of ischemic stroke 
(5.75 versus 3.00%/year; hazard ratio [HR] 1.93, 95% CI 1.74–2.14) and a similar 
risk of intracranial hemorrhage (ICH; 0.97 versus 0.54%/year; HR 0.85, 95% CI 
0.66–1.09) compared with those without AF. Among patients with AF, warfarin 
use was associated with a lower stroke risk (3.83% versus 5.75%/year; HR 0.69, 95% 
CI 0.49–0.96) compared with no antithrombotic therapy. There was a nominal but 
nonsignificant increase in risk of ICH (HR 1.26, 95% CI 0.70–2.25). In a second, 
later cohort of patients ≥90 years of age with AF, 768 patients treated with warfarin 
were compared with 978 patients treated with a direct oral anticoagulant (DOAC) 
[143]. DOACs were associated with a lower risk of ICH compared with warfarin 
(0.42% versus 1.63%/year; HR 0.32, 95% CI 0.10–0.97) and similar rate of ischemic 
stroke (4.07% versus 4.59%/year; HR 1.16; 95% CI 0.61–2.22).

12. Final remarks

To date, we know that atrial fibrillation is the result of a complex interplay 
between genetic predisposition, ectopic electrical activity, and abnormal tissue 
pathology; AF is able to propagate itself feeding back to remodel and worsen tissue 
substrate. However, despite our understanding, the prevailing model of AF and 
thromboembolism is likely incomplete, and new strategies for identifying and 
treating patients at risk of thromboembolism are needed. More work is especially 
required to determine whether additional markers, such as cardiac magnetic 
resonance imaging of tissue fibrosis and computed tomographic assessment of left 
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atrial appendage morphology, may better identify the risk of atrial thromboem-
bolism. The advent of NOACs have revolutionized the management of AF patients 
offering predictable, easy-to-use drugs that show similar efficacy than warfarin for 
stroke prevention, but lower rates of intracranial hemorrhage. However, despite 
the availability of these new drugs, selecting and adhering to anticoagulant therapy 
remains challenging for physicians and patients with AF. Further studies are needed 
to explore NOACs use, empowering physicians to manage stroke risk especially in 
high-risk patients, providing a subject-centered, tailored approach to the manage-
ment of thromboembolic risk in AF patients.
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MI Myocardial Infarction
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Abstract

Cryptogenic stroke (CS) is defined as the presence of cerebral infarcts, the cause 
which has not been identified despite an appropriate diagnostic evaluation, and 
it accounts for approximately 30–40% of all ischemic strokes. There is a certain sub-
group of CS with embolic characteristics on neuroimaging studies and no evidence 
of atrial fibrillation alternative or any alternative cause. Recent data suggest that 
disorders of the atrium, even without atrial fibrillation, could increase thrombo-
embolic risk. The pathological atrial substrate, or atrial cardiopathy (AC), may 
be an important and underrecognized cause of cryptogenic strokes. This chapter 
will review the information on the rationale and data behind the concept of atrial 
cardiopathy, its pathophysiology, proposed biomarkers of atrial cardiopathy, and 
therapeutic implications.

Keywords: cryptogenic stroke, atrial fibrillation, atrial cardiopathy, atrial disease, 
atrial dysfunction

1. Introduction

Cryptogenic stroke (CS) can be defined as the presence of cerebral infarcts, the 
cause of which has not been identified after an appropriate diagnostic evaluation is 
performed, and it accounts for approximately 30–40% of all ischemic strokes.

To define an ischemic event as cryptogenic, four conditions must be excluded: 
(1) small deep infarcts in the distribution of penetrating cerebral vessels 
(<15 mm on CT, <20 mm on MRI diffusion images); (2) intracranial or extracra-
nial stenosis (>50% luminal stenosis of the artery supplying the ischemic area); 
(3) a defined cardioembolic source identified by transthoracic echocardiography 
or electrocardiography (ECG); or (4) certain defined entities such as vasculitis, 
hypercoagulability, migraine, vasospasm, and dissection [1].

There is a subgroup of CS with imaging features suggestive of a distant embolic 
source. Such characteristics are the presence of multiple, cortical infarcts affecting the 
territory of major branches of the cerebral arterial tree, with non-lacunar appear-
ance. This subtype has been referred to as Embolic Stroke of Undetermined Source 
(ESUS) to describe an embolic-appearing CS [2].

Some proposed mechanisms for CS include paroxysmal atrial fibrillation (AF), 
patent foramen ovale, aortic arch atheroma, atherosclerosis of intracranial and 
extracranial vessels, hypercoagulability, and cerebral vasculitis.
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Identifying the main cause of ischemic stroke is more than an academic issue 
since each specific stroke subtype often guides secondary stroke prevention 
strategies.

A novel potential cause of CS is atrial cardiopathy (AC), which involves atrial 
structural or functional abnormalities that may occur with AF, but also in the 
absence of AF. There are many CS patients with evidence suggestive of AC indi-
cated by the presence of one of its serum, imaging, or ECG biomarkers, which could 
potentially explain some of these “unexplained” strokes [3].

Actually, the clinical value of identifying patients with AC is that it not only 
reduces diagnostic uncertainty, avoiding the need to search for other causes of 
stroke, but it may also have specific implications for treatment.

2. Atrial cardiopathy: rationale and biological mechanisms

AC is an emerging potential etiology of CS and refers to left atrial structural or 
functional disorders that may occur with AF but also in its absence. However, if an 
AF is diagnosed in the context of an ischemic stroke, definite cardioembolic origin 
is usually established unless a concurrent source is present.

The disorders of the left atrium (LA) can be congenital or acquired. Among 
the latter, left atrial enlargement (LAE) provides a ground for thrombus  
formation through stasis, inflammation, and endothelial dysfunction. The con-
sequence may be visible with echocardiography as spontaneous echogenicity, 
sludge, or directly as a thrombus, all different stages of a thrombotic substrate. 
In addition, myocardial fibrosis may provide another mechanism for cardiac 
embolism. It involves the progressive accumulation of fibrotic tissue within the 
LA myocardium, basically related with the senescence of the heart, but also 
associated with acute or chronic systemic inflammation. This leads to fibrotic 
replacement, structural remodeling, and electrical changes, predisposing to 
AF [4, 5].

Among congenital disorders, certain LA morphologies as well as the size of LAA 
orifice are thought to increase the thromboembolic risk. A retrospective study of 932 
patients with AF who were evaluated with cardiac images (CCT or CMR) catego-
rized the left atrial appendage (LAA) into four distinct morphologies: chicken wing 
(48%), cactus (30%), windsock (19%), and cauliflower (3%). The prevalence of 
ischemic stroke among different LAA morphologies was: 4% in chicken wing, 10% in 
windsock, 12% in cactus, and 18% in cauliflower. Moreover, the number of trabecula-
tions was an independent predictor of stroke risk, and in this regard, the cauliflower 
morphology seems to have the highest risk. In the same way, LAA flow velocity is a 
known inverse marker of stroke risk. This flow velocity was highest among patients 
with chicken wing as opposed to non-chicken-wing morphology, which may also 
explain why the chicken wing morphology has the lowest risk of ischemic stroke. 
Also, a larger LAA orifice area has been associated with ischemic stroke. Perhaps, 
LAA morphology can still be a predictor of thrombus generation and embolic risk 
even in the absence of AF [6].

Accordingly, these data compilations suggest that electrical AF does not provide 
the unique explanation for embolic events in patients with evidence of atrial dys-
function and that AC is an innovative factor to keep in mind.

Although the specific criteria for AC are being refined, it may be diagnosed 
by the presence of one of the biomarkers of left atrial dysfunction that will be 
detailed below.
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3. Biomarkers of atrial cardiopathy

The diagnostic algorithm for AC should follow a step-by-step strategy, in which 
the risk factors for atrial heart disease, electrical and mechanical atrial dysfunction, 
and increased thrombotic risk must be identified. The markers of left atrial 
dysfunction can be divided into three groups:

1. Echocardiographic (enlargement, volume and/or function of the left atrium, 
anatomy of the left atrial appendage, and spontaneous echocardiographic 
contrast).

2. Electrocardiographic (increased terminal force of the P wave in V1, episodes of 
subclinical atrial tachyarrhythmia, atrial extrasystoles, and interatrial block).

3. Serum biomarkers (N-Terminal pro-Brain Natriuretic Peptide and highly 
 sensitive cardiac troponin assay).

3.1 Echocardiographic biomarkers

a. Left atrial enlargement: In population-based studies, LAE has been shown to 
be associated with incident AF and incident ischemic stroke risk. An analysis 
from the Framingham study showed that LA diameter was associated with 
stroke risk in men and women. An analysis from the Northern Manhattan 
Stroke Study (NOMASS) showed an association between left atrial index and 
ischemic stroke. Also, this study demonstrated that moderate to severe LAE is 
an independent predictor of recurrent stroke risk.

b. Spontaneous echogenicity: Spontaneous echogenicity (SE) can be detected 
by transesophageal echocardiography, less commonly through a transthoracic 
view. It is an echocardiographic feature characterized by a dynamic smoke-like 
appearance in the left atrium or left atrial appendage and is a demonstration of 
blood stasis and hypercoagulability, particularly in an enlarged LA.

c. Echocardiographic markers of left atrial appendage: In sinus rhythm, the LAA 
is a contractile structure that empties all its contents with each beat. In atrial 
fibrillation, there is a loss of its contractile property with dilatation, which 
leads to slowed blood flow, with the consequent increase in the risk of throm-
bosis. Approximately 90% of the thrombi located in the left atrium are found 
within the appendage. In fact, recent trials of left atrial appendage closure 
showed that successful LAA closure was non-inferior to warfarin in reducing 
the risk of ischemic stroke, suggesting a functional and structural role of the 
LAA, greater than AF itself, in ischemic stroke risk.

As mentioned above, different LAA morphologies may also be associated 
with different flow velocities in the LAA, leading to different thrombosis 
risk levels.

Reduced LAA flow velocity on echocardiography can promote stasis and 
thrombus formation. In a post-hoc analysis from the Stroke Prevention in Atrial 
Fibrillation (SPAF)-III trial that included 721 patients who underwent TEE, a peak 
anterograde flow velocity of less than 20 cm/s was independently associated with 
thrombus formation and risk of cardio embolism.
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3.2 Electrocardiogram markers

a. Paroxysmal supraventricular tachycardia: Although paroxysmal supraven-
tricular tachycardia (PSVT) has been considered a conduction disorder arising 
mostly in young and healthy individuals, there is evidence that proposes that it 
occurs in two different populations: young patients with lone PSVT and older 
patients with cardiovascular disease. Furthermore, there are studies report-
ing that nearly 12% of patients with PSVT develop incident AF during a 1-year 
follow-up. It seems that in certain individuals, PSTV may be a prelude of atrial 
cardiopathy.

b. Increased P-wave terminal force in V1: The P-wave terminal force in lead V1 
(PTFV1) on ECG measures the electrical conduction through the atria. Any 
disorder in atrial functioning may cause prolongation in the P-wave terminal 
force. Evidence from observational cohorts suggests that elevated PTFV1 
is associated with the risk of ischemic stroke, particularly those related to 
 embolism (cryptogenic or cardioembolic) and independent of AF.

c. Others: Prolongation of the PR interval on ECG is another biomarker of atrial 
disease. There is a reported association between PR interval prolongation and 
incident AF after cryptogenic stroke. Furthermore, a recent multicentric study 
showed that a prolonged PR interval (PR ≥ 200 ms) was more prevalent in 
cryptogenic stroke.

Bayes syndrome, an arrhythmological syndrome characterized by advanced 
interatrial block, is another potential biomarker of atrial cardiopathy. This 
syndrome is a predictor of AF, ischemic stroke risk particularly of the cardioembolic 
subtype, silent cerebrovascular disease, and vascular cognitive impairment.

3.3 Cardiac magnetic resonance imaging markers

3.3.1 Atrial fibrosis and delayed gadolinium enhancement

Cardiac MRI (CMR) has been used for cardiac disorders, but its use in 
cryptogenic stroke is not well established. There is a potential role for CMR in the 
diagnostic evaluation of patients with cryptogenic stroke to identify potential 
etiologies such as cardiac thrombi, cardiac tumors, aortic arch disease, and other 
rare cardiac anomalies. It can also provide data on certain functional and structural 
parameters of the LA and the LAA associated with ischemic stroke risk. Cardiac 
fibrosis can be detected on MRI as a delay in uptake of gadolinium. The relationship 
between cardiac fibrosis on cardiac MRI and stroke risk remains unclear. Therefore, 
studies investigating this association are needed to determine whether and to what 
extent gadolinium enhancement is delayed and is associated with thromboembolic 
risk in the absence of AF.

3.4 Serum biomarkers

a. NT-proBNP: N-Terminal pro-Brain Natriuretic Peptide (NTpro-BNP) is a serum 
biomarker of cardiac disease that partly reflects atrial myocyte dysfunction. An 
elevated NTpro-BNP level is a marker of cardiac dysfunction and stretch, vol-
ume overload, and a predictor of cardiovascular events including incident AF. 
Studies have shown an association between elevated NT-proBNP and ischemic 
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stroke, particularly of the embolic subtype. In fact, a post-hoc analysis of the 
WARSS trial showed a reduction in the risk of stroke or death at 2 years among 
those patients with the highest NT-proBNP values (> 750 pg./ml) assigned to 
warfarin rather than aspirin.

b. HS cTnT: Cardiac troponin (cTnT) is another serum biomarker of cardiac 
injury, often used to determine the presence of cardiac ischemia. A highly 
sensitive (hs) cTnT assay can detect concentrations more than 10 times lower 
than conventional assays used for the detection of acute cardiac ischemia.
HS cTnT is associated with the risk of cardiovascular events in observational 
studies. In the ARIC study (n = 10.902, mean follow up 11.3 years), the highest 
quintile showed an association between hs cTnT and ischemic stroke risk but 
not between HS cTnT and non-lacunar strokes. Therefore, HS cTnT is another 
serum biomarker of cardiac injury that is associated with embolic stroke  
subtypes [7–9].

4. Therapeutic implications

Patients with atrial cardiopathy and cryptogenic stroke may benefit from 
anticoagulation therapy for secondary stroke prevention. Anticoagulation therapy 
has been shown to reduce stroke risk in certain cardiac disorders. In patients with 
AF, anticoagulation with warfarin or a novel oral anticoagulant is associated with at 
least 50% reduction in risk of stroke or systemic embolism.

Warfarin also reduces the risk of ischemic stroke in patients with mechanical 
heart valves and in those with left ventricular thrombus after anterior myocardial 
infarction.

Given that most cardiac thrombi in patients with AF arise in the left atrium/
left atrial appendage, and since anticoagulation is effective in reducing the risk 
of cardiac thrombi, it is possible that patients with AC and CS constitute another 
group of patients who may benefit from anticoagulation therapy.

To date, AF is the only marker of left atrial dysfunction for which 
anticoagulation has been shown to provide a greater reduction of stroke risk than 
antiplatelet therapy.

Additional trials testing the efficacy of anticoagulant therapy in individuals with 
markers of AC are required.

The ongoing ATTICUS and ARCADIA trials are trying to validate this hypothe-
sis, and the results may have implications for secondary stroke prevention as well as 
primary prevention. If anticoagulant therapy demonstrates a reduction in recurrent 
stroke in the AC high-risk population, it may be beneficial for patients with AC and 
no history of stroke [3, 10, 11].

5. Conclusions

The key to prevention of stroke is understanding its cause. AC, as determined 
by the presence of biomarkers of left atrial dysfunction, may constitute one of the 
mechanisms beyond CS, and validation of this concept would allow a therapeutic 
strategy to be implemented not only in secondary but also in primary prevention. 
Awaiting the occurrence or detection of AF in CS patients with AC may expose 
them to another event, so clinical trials testing anticoagulation versus antiplatelet 
therapy to reduce stroke risk are needed and welcome.
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6. Key points

• AC may be defined as a functional or structural disorder of the left atrium.

• Biomarkers of atrial dysfunction or cardiopathy have been associated with 
a risk of first and recurrent ischemic stroke, particularly those related to 
embolism.

• Up to one-third of ischemic strokes are currently cryptogenic. Approximately 
65% of CS patients have AC, as evidenced by at least one of its biomarkers.

• 70% of CS patients do not have AF, even after 3 years of cardiac monitoring. 
This indicates that AF may not be the only necessary substrate for cardio 
embolism.

• Patients with AC and CS may benefit from anticoagulation therapy for 
 secondary stroke prevention, and ongoing trials are underway.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
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Abstract

Vascular brain diseases are a significant cause of dementia, and their presence, 
alone or associated with degenerative conditions, increases the risk of conversion 
to progressive cognitive decline. Neuropsychiatric manifestations vary according to 
the affected brain territory and disrupted neuronal circuits. In the current chapter, 
epidemiological prevalence, the harmonization of the diagnostic criteria of vascular 
subtypes, and the impact of age and socio-demographic aspects are critically reviewed. 
Another explored topic refers to the diagnostic and therapeutic approach. Structural 
imaging, including magnetic resonance (MRI) and computer tomography (CT), and 
a thorough neuropsychological and clinical exam, may help establish the differential 
diagnosis and substantially impact clinical evolution. Treatment involves various strat-
egies, including controlling cardiovascular and metabolic risk factors, such as hyper-
tension, atrial fibrillation, cardiopathies, and adopting a healthy lifestyle. Treatment 
relies on preventive and health promotion strategies related to the timely control of 
vascular risk factors and symptomatic approaches. The use of acetylcholinesterase 
inhibitors aims at stabilizing symptoms and is recommended in all stages of dementia.

Keywords: brain, vascular, cognitive impairment, geriatric neuropsychiatry

1. Introduction

The concept of vascular dementia (VaD) is a diagnostic category that emerged 
in the late 1980s to characterize dementia secondary to cerebrovascular disease [1]. 
The construct was later expanded into the Vascular Cognitive Involvement complex 
(VCI), a continuum ranging from Vascular Mild Cognitive Impairment (VMCI) to 
dementia [2]. This chapter will comprehensively address the main clinical, diagnos-
tic, and therapeutic aspects of VCI.

2. Epidemiology

2.1 Population studies

Recent studies estimated that between 5 and 7% of the world’s elderly popula-
tion suffers from dementia, with a higher frequency in Latin America (8.5%) and a 
slightly lower prevalence in sub-Saharan Africa (2–4%) [3]. Considering the high 
social and economic impact of the condition, especially in these regions with fast 
population aging, knowledge of the epidemiology of dementia has become funda-
mental for planning health policies [4, 5].
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From an etiological point of view, cerebrovascular disease is the second most 
common cause of acquired cognitive impairment and dementia, occurring both as a 
single mechanism of brain damage and contributing to cognitive decline in neuro-
degenerative dementias [6]. Cerebral arteriosclerosis was considered the leading 
cause of “senile dementia” until the 1960s when Alzheimer’s Disease (AD) became 
recognized as the most prevalent brain pathology affecting those individuals [7, 8]. 
Recently, cognitive impairment of vascular origin has once again attracted the inter-
est of researchers, driven mainly by the growing concern with metabolic conditions 
(systemic arterial hypertension, diabetes mellitus, dyslipidemia and obesity) and 
their effects on target organs [9, 10]. The incidence rate of dementia appears to be 
declining in western developed countries, which has been hypothesized to result 
from continued improvements in older adult education and advances in health care, 
including efficiently controlling metabolic diseases [11, 12].

Challenges for understanding and interpreting the epidemiological aspects of 
VCI to include the lack of harmonization of the nomenclature and diagnostic criteria 
used in the studies. Table 1 lists some of the primary population studies produced 
between 2000 and 2012, which have estimated the prevalence of VaD in different 
countries. A meta-analysis reported that VaD occurs in 1.6% of individuals over 65 
years of age and constitutes 26% of the total number of people with dementia in 
western countries [13]. Conflicting results across studies could be identified, mostly 
derived from different sources of diagnostic criteria employed: when the National 
Institute of Neurological Disorders and Stroke and l’Association Internationale pour la 
Recherche et l’Enseigne (NINDS-AIREN) criteria was adopted, the prevalence of VaD 
was 1.6%; conversely, the adoption of Alzheimer’s Disease Diagnostic and Treatment 
Centers (ADDTC) criteria yielded a prevalence of 2.6% [4].

2.2 Brain vascular changes and cognition

One study demonstrated that 83.3% of individuals with dementia due to subcor-
tical vascular disease initially presented focal or mild changes in cognition, with low 
impact on functionality, which would be analogous to the concept of Mild Cognitive 
Impairment due to AD [14]. Vascular Cognitive Impairment non Dementia, another 
construct of prodromal VaD, presented a prevalence of 2.6–8.5% in samples older 
than 65, configuring the most common clinical form among VCI cases [15].

In addition to etiological characteristics, other aspects may impact the preva-
lence of VaD in studies, such as age and geographic aspects, i.e., the inclusion of 
populations from long-term care facilities and the presence of comorbid brain 
conditions with neurodegenerative processes. Some studies demonstrated an 
increase in VaD prevalence with aging, although lesser than that observed in AD. 
It was suggested that the prevalence of VaD would double every 5.3 years, while 
AD would present a prevalence twice as high every 4.3 years [6]. Consistently, 
prevalence rates below 1% were identified in some studies that included samples 
younger than 65 years of age, whereas in a study evaluating a 95-year-old group, 
the prevalence was 15.7% (Table 1). However, conflicting results could be found 
in the literature on the relationship between aging and VaD. A European study, for 
example, showed that the prevalence of VaD reduced when populations aged 60 
and 90 were compared—15 and 8.7%, respectively [16]. In addition, the variation in 
the prevalence of VaD between the eighth and tenth decades of life was not signifi-
cant in one study (from 10.2 to 9.9%) [16, 17]. Mixed dementia, on the other hand, 
showed that prevalence between these age groups increased, advancing from 4.7 
to 7.1% of subjects [16, 17]. Another study conducted in the USA showed that VaD 
was responsible for 21% of dementia cases among those 80 years of age, but this rate 
corresponded to only 16% of cases older than 80. Studies evaluating the prevalence 
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of early-onset dementia (starting before 65 years old) have also documented contro-
versial results. VaD was shown to be the leading cause of early-onset dementia in 
a Japanese retrospective study, affecting 42.5% of the cases [18], while a Spanish 
study, which evaluated the incidence of dementia in individuals aged 30–64 years, 

Country Author, year Sample (n) Diagnostic criteria Age (years) Prevalence

China Wang W et al., 2000 3728 DSM-III-R, ICD-10 ≥65 1.37%

Zhang ZX et al., 2005 34807 MINDS-AIREN ≥65 1.1%

Zhao Q et al., 2010 17018 DSM-IV, 
NINDS-AIREN

≥55 0.79%

Jia J et al., 2014 10276 DSM-IV, 
NINDS-AIREN

≥65 0.79%

South Korea Lee DY et al., 2002 643 DSM-IV ≥65 2%

Jhoo JH et al., 2008 1118 DSM-IV, 
NINDS-AIREN

≥65 1%

Kim KW et al., 2011 8199 DSM-IV, 
NINDS-AIREN

≥65 2%

Japan Yamada T et al., 2001. 3715 DSM-III-R, 
NINDS-AIREN

≥65 1%

Ikeda M et al., 2001 1162 DSM-IV ≥65 2.4%

Meguro K et al., 2002 1654 DSM-IV, ADDTC, 
NINDS-AIREN

≥65 1.6% (NINDS-
AIREN) 
and 2.6% 

(ADDTC)

Wada-Isoe K et al., 
2009

120 DSM-IV, 
NINDS-AIREN

≥65 1.7%

Thailand Wangtongkum S  
et al., 2008.

1492 DSM-IV, 
NINDS-AIREN

≥45 0.29%

Sri Lanka de Silva HA et al., 
2003

703 DSM-IV ≥65 0.57%

Turkey Arslantaş D, 
Ozbabalik D, 2009

3100 CID-10 ≥55 4.29%

Spain Vilalta-Franch J et al., 
2000

1460 CAMDEN ≥70 6.23%

García García et al., 
2001

3214 DSM-III-R, 
NINDS-AIREN

≥65 1.8%

Bofill E et al., 2009 877 DSM-IV, 
NINDS-AIREN

≥80 6%

Denmark Andersen K et al., 
2000

3346 DSM-III-R 65–84 1.3%

Sweden Börjesson-Hanson A 
et al., 2004

338 DSM-III-R 95 15.7%

USA Plassman BL et al., 
2007

856 DSM-III-R, DSM-IV ≥71 2.43%

Brazil Herrera Jr. et al., 2002 1656 NINDS-AIREN. ≥65 0.66%

Bottino CM et al., 
2008

1563 DSM-IV ≥60 2%

Egypt The Callaway HN et 
al., 2012

8173 DSM-IV-TR ≥50 0.64%

Table 1. 
Population studies of VAD prevalence.
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reported that VaD was responsible for only 13.8% of cases; therefore, occurring less 
frequently than AD (42.4%) and dementia secondary to general medical conditions 
(18.1%) [19].

Geographic issues may affect the prevalence of VaD across studies. Classical 
studies have recorded the high prevalence of VaD in Japan and China, which would 
account for 50% of dementia cases, overcoming the frequency of AD [13]. Recent 
studies, however, have not confirmed such findings. It is currently accepted that, as 
observed in other countries, AD is the most common etiology of dementia in these 
regions. Meguro et al. [20] have argued that epidemiological studies previously 
conducted in Japan had overestimated the occurrence of VaD, probably due to cat-
egorizing mixed dementia within the group with cerebrovascular-related cognitive 
impairments [4]. Consequently, VaD/AD prevalence ratios significantly decreased 
in individuals 75 years old or more in studies conducted in Japan from 1985 to 2005 
(2.1 in 1985; 1.2 in 1992; 0.7 in 1998 and 0.7 in 2005) [21]. In Brazil, the prevalence 
of VaD ranged from 9.3 to 15.9% of dementia cases in population studies conducted 
in São Paulo state [22–24]. Studies evaluating differences between regions with dif-
ferent degrees of urbanization reported controversial results. The overall prevalence 
of dementia in rural areas of China was significantly higher than in urban areas 
(6.05% vs. 4.40%, P < 0.001), but this difference was not observed for VaD (1.28% 
vs. 1.61%, P = 0.166) [25]. Other authors, however, suggested that living in rural 
areas would double the odds of developing VAD (odds-ratio = 2.03) [26].

Comorbidity between AD and vascular brain lesions seems frequent. Post-
mortem studies indicated that 34% of individuals who presented pathological 
brain markers of AD also suffered from vascular brain changes [27]. Likewise, 
another article showed that significant vascular abnormalities occurred in 89% of 
cases of AD [28]. A population study reported that 40% of patients with demen-
tia presented a combination of AD-related and vascular brain alterations [4]. 
However, few studies to date have evaluated the prevalence of mixed dementia. 
A study showed that 12.6% of dementia cases met diagnostic criteria for both AD 
and VaD [29].

Studies measuring the influence of gender on the prevalence of VaD also pro-
duced conflicting results. Moreover, systemic arterial hypertension may double the 
risk for VaD in females, but not in males, while physical exercises appear to protect 
women more efficiently than men from VaD [26].

Studies on the incidence of VaD are rare and conflicting in the literature. 
According to North American data, VaD, with or without associated AD compo-
nent, has an annual incidence of 14.6 per 1000 people for Caucasians and 27.2 per 
1000 people for African Americans [30]. According to studies, the incidence rates 
of VaD did not differ between men and women [27].

3. Classification and diagnosis

3.1 Subtypes and clinical criterium

Cognitive alterations due to cerebrovascular disease (CVD) have been classi-
fied within a continuum named Vascular Cognitive Impairment (VCI), and the 
term VaD is currently reserved for the stages in which such deficits reach dementia 
severity [2, 31]. The concept of VCI involves presymptomatic presentations with 
high risk for cerebrovascular disease (“brain-at-risk”), as well as cases of cognitive 
impairment of vascular etiology that do not meet criteria for VaD, referred to as 
Vascular Cognitive Impairment No-Dementia (V-CIND) or Vascular Mild Cognitive 
Impairment (VaMCI) [6, 32].
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VCI encompasses a combination of various types of cerebral vascular lesions, 
i.e., multiple cortical or subcortical infarctions, strategic infarctions, microangio-
pathic lesions of white matter, base nuclei hypoperfusion lesions, and hemorrhagic 
lesions [31]. As a result of the array of pathological processes leading to parenchy-
mal damage, heterogeneous clinical presentations, including motor, cognitive and 
neuropsychiatric manifestations, could be identified. Hence, to enable a didactic 
approach to these conditions, some authors have sought to define VCI subsyn-
dromes based on the mechanism of vascular brain injury, which generated the 
concepts of “dementia by multiple infarctions,” “dementia by strategic infarction,” 
and “vascular dementia by subcortical ischemia.”

Dementia due to multiple infarctions results from disease of the large cerebral 
vessels, resulting mainly from vascular thromboembolism. Cortico-subcortical 
infarctions of variable extension are observed [33]. Symptoms typically start 
abruptly and evolve in a stepwise pattern, succeeding ischemic brain events. With 
the accumulation of brain lesions, the patient begins to develop focal neurologi-
cal signs, such as asymmetric reflexes, pseudobulbar syndrome (i.e., difficulties 
swallowing and speaking, in addition to effective lability), the release of primitive 
reflexes (such as Babinski reflex), and sensory abnormalities [33].

Dementia by strategic infarction is understood as a single lesion (or few lesions), 
which occurs in a functionally important location. It may result from cortical or 
subcortical infarction, whether unilateral or bilateral. Examples are dementias 
resulting from thalamic or hippocampal infarction [33].

Dementia due to subcortical ischemic vascular disease (SIVD) is the most 
frequent subtype of VaD, and it is associated with changes in small cerebral ves-
sels (perforating arteries) disease, secondary mainly to hypertensive arteriopa-
thy. It covers two clinical subsyndromes: Binswanger disease and lacunar state. 
Binswanger disease consists of dementia due to large subcortical infarctions, while 
in lacunar infarcts, multiple punctiform or rounded lesions are observed in the 
cerebral parenchyma. The clinical picture is usually insidious in most cases.

VaD due to subcortical ischemia may also be associated with the presence of a 
mutation in the NOTCH3 gene, of autosomal dominant transmission, causing the 
disease known by the acronym CADASIL (cerebral autosomal dominant arteri-
opathy with subcortical infarcts and leukoencephalopathy). This disorder presents 
as VaD by multiple subcortical infarctions of presenile onset. Symptoms include, 
in addition to severe cognitive deficits, the presence of migraine with aura, mood 
swings, and apathy.

The most used diagnostic guidelines for the detection of VaD are summarized 
in Table 2. Except for Hachinski’s Ischemic Score (HIS), based solely on clinical 
criteria, the diagnosis of VAD depends on the demonstration of cognitive deficits 
through neuropsychological testing and the relationship between cognitive impair-
ment and the vascular brain alterations identified to neuroimaging. The defini-
tion of dementia varies according to the criteria employed, leading to difficulties 
interpreting the results of studies that use different diagnostic systems.

3.2 Historical evolution of the VCI concept

Although the evolution of knowledge about the clinical and neuroimaging charac-
teristics of VCI has led to the improvement of diagnostic guidelines, some questions 
remain. The HIS, elaborated in 1975, was one of the first instruments to suggest a 
differentiation between “dementia by multiple vascular infarctions” and “primary 
degenerative dementia” through clinical criteria. Among them, the items “abrupt 
onset” and “stepwise evolution” refer to the pattern of cognitive deficits that follow 
episodes of vascular ischemia (e.g., vascular brain ictus). Following this principle, 
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more recent diagnostic guidelines require a temporal relationship between vascular 
events and cognitive impairment. However, recognizing subcortical ischemic disease 
as a cause of dementia of insidious evolution makes it necessary to adapt the criteria 
for the best detection of this type of condition. In addition, the memory impairment 
requirement, present in ICD-10 and NINDS-AIREN, derives from an approximation 
between VaD and more specific cognitive attributes of AD. The DSM-5, published in 
2013, has brought advances in this aspect, highlighting the presence of compromises 
in attention, processing speed, and executive function. Another data that deserves 
attention is the inaccuracy of neuroimaging criteria since the extent of white mat-
ter lesions necessary to generate cognitive alterations with dementia severity is not 
defined by the classification systems. Finally, the requirement of deficits in at least 
two domains is consensual among the most recent diagnostic guidelines. However, 
the cut-off point for cognitive impairment is not established. The National Institutes 
of Health (NIH) defined the cognitive impairment due to dementia as a cognitive per-
formance of two standard deviations below normative data in at least two cognitive 
domains, albeit further studies are needed to evaluate the validity of these criteria.

Predementia cognitive alterations of vascular etiology began to draw the atten-
tion of researchers in the late 1990s when Bowler’s studies warned of the impor-
tance of an early diagnosis for VCI [31]. Although the authors already pointed to 
the need for new diagnostic criteria that included the initial stages of the condition, 
early studies with Mild Cognitive Impairment (MCI) sought their similarities with 
AD [34]. In 2003, a study group meeting in Stockholm expanded the concept of 
MCI to include the “non-amnesic” form of the disorder in the diagnostic criteria 
[34]. Petersen’s diagnostic guidelines published in 2004 placed the MCI as a risk 
factor for dementia of different etiologies. In vascular conditions, amnestic or 
non-amnestic MCI with multi-domain involvement would tend to progress to VaD 
[34]. However, this initial model only included cognitive and functional aspects, 
not defining neuroimaging criteria for the condition. In 2011, the diagnostic criteria 
for VMCI were published, developed by the American Heart Association and the 
American Stroke Association, inspired by the algorithm for detecting VaD pro-
posed by these same entities [6]. The Vascular Cognitive Impairment No-Dementia 
(VCIND) construct is a more comprehensive concept than the VMCI, since it 
encompasses a wide range of conditions affecting cognition in the late life, includ-
ing focal cognitive deficits, genetic disorders, and cognitive alterations secondary 
to psychiatric disorders. However, a review of the concept of VCIND, proposed 
by Zhao et al. restricted this construct to bring it closer to the concept of VMCI 
[35]. The DSM-5 established the diagnostic guidelines for the Mild Neurocognitive 
Disorder of vascular etiology, defining it as the presence of subtle cognitive impair-
ments due to cerebrovascular disease [36].

Dementia associated with multiple mechanisms of brain damage, such as 
vascular-related and neurodegenerative processes, has been classified as Mixed 
Dementia (MD). Despite its increasing prevalence, the concept of MD lacks a clear 
definition. The HIS conceptualizes MD as an intermediate clinical state with both 
VaD and AD characteristics [33]. The NINDS-AIREN (1993) did not establish 
diagnostic criteria for DM, recommending the term “AD + Cerebrovascular dis-
ease” [37]. ICD-10 proposed that the diagnosis of MD should be established if the 
subject fulfilled the criteria for both AD and VaD [38]. The DSM-5 does not present 
a diagnosis characterization of DM but indicates the possibility of a simultaneous 
diagnosis of VAD and AD [36].

In addition, diagnostic definitions of VCI generally require observing cognitive 
dysfunction, vascular risk factors, vascular brain lesions, and focal neurological 
findings [39]. A classic presentation with stepwise evolution can be found in large-
vessel disease [33]. Table 3 summarizes these aspects.
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4. Pathophysiology

4.1 Cardiovascular aspects related to VaD

Hypoperfusion related to atherosclerosis and arterial sclerosis, hypotension 
associated with reduced cholinergic activity, altered autonomic regulation, corti-
cal hypometabolism, disruption of the neurovascular unit, and cardiovascular 
events such as congestive heart failure, with consequent systolic dysfunction and 
embolism is among the main events related to cerebrovascular disease and cognitive 
decline [6, 40]. Vascular lesions may cause impairment in cholinergic function and 
disconnection of frontal limbic associative fibers. Cholinergic tracts integrate dif-
ferent brain areas, participating in vasomotor control and cognitive and behavioral 
modulation [33].

SIVD is commonly observed in MRI in the form of subcortical hyperintensities. 
It results from the interplay of multiple risk factors affecting cerebral small vessels, 
such as dyslipidemia, hypertension, heart disease, genetics, and diabetes mellitus. 
Microstructural abnormalities usually comprise gliosis, demyelination, and axonal 
damage of subcortical connections. White matter lesions, known as leukoaraiosis, 
may be related to apathy, executive dysfunction, depression, motor alterations, and 
urinary control and have been considered a reliable predictor for progression to 
dementia [41]. Studies have shown that extensive white matter lesions, character-
ized by a score equal to 3 on the Fazekas visual scale, may have a death or disability 
rate of 29.5%. On the other hand, the identification of leukoaraiosis at MRI may 
not be exclusively suggestive of SIVD. Additional pathological processes, including 
inflammation (e.g., multiple sclerosis and neurosarcoidosis), autoimmune diseases 
(celiac disease), and inherited metabolism errors (leukodystrophy), may appear 
hyperintense at neuroimaging.

Risk and etiological factors Age of onset Neuroimaging Clinical features

Multi-infarct Hypertension, heart disease, 
diabetes, coronary disease

From the 4th 
decade

Cortical lesions 
and/or white matter 
and basal ganglia; 
commitment of the 
anterior, posterior 
and middle cerebral 
arteries

Executive 
dysfunction, apathy, 
impairment in 
attention depression, 
psychomotor slowing

CADASIL Mutation of the NOCHT 
3 gene

3–4th decades Hyperintensities 
in the temporal 
subcortical region

Migraine, executive 
dysfunction, family 
history

Binswanger Age, hypertension, diabetes Between 
4 and 7th 
decades

Extensive and 
diffuse lesions in 
the subcortical 
region

Insidious 
progression, mood 
swings, psychomotor 
slowing apathy, 
motor changes

Lacunar 
infarctions

Cardiac arrhythmias (atrial 
fibrillation), heart disease, 
hypertension

From the 
4th decade. 
Present in 
up to 30% of 
individuals 
over 30 years 
of age

Lesions in areas 
adjacent to the 
lateral ventricles, 
basal ganglia, 
thalamus, inner 
capsule, bridge, and 
cerebellum

“Silent infarctions”; 
the presence of 
risk factors, varied 
clinical and related 
to the topography of 
lesions.

Table 3. 
Clinical and radiological features of VaD.
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Cognitive impairment resulting from SIVD may increase the risk for conversion 
into dementia and directly cause cognitive decline. Executive dysfunction, attention 
deficit, processing slowing, and visuospatial alterations are frequently observed 
[36]. Memory impairment tends to be less severe than AD, as it mainly affects 
free recall and usually spares recognition, and patients can benefit from clues. 
Apathy, depression, and anxiety are standard features of SIVD. Possibly, a relation-
ship between the extent of the lesions and the location exists with the severity of 
dementia.

Binswanger disease is characterized as damage of 25% or more of the subcortical 
region [42]. It is characterized pathologically by thickening the walls of the small 
arteries with fibrinoid necrosis of large caliber brain vessels [43].

4.2 Vascular risk factors

Vascular risk factors (VRF) encompass disorders with an increased chance of 
developing brain vessel pathology and circulatory disorders, with eventual nervous 
tissue damage (CVD), leading to CCV14 [44].

The VRF comprises various causes (genetic, metabolic, cardiovascular, lifestyle, 
others) underlying the vascular pathology and eventually the nervous tissue sup-
plied by the vascular territory. They can be divided into non-modifiable, currently 
without adequate treatment or prevention (e.g., genetic [cerebral amyloid angi-
opathy, CADASIL, Fabry disease]) and modifiable, i.e., amenable to treatment and 
prevention (e.g., metabolic, cardiovascular) [45–47] (Table 4). The various VRF, 
including genetic diseases, and vascular pathologies, such as embolisms, cerebral 
blood flow, and perfusional changes, must be considered.

5. Diagnosis

5.1 Clinical evaluation and complementary exams

Anamnesis should investigate vascular risk factors, including arterial hyperten-
sion, dyslipidemia, diabetes mellitus, and sickle cell anemia [33]. Previous personal 
or familial history of vascular brain events should be characterized. Lifestyle habits, 
including alcohol and tobacco consumption and unhealthy diet, are strongly associ-
ated with VCI.

Clinical evaluation should also be directed to screening cognitive symptoms, 
especially to difficulties for goal-directed behaviors and sustained attention, 
as well as for deficits in cognitive speed [36]. Other abnormalities may include 
problems remembering recent events, difficulties organizing the personal agenda 
and planning tasks, reduced verbal fluency, and impaired spatial orientation. 

Metabolic Cardiovascular Lifestyle Others

High cholesterol
Diabetes mellitus
Metabolic syndrome
High homocysteine
Obesity

Arterial hypertension
Arteriosclerosis
Atrial fibrillation
Coronary disease
Carotid stenosis
Myocardial inflammation
Valvulopathy
Patent foramen ovale

Tobacco smoking
Alcoholism
Sedentarism
Inadequate diet

Psychological stress
Depression
Sleep apnea
Low education
Heart surgery
Vasculitis

Table 4. 
Modifiable vascular risk factors.
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Behavioral changes, either sudden or insidious, such as irritability, reduced 
general interest, and social isolation, often indicate depressive symptoms. In 
addition, personality changes, visible in social situations where the behavioral 
pattern is beyond the usual, may denote changes in brain function. A third 
component aspect of anamnesis is functional assessment, which addresses the 
degree of autonomy for resolving indoor or outdoor tasks, such as making a 
meal, paying bills, or dealing with money. For greater diagnostic accuracy, it is 
always desirable to have a companion throughout the examination, preferably 
those with recurrent or continuous contact, considering the possibility of cogni-
tive impairment in the patient.

The detailed neurological clinical examination should be guided by investigat-
ing comorbidities such as hypertension, atrial fibrillation, dehydration, infection, 
delirium, number of prescribed medications, alteration of sphincter control, motor 
difficulties or speech articulation, the occurrence of falls, as sudden changes in the 
level of consciousness.

5.2 Neuropsychological assessment

The neuropsychological and clinical characteristics of VaD vary depending on 
the location and extent of the lesions. Neuropsychological evaluation analyzes the 
repercussions of brain lesions and dysfunctions on the cognition and behavior of 
the patient [48]. The differential diagnosis of AD and VaD, the most frequent types 
of dementia, can be challenging; as previously mentioned, those two pathological 
processes may share similar clinical characteristics, and they may co-occur [1]. In 
addition, neuropsychological evaluation may help assess clinical status, contribut-
ing to planning therapeutic strategies and family guidance [49]. Some of the main 
findings on neuropsychological differences in the most homogeneous group of 
SIVD and AD are summarized in Table 5.

5.3 Neuroimaging assessment

Different guidelines recommend the use of neuroimaging for the characteriza-
tion of cerebrovascular disease [6, 39, 50–53]. Initially, as proposed by the National 
Institute of Neurological Disorders and Stroke–Canadian Stroke Network in 2006, 
these methods were recommended solely in research settings [50]. In 2011, with 
the American Heart Association/American Stroke Association recommendations, 
neuroimaging became a critical diagnostic tool in clinical practice [6].

Cognitive function SIVD AD

Memory • Minor impairment of episodic 
memory; Relative preservation of 
recognition memory, with benefit 
in the face of recognition clues

• Marked impairment in episodic 
memory (immediate memory and 
evocation); little benefit in the face of 
recognition clues

Language • More significant impairment in 
phonemic verbal fluency;

• Lower frequency of naming errors

• More significant impairment in 
semantic verbal fluency;

• Higher frequency of naming errors

Executive functions • Marked impairment in planning 
tests, “sequencing,” cognitive flex-
ibility, and alternating attention;

• Impairment in psychomotor speed

• Improved performance in executive 
function tests and psychomotor speed

Table 5. 
Differential diagnosis of VAD and AD according to cognition.
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5.3.1 Structural brain neuroimaging

Computed tomography (CT) is sufficient to rule out other causes of cognitive 
decline besides VCI, such as tumor processes, subdural hematoma, or hydrocepha-
lus. Lacunar infarctions and, to a lesser extent, subcortical lesions can be seen on 
CT. The detection of vascular brain disease by magnetic resonance imaging (MRI) 
is made through T2 and Flair-weighted images (Figures 1 and 2), the latter being 
the preferred sequence for identifying subcortical hyperintensities. In the case of 
thalamic strategic infarctions, the T2 sequence can contribute to its more precise 
location. Micro bleeds and calcifications may be better detected with the use of 
T2-weighted images. The finding of watershed infarcts between the anterior and 
middle cerebral artery is usually seen in the dominant hemisphere, in the case of 
anterior cerebral artery flow territories, bilaterally, preferably by FLAIR sequences.

The presence of lesions suggestive of ischemia or lacunar infarction on MRI or 
tomography should always be correlated with clinical examination and neuropsy-
chological examination findings. On the other hand, the absence of vascular lesions 
on CT or MRI indicates the low probability of a vascular etiology of dementia. The 
operational guidelines of the NINDS-AIREN - Association Internationale pour la 
Recherche et l’Enseignement en Neurosciences - are used to understand the radio-
logical aspects of VCI, being fundamental for the diagnosis of probable VaD [33, 37].

Subcortical vascular lesions result from small vessel disease and can be identi-
fied at MRI as pointy, diffuse, or localized areas, hyperintense in FLAIR and 
T2-weighted sequences [53]. Some authors distinguished their locations in periven-
tricular and subcortical. Several studies in neuroimaging have adopted volumetric 
techniques for the measurement of neuroimaging volume. However, visual methods 
have wide use in the clinical routine, giving their straightforward interpretation 
an advantage. One is the use of the Fazekas scale (Figure 1), ranging from 0 to 3. 
Recommendations for neuroimaging characterization of SIVD also include the 
analyses of cerebral microbleeds and perivascular spaces [39, 50, 53].

Diffusion tensor or diffusion tensor imaging (DTI) is a structural resonance 
technique based on the displacement of water molecules along axon fibers. DTI can 
be very useful as a biological marker of loss of axonal integrity and is a promising 
technique in the early diagnosis of neuronal disconnections in several neuropsy-
chiatric conditions, including VAD. Studies investigating brain vascular-related 
changes have shown the importance of evaluating specific brain regions, such as 

Figure 1. 
The proportion of white matter hyperintensities to magnetic resonance imaging with FLAIR sequence. The 
score on the Visual Scale of Fazekas for light (A), moderate (B), and advanced (C) levels were corresponding 
to the score of 1, 2, and 3, respectively.
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fornix, cingulate, and hippocampus; another focus of clinical interest of DTI has 
been the investigation between vascular and degenerative factors in dementia, espe-
cially the role of ischemic vascular lesions in conversion to AD [54]. In addition, 
axonal lesions may be associated with increased blood pressure, even in the absence 
of a diagnosis of hypertension [55].

5.3.2 Structural imaging in peripheric vascular disease

Neurovascular evaluation includes several complementary tests, such as 
ultrasonography (USG) of cervical carotid and vertebral arteries and CT or RM 
angiography of the carotid and vertebral arteries. These tests investigate vascular 
pathologies, e.g., atheromatous plaques and changes in cerebral blood flow. In cases 
where detailed visualization of the cervical and intracranial arterial tree is neces-
sary, such as suspected aneurysm, MRI or CT angiography may be used.

5.3.3 Perfusion and molecular methods

The use of single-photon emission tomography (SPECT) seems relevant in the 
differential diagnosis with VAD and, in typical Binswanger-type VaD, the finding of 
diffuse hypoperfusion. Concerning positron emission tomography (PET), different 
patterns of metabolism reduction are usually associated with VAD; these include 
diffuse hypometabolism in SIVD, frontal or multifocal, as in the case of lacunar or 
multiple infarctions. The use of PET or SPECT is recommended in the investigation 
of atypical cases, in which there are doubt diagnoses after clinical examination and 
structural neuroimaging.

5.4 Behavioral assessment

The comorbidity of VCI and mood disturbances, particularly affective symp-
toms, led to the proposition of a hypothesis known as “vascular depression” [56]. 
Statistically, anxiety (70%) and depression (20%) are the most frequent symptoms 

Figure 2. 
Flair image (A) shows cortico-subcortical infarction on the right, corresponding to the anterior cerebral artery 
territory with caudate nucleus injury. In some individuals, extensive white matter injury correlates with more 
significant overall cortical atrophy and increased risk for dementia, as shown in image (B).
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found in VCI [57]. Studies estimate that the prevalence of depression in VaD is 
13.1% in community samples and 21.4% in-hospital samples [57]. The high preva-
lence of depression in VAD (8–66%) and the frequent occurrence of visual halluci-
nations, especially in multi-infarct dementia, were observed compared to AD [58]. 
Conversely, mania (1%), psychotic symptoms are less common but have frequency 
similar to that encountered in AD.

The neuropathological mechanisms associated with behavioral alterations 
result from frontal and or subcortical involvement in different circuits and may 
reflect diffuse lesions or strategic anatomical structures. Behavioral changes may 
be accompanied by cognitive symptoms, such as concentration difficulties, slowing 
cognitive processing, and executive dysfunction.

6. Treatment principles

6.1 General principles of treatment

Considering the absence of specific treatment of CCV, the available therapeutic 
strategies comprise, above all, aspects of prevention [45, 59]. Therefore, the binomial 
control of risk factors—promotion of good health constitutes the main objective from 
the individual, epidemiological and public health point of view. Successful preven-
tion depends on the control and modification of risk factors and the effectiveness of 
protective factors, such as adequate lifestyle (including diet, physical activity, among 
others) [46]. It should be emphasized that prevention measures should be maintained 
from the brain-at-risk to the various CCV symptomatic presentations.

Neuropsychiatric symptoms are seen in all phases of CCV, most marked in the 
more advanced ones. Its treatment is necessary, considering its interference in 
other areas of performance and the quality of life of patients and family members. 
Treatment can be established after the correct definition of the problem, away from 
personal environmental factors of discomfort, and the differential diagnosis (e.g., 
delirium [infectious, metabolic, or drug-induced confusional states]). Initially, 
non-pharmacological strategies (environmental, behavioral, psychological, should 
be used) and pharmacological treatment, when indicated, should be safe and effec-
tive, minimizing cardiovascular side effects to avoid additional vascular injury [60].

The treatment of VaD can be didactically divided into pharmacological and 
non-pharmacological strategies. The first includes preventive measures based on 
epidemiological findings, e.g., the effective control of vascular risk factors [61]. 
Therefore, there is consensus among the authors regarding the need to treat hyper-
tension, dyslipidemia, diabetes, and other associated factors, although the effect 
size of preventive, therapeutic interventions for each risk factor remains disputable 
[6]. Nevertheless, studies suggest that effective control of hypertension results in a 
decrease of up to 34% in the incidence of VaD.

6.2 Non-pharmacological treatment

6.2.1 Control of cardiovascular and metabolic risk factors

Both hypertension and diabetes and have been related to the higher incidence 
of VCI. Blood glucose control should be moderate (glycated hemoglobin between 7 
and 7.9%); however, scarce evidence for a specific class of antihypertensive drugs 
remains [6, 62]. Patients with heart disease, e.g., atrial fibrillation, should be care-
fully monitored for appropriate anticoagulation levels. Smoking cessation should be 
stimulated regardless of age group.
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6.2.2 Physical exercise

Evidence from animal studies points to the benefits of physical activity in angio-
genesis, brain, and neurogenesis. Population studies have confirmed these findings 
by demonstrating a favorable role of physical activity in the lowest conversion rate 
for dementia and the most beneficial evolution [6]. However, the benefits seem less 
robust for VaD than for AD [6].

6.2.3 Diet and supplementation

The higher intake of polyunsaturated acids and omega 3, fibers, bowls of cereal, 
the moderate consumption of milk and its derivatives, meats, and saturated fatty 
acids have been associated with reducing the conversion of MCI and AD. Moderate 
alcohol use in about one or two drinks (<30 g/d) and adequate weight control also 
had a protective effect on VAD development. The mechanisms underlying this 
effect would be reducing LDL, increased HDL, reducing alcohol consumption, 
insulin resistance and blood pressure, reducing platelet aggregation and serum 
fibrinogen and homocysteine levels and inflammatory markers.

6.2.4 Neuropsychological rehabilitation

Neuropsychological rehabilitation may have a role in the treatment of cognitive 
deficits and neuropsychiatric symptoms in VCI. Individual or group family support 
can also be valuable in the rehabilitation process, providing caretakers with infor-
mation about the disease and prognosis and offering emotional support for coping 
[63]. Most studies with cognitive intervention, however, showed reduced efficacy in 
improving cognitive function with cognitive rehabilitation. Some findings highlight 
the lack of evidence due to methodological difficulties, such as the duration of the 
intervention, the instruments used as the control of confounding variables (medi-
cal comorbidities and psychiatric alterations).

6.3 Pharmacological treatment

6.3.1 The use of cholinesterase inhibitors

The frequent overlap of pathological mechanisms between VaD and AD sug-
gests that the use of acetylcholinesterase inhibitors may be useful in patients with 
vascular brain disease. The use of donepezil showed good tolerability and may 
improve cognitive and functional status. Rivastigmine has shown to be effective on 
cognition, although with an effect size proportionally lower than donepezil [62].

The use of cholinesterase inhibitors and the N-methyl-d-aspartate (NMDA) 
receptor modulators in patients with VaD and VCI has been controversial, although 
the benefits seem more evident with specific groups, e.g., individuals with the 
subcortical disease. Memantine, an NMDA antagonist, would act on the toxic action 
caused by glutamatergic overactivation, putatively exhibiting brain neuroprotective 
properties. There is also a need for further evidence demonstrating the benefits of 
this medication in VAD, but some specialists point to a possible improvement in 
subcortical conditions [62].

6.3.2 Treatment of behavioral changes in VCI

Pharmacological treatment of behavioral alterations aims at symptomatic 
remission or stabilization. Antidepressants may be indicated in moderate or severe 
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depressive symptoms or when monotherapy with acetylcholinesterase inhibitors has 
no effective response. Serotonin reuptake inhibitors (SSRI), venlafaxine, mirtazap-
ine, and trazodone are usually regarded as the safest and most well-tolerated options.

The use of trazodone or anticonvulsant has been used in maniform symptoms, agi-
tation, or aggressive behavior. Carbamazepine shows evidence of success in reducing 
agitation. Newer drugs such as gabapentin may still show effectiveness in these condi-
tions. Atypical antipsychotics may also be an alternative in agitation, and use should 
be restricted to the acute period. Risperidone and olanzapine are drugs with better 
tolerability. However, the occurrence of sedation and risk and falls and the evidence of 
increased incidence of drug-related vascular events demand thorough dosage monitor-
ing, with the risks and benefits being weighed on a case-by-case basis.

6.3.3 Alternative treatments

The use of ginkgo Biloba, nimodipine (potassium channel blocker), and antioxi-
dant agents requires further scientific evidence.

Regarding surgical interventions, studies have sought evidence of improvement 
in cognitive function after carotid revascularization, but the results are still incon-
clusive. Conversely, studies have pointed to cognitive improvement after carotid 
stent implantation against embolism, but these results require confirmation with 
long-term follow-up of patients.

7. Conclusion

This chapter provided a concise review of epidemiological, diagnostic, and clini-
cal aspects of vascular brain diseases. For most countries, vascular brain disease is a 
significant cause of dementia, and their presence, alone or associated with degen-
erative conditions, increases the risk of conversion to progressive cognitive decline. 
Neuropsychiatric manifestations vary according to the affected brain territory and 
disrupted neuronal circuits; behavioral disturbances include, for instance, mood, 
psychomotor, or thought disorders; cognitive deficits involve memory, attention, 
language, and other alterations, depending on the extension and localization of 
the lesions. Early diagnosis may have a decisive impact on clinical evolution and 
should guide health policies involving the old age population. Treatment involves 
a wide range of strategies, including controlling cardiovascular and metabolic risk 
factors and adopting a healthy lifestyle. Pharmacological treatment may include 
cholinesterase inhibitors and NMDA modulators, which aim to stabilize symptoms 
and, although not officially approved, are recommended depending on the stages of 
dementia. The safety and effectiveness of antipsychotics and antidepressants, par-
ticularly in managing agitation, psychosis, and depression, require further studies.
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Abstract

Cerebral vessels constriction is one of the leading causes of mortality and 
 disability in patients with acute cerebral circulatory disorders. The most dangerous 
type of acute cerebrovascular disease accompanied by high mortality is ruptured 
cerebral aneurysms with subarachnoidal hemorrhage (SAH). Following a constric-
tion of the cerebral vessels on the background of SAH is the reason for brain ischemia. 
This chapter will focus on the mechanisms of formation of cerebral vascular spasm, 
pathomorphological aspects of the cerebral vessels constriction, and the stages of 
vascular spasm—the development of constrictive-stenotic arteriopathy, contractural 
degeneration of smooth muscle cells, and endothelial damage. We will cover classifi-
cations of cerebral vessels constriction by prevalence and severity, modern methods 
of clinical and instrumental diagnostics and treatment including paroxysmal sympa-
thetic hyperactivity syndrome associated with the development of secondary compli-
cations, a longer stay of the patients in the ICU, higher disability and mortality.

Keywords: cerebral vessels constriction, SAH, arteriopathy, cerebral angiography, 
transcranial Dopplerography, paroxysmal sympathetic hyperactivity syndrome

1. Introduction

This chapter focuses on the problem of cerebral vessels spasm as the reason for 
brain ischemia. Vessel spastic constriction is one of the leading causes of mortality 
and disability in patients with ruptured cerebral aneurysms as the most dangerous 
type of acute cerebral circulatory disorders accompanied by high mortality. In this 
chapter, we describe the mechanisms of formation of cerebral vessels constriction, 
including on the background of subarachnoidal hemorrhage and various patho-
logical conditions—migraine, traumatic brain injury, ischemia or hypoxia, and 
arterial hypertension. Pathomorphological picture of cerebral vessels constriction 
is described here, smooth muscle role in the constriction of cerebral blood vessels, 
stages of cerebral blood vessels spasm, the development of constrictive-stenotic 
arteriopathy, endothelial damage. Diagnostics of cerebral vessels constriction 
include neurological assessment and data of cerebral angiography, transcranial 
Dopplerography with quantitative assessment of blood flow. Here is described 
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the classification of cerebral vasospasm by prevalence and severity and its treat-
ment including paroxysmal sympathetic hyperactivity syndrome, neurovegetative 
stabilization method, and therapeutic hypothermia.

1.1 Determination of cerebral vasospasm

Cerebral vasospasm is understood as a local or diffuse persistent spastic con-
striction of the smooth muscle elements of the vascular wall of the cerebral arteries, 
which is accompanied by a decrease in their lumen, that leads to a decrease in blood 
supply to the brain [1].

1.2 Background of the vasospastic theory of cerebral ischemia

The role of cerebral vasospasm in the genesis of cerebral ischemic disorders is 
currently the subject of discussion. At the end of the nineteenth century and in the 
first half of the twentieth century, cerebral vasospasm was considered as one of the 
leading causes of the development of ischemic stroke. As the methods of in vivo 
diagnosis of cerebrovascular pathology improved, the vasospastic theory gradually 
lost its significance. In addition, it was found that the cerebral arteries are one of the 
least reactive in the body [2]. It is assumed that only under strictly defined conditions, 
cerebral vasospasm can be the cause of cerebral ischemia, namely, in subarachnoid 
hemorrhage and, probably, in migraines [1, 3, 4]. At the same time, cerebral vaso-
spasm has recently been considered again as a possible cause of the development of 
cerebral ischemic disorders during endovascular neurosurgical interventions [5].

2. The mechanisms of formation of cerebral vessels constriction

Until now, it is not completely clear what is the result of cerebral vascular spasm—
an increase in the sensitivity of vascular smooth muscle cells to vasoconstrictor 
effects, an increase in the content of vasoconstrictors in the blood, a violation of the 
processes of postconstrictor relaxation of blood vessels, or morphological changes in 
the walls of blood vessels. The cause of vascular spasm can be the direct effect of oxy-
hemoglobin on the vascular wall, the breakdown products of red blood cells, endo-
thelin, and many other factors [6]. The action of oxyhemoglobin may include direct 
vasoconstriction, the release of arachidonic metabolites and endothelin from the 
arterial wall, inhibition of endothelium-dependent vasodilation by removing nitric 
oxide, damage to perivascular nerves, and stimulation of free radical reactions [7].

2.1 Subarachnoidal hemorrhage and cerebral vessels constriction

Based on the results of the numerous studies, Towart R. identified three groups 
of factors that affect vascular tone in SAH [8]:

Group 1—Substances that cause vascular spasm (serotonin and its metabolites, 
catecholamines, histamine, angiotensin, vasopressin, prostaglandins, in particular, 
prostaglandin F2a, thromboxane A2);

Group 2—Substances that can contribute to the development of arterial spasm 
(red blood cell breakdown products, thrombin, fibrinogen breakdown products, 
prostaglandins, histamine, serotonin, and potassium);

Group 3—Factors that increase spasm due to increased sensitivity of vascular 
constrictors due to activation of the sympathetic nervous system (increased potas-
sium content in the cerebrospinal fluid, the presence of blood components in the 
cerebrospinal fluid, fibrinogen breakdown products, angiotensin, platelet growth 
factor, endothelin).
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It is known that when the endothelium is damaged against the background of 
SAH, activation of phospholipid peroxidation of the plasma membrane of a smooth 
muscle cell occurs, which leads to the accumulation of diacylglycerol, activation 
of protein kinase C, and prolonged constriction of the vessel wall [9–11]. On the 
other hand, it is suggested that reactive oxygen species are involved in the activation 
of protein tyrosine kinase and mitogen-activating protein kinase [12–14]. Against 
this background, various biological processes are induced—cell proliferation and 
migration, apoptosis.

Arterial vessels in the area of hemorrhage (directly in the hematoma or 
washed with bloody liquor) are exposed to biologically active compounds 
aggressive to the vascular wall—products of blood breakdown and inflammatory 
reactions [6].

Sympathetic activation after SAH can stimulate inflammatory reactions [7, 15].
Spasm of the cerebral vessels on the background of SAH exists for quite a long 

time (up to several weeks). It is obvious that the pathophysiological mechanisms 
of spasms in large cerebral arteries do not exhaust the problems of brain ischemia. 
Over time, there are ultrastructural changes in the large vessels of the brain 
(intima compaction, destruction of the endothelium), which leads to its chronic 
ischemia [4, 5].

Many vasoconstrictor substances (catecholamines, serotonin, prostaglandins, 
thromboxane A2, hemoglobin, and products of destruction of red blood cells) cause 
vasospasm through various mechanisms, but the common thing is that they increase 
the intracellular concentration of free calcium. These processes are controlled by 
cAMP and cGMP. Therefore, one of the ways to prevent vasospasm is to increase the 
concentration of cAMP and cGMP, which increase the calcium uptake by the sarco-
plasmic reticulum, which, theoretically, should lead to vascular relaxation.

Thus, the pathophysiological mechanisms that lead to cerebral vasoconstriction 
are complex.

2.2  Mechanisms of formation of cerebral vessels spasm in various pathological 
conditions

Figure 1 shows the mechanisms of formation of cerebral vascular spasm in vari-
ous pathological conditions (migraine, traumatic brain injury, ischemia or hypoxia, 
SAH, arterial hypertension) [2].

Figure 1. 
Formation of cerebral vascular spasm [2].
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3. Pathomorphology of cerebral vessels constriction

3.1 Smooth muscle role in the constriction of cerebral blood vessels

Smooth muscle in the cerebral blood vessels is involuntary. It is considered that nor-
mally the muscular apparatus of the arteries remains partially reduced and this “basal 
tone” ensures the maintenance of the necessary level of blood pressure. Increased tone 
(and pressure) is a result of constriction of the smooth muscle apparatus and nar-
rowing of the artery lumen. Electron microscopic studies have established that three 
varieties of filaments are involved in the constriction of smooth muscle cells—thin 
(7 nm), thick (17 nm), and intermediate (continuous). The latter play a leading role in 
the constriction. They form a continuous system, a kind of network, inside each cell.

There are also so-called dense corpuscles, which act as reference points during 
the act of constriction. These formations contain a protein (α-actin), which allows 
us to consider them analogs of Z-plates of striated musculature. The reduction of 
intermediate filaments leads to the dislocation of thin (actin) and thick (myosin) 
filaments, their sliding along with each other leads to cell deformation. In the inter-
vals between dense parts, the cytoplasmic membrane bulges outwards. A shrunken 
cell in a scanning microscope has a “bumpy” surface [16].

3.2 Stages of cerebral blood vessels spasm

Like any pathological process, vasospasm passes through three stages in its 
development—normal vessel tone → spasm (reversible constriction of the vessel 
lumen) → irreversible spasm.

The irreversible phase of the pathological spasm is accompanied by damage to 
the structural elements of the artery wall with the development of contractural 
degeneration of myocytes, subsequent cell death, and endotheliosis.

Developing arteriopathy is the result of a spasm (constriction) and is manifested by a 
hemodynamically significant narrowing (stenosis) of the lumen due to intussusceptions 
(indentation) of the intima and internal parts of the t. media and edema into it [17].

The development of constrictive stenotic arteriopathy against the background of 
prolonged or chronic vasospasm can be divided into two phases:

• functional spasm and stenosing spasm (contracture).

3.2.1 Arterial spasm (reversible functional state)

Morphological manifestations of spasm of the arteries of the base of the brain 
(Figure 2):

• narrowing of the vessel lumen;

• thickening of the artery wall with the formation of protrusions into the lumen;

• wavy (“corrugated”) the stroke of the internal elastic membrane (data);

• change of the horizontal (planar) orientation of the endothelium to the vertical;

• shortening and thickening of myocytes;

• stellate configuration of the myocyte nucleus;

• the wavy course of collagen fibers in adventitia [17–22].
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3.2.2 Stenosing spasm (contracture)

With prolonged spasm, the following changes in the artery wall are added to the 
above-listed manifestations of ordinary spasm, leading to additional narrowing of 
the lumen:

• the formation of large longitudinal folds of the intima, formed due to a sharp 
reduction in the internal bundles of smooth muscle cells and significantly 
protruding into the lumen of the vessel;

• hyperhydration of the walls with the accumulation of edematous fluid under 
the IEM on the tops of the intima folds and aggravation of lumen stenosis. The 
formation of large folds carries the effect of stenosis—an additional volume 
appears in the maximally narrowed lumen of the artery, due to which not only 
the internal relief of the vessel changes but even more its throughput for blood 
decreases, which is recorded by radiopaque methods of examination and is 
designated as a vascular spasm (Figure 3).

3.2.3 Contractural degeneration (destruction) of smooth muscle cells

A material substrate of irreversible changes in smooth muscle cells with spasm, 
which are the final of a long stay of the vessel (arteries) in an aggressive environment, 
contractural degeneration appeared—a variant of irreversible dystrophy, which was 
not previously listed in the list of such processes in relation to smooth muscle cells. 
Irreversible damage to the cell myofibrils with the subsequent development of dystro-
phic changes, colliquation and coagulation necrosis of the nuclei and cytoplasm of the 

Figure 2. 
Morphology of different arterial tones and spasms. A. Atonic state of the artery. Straightened internal elastic 
membrane, segmentally weakly pronounced folds on the inner surface of the artery. Coloring with orsein on elastic. 
Magnification 200. B. Increased arterial tone. A corrugated internal elastic membrane without the formation of 
muscle folds. Coloring with orsein on elastic. Magnification 200. C. Mild spasm. Small folds of the internal elastic 
membrane with muscle invaginations. Coloring with orsein on elastic. Magnification of 200. D. Moderate spasm. 
Uniform internal folds of the artery. The color is toluidine blue. Magnification 200. E. Stellate configuration 
of myocytes and nuclei, the appearance of electron-dense particles in the cytoplasm during constriction. 
Electronogram.Magnification 200. F. On the surface of the folds of the intima of the spastic artery, the“ bulging 
“endothelium is rounded on the surface and compressed in the depth of the folds. Electronogram.Magnification 750.
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cell elements of the middle shell, is the result of mechanical rupture of the cell myofi-
brils with prolonged spasm, developing at 2–4 weeks under the influence of biologi-
cally aggressive substances of the spilled blood. The morphogenesis of contractural 
degeneration, as a special case of myocyte damage, is demonstrated in Figure 4 [23].

Stages of destructive changes in the contractile apparatus of smooth muscle cells of 
the arteries of the base of the human brain in constrictive-stenotic arteriopathy [24].

At the top, the smooth muscle cell is in a relaxed state (nucleus, contractile 
myofibrils: thin, thick, intermediate);

1. A contracted smooth muscle cell. The shape of the cell and the nucleus 
are changed, actin and myosin contractile fibrils have come into contact 
(in accordance with the principle of “sliding mechanism”);

2. Prolonged spasm (contracture). Destruction of myofilaments;

3. Impregnation of the dead cell with plasma and tissue fluid;

4. Forming layered corpuscles in the dead smooth muscle cells;

5. Formed layered corpuscles;

6. The remains of a cell in the interstitial tissue (Figure 5).

3.2.4 Endotheliosis and desquamation of the endothelium

Against the background of prolonged spasm, dystrophic changes in the endo-
thelium are recorded with vacuolization of the cytoplasm and a violation of the 
connection of endotheliocytes with the basement membrane. The endothelium is 
“squeezed” into the lumen from the depth of the folds formed during a stenotic 
spasm. Changes in the endothelium during a spasm and the development of 
constrictive-stenotic arteriopathy (Figure 6):

• endothelial damage (endotheliosis);

• desquamation of the endothelium;

• formation of surface erosions of the intima.

Figure 3. 
Constrictive-stenotic arteriopathy (“vasospasm”). A. Deep muscle invaginates forming deep folds stenosing 
the lumen of the artery. Coloring with orsein on elastic. Increase 200. B. Double-humped invaginates of 
the muscular membrane, rough deep folds. The color is toluidine blue. Magnification 200. C. There is an 
accumulation of edematous fluid in the invaginate zone under the internal elastic membrane. Staining with 
thionine. Magnification of 200.
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Figure 4. 
Damage to smooth muscle cells during prolonged vasospasm (author’s drawing of Professor Medvedev 
Yu.A., 2001).

Figure 5. 
Damage to smooth muscle cells in contracture degeneration. A. Vacuole dystrophy and myocytolysis. 
Electronogram.Mag. 2000. B. a layered body made of fragments of fused myofibrils destruction of the 
functional substrate of the artery wall (smooth muscle it explains the tolerance of blood vessels to drug dilation 
therapy in constrictive-stenotic arteriopathy Electronogram.Mag. 20000 [24].
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Endothelial damage explains the observed endothelial dysfunction. The loss of 
the endothelium does not yet lead to thrombosis, a violation of the parietal mem-
brane can affect the rheology of the blood.

Thus, vasospasm after intracranial hemorrhages should be considered as a patholog-
ical process that develops as a result of prolonged reactive spasm with the development 
of arteriopathy, consisting in contractural degeneration of myocytes, endotheliosis, and 
desquamation of the endothelium with the formation of surface erosions (Figure 7).

Contractural degeneration occurs not only in aneurismal hemorrhages. It occurs 
in all those situations when it comes to hemorrhages in the substance of the brain 
and its membranes. This is a wide range of diseases, including, first of all, hyper-
tension, as well as other diseases accompanied by arterial hypertension (kidney 
diseases, endocrinopathy, hemorrhagic diathesis of various nature, traumatic brain 
injury, surgical brain injury, etc.) [4].

4. Diagnostics of cerebral vessels constriction

4.1 Neurological assessment

Neurological examination is the main clinical tool for the diagnosis of stroke and 
cerebral vasospasm in particular. The diagnosis of symptomatic vasospasm is based 

Figure 7. 
Stages of constrictive-stenotic arteriopathy. A. Stage of reactive spasm. Reversible phase. B. Stage of stenosing 
spasm (contracture). C. Stage of edema and destructive changes. The irreversible phase.

Figure 6. 
Constrictive-stenotic arteriopathy (“vasospasm”). Endotheliosis. A. on the surface of the intimate fold, on the 
right, there is an endothelium with degenerative changes (vacuolized cytoplasm and deformed nucleus), cell 
decomplexation, and loss of connection with the basement membrane, on the left—the inner surface is devoid 
of an endothelial layer, in the roughness of the folds there is cellular detritus of a necrotized endotheliocyte, 
under the inner elastic membrane there is an accumulation of fluid and dystrophically altered myocytes. 
Electronogram.mag. 2000. B. Desquamation of the endothelium in the zone of pronounced folding of the wall 
with the erosion of the inner circumference of the artery. There is a desquamated endothelium in the lumen of 
the spasmed artery. Electronogram.mag. 750. C. Cellular embolus of desquamated endothelium in the lumen of 
a spasmodic small artery. Coloring with orsein on elastic. mag. 200.
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on the appearance of focal or global neurological deterioration. Fluctuation of the 
level of consciousness, negative dynamics in the form of an increase in the focal 
neurological deficit, and deprivation of the level of consciousness to stun, sopor 
up to coma require immediate CT scan of the brain with cerebral angiography. In 
patients with verified SAH, the condition at admission is assessed on the Hunt-Hess 
scale [25]. The state at discharge—according to the Glasgow outcome scale [26].

The stimulation of the higher cortical center of the sympathetic nervous system — 
the insular cortex—with blood spilled due to SAH is realized in a sympathetic 
“storm” or paroxysmal sympathetic hyperactivity syndrome (PSH). PSH is associ-
ated with the development of secondary complications, a longer stay of the patient 
in the ICU, higher disability, and mortality [27, 28].

Timely and adequate prevention and therapy of the syndrome improves the 
functional result [29, 30]. Criteria for PSH syndrome and differential criteria are 
present in Tables 1 and 2.

Indicators/points 0 1 2 3

Main criteria

Pulse rate <100 110–119 120–139 >140

BP syst <140 140–159 160–179 >180

Breath rate <18 18–23 24–29 >30

Kerdo index 0 +1 − +10 +10 − +20 >+21

T C <37 37–37.9 38–38.9 >40

Increased muscle tone (points) 0 1–2 3 4–5

Frequency of episodes of vegetative instability (in 24 h) No 3 6 >6

Additional criteria

Level of consciousness (points) (GCS) 15–14 14–13 12–10 <10

Hyperhydros No + ++ +++

Skin hyperemia no + ++ +++

Albumin g/l 34–48 28–34 22–28 <22

EEG signs of irrigation of diencephalic structures no + ++ +++
Interpretation of results:
0—no; 1–7 p according to the main criteria, no more than 5p according to additional criteria—weakly expressed PSH 
syndrome; 8–14 p according to the main criteria, no more than 10 p according to additional criteria—moderate PSH 
syndrome; 15–21 p-according to the main criteria, 10–15 p according to additional criteria- pronounced PSH syndrome.

Table 1. 
Criteria for PSH syndrome.

Indicators/points 1 2 3

ΔT C >0.5 >0.7 >1

Procalcitonin test (qualitative method) >0.5 >2 >10

Pain + ++ +++

Pulse rate 80–99 60–79 <60

BP syst 90–100 80–90 <80

T <36 <35.5 <35
Interpretation of the results: 1–5 p—possible combination with other conditions that require additional diagnosis 
and treatment; 5–11 p—PSH syndrome is doubtful or is not leading; 11–18 p—PSH syndrome is excluded.
Notes: The assessment is carried out only under the condition of normovolemia, pO2 > 60 mmHg or SpO2 > 85%, 
pCO2 < 50 mmHg, glycemia > 3.5 mmol/L. DT C - the difference between rectal and axial temperatures; Kerdo 
index = 100× (1-ADdiast/HR); + weak severity of the sign +. ++ moderate severity of the sign ++. +++ strong 
severity of the sign +++. The level of consciousness is assessed according to the Glasgow Coma Scale. The assessment of 
muscle tone is made according to the Ashworth spasticity scale.

Table 2. 
Differential criteria.
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Pain syndrome assessment in patients with preserved consciousness can be 
performed according to a 5-point verbal pain assessment scale [31], where 1 
point = +; 2–3 points = ++; and 4 points = +++.

The assessment of the level of sympathetic hyperactivity is made at least once a 
day. The use of differential criteria for the initial and each subsequent assessment is 
mandatory.

4.2 Instrumental diagnostics of cerebral vasospasm

Instrumental diagnosis of vascular diseases of the brain and cerebral vasospasm, 
in particular, is based on the joint use of methods of radiation and ultrasound 
diagnostics.

4.2.1 Cerebral angiography

The “gold standard” for the diagnosis of cerebral vasospasm remains  
cerebral angiography. The angiographic diagnosis of cerebral vasospasm is 
established by the presence of local or diffuse narrowing of the cerebral arteries 
(Figures 8 and 9).

Figure 8. 
Cerebral angiography. Multiple cerebral aneurysms: ACA, right MCA in patient P., 45 years old. Cerebral 
vasospasm detected in the A1 segment right ACA.

Figure 9. 
Local cerebral vasospasm of the A1 segment of the left ACA developed during embolization of the left ACA sac 
aneurysm (9, 1 × 7, 8 × 6, 1 mm).
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4.2.2 Transcranial dopplerography

The possibilities of diagnosing cerebral vasospasm, including its initial stages, 
have expanded after the introduction of the transcranial Dopplerography method 
into clinical practice [3].

Ultrasound assessment of blood flow in the cerebral arteries is the most mobile 
method of screening, dynamic observation, and monitoring of the condition of 
patients with acute cerebral circulatory insufficiency. In acute cerebral ischemia due 
to the development of cerebral vasospasm, the prognostic marker and the purpose 
of monitoring are universal and reproducible characteristics—the flow direction, 
the type of spectrum, the value of the cerebral blood flow velocity, and the auto-
regulatory reserve [3, 32–34].

In cerebral vasospasm, an increase in linear blood flow velocities and, above 
all, the maximum systolic velocity (or frequency), as well as a violation of cerebro-
vascular reactivity, is recorded. Thus, in cerebral vasospasm, the Doppler picture 
is similar to stenosis and is usually observed in several cerebral arteries [3]. The 
initial stage of angiospasm is diagnosed when the peak systolic blood flow rate in 
the middle cerebral artery (MCA) increases to 120 cm/s. With a moderate degree 
of vasospasm, its value varies from 120 to 200 cm/s, and with severe vasospasm, it 
exceeds 200 cm/s [34, 35].

With all the variety of pathogenetic variants of damage to the cerebral vascular 
bed, there are several diagnostically important parameters of the Doppler signal, 
the changes of which are universal and reproducible, such as the direction of flow 
relative to the source of ultrasound radiation, the type of spectrum, and the value 
of the maximum systolic and minimum diastolic velocity [3, 33].

4.2.3 The quantitative assessment of blood flow

The quantitative assessment of blood flow in the arteries of the brain is based 
both on the directly measured parameters of the Dopplerogram (amplitude, 
frequency distribution, pulse variations) and on various calculated indices.

The most popular measured Doppler parameter is the flow rate:

• Maximum systolic blood flow velocity (Vsist);

• End diastolic blood flow velocity (Vdiast);

• Average rate per cardiac cycle (MenV);

• Average speed per systole (Vms).

The flow rate is a reference value for arterial vessels with certain characteristics 
that are close to constant (diameter, depth). Initially, it is assumed that in the 
absence of structural anomalies and vascular diseases that form the cerebral arterial 
system, the absolute values of blood flow parameters at rest are constant for a 
particular person, and their deviations during functional loads (hypoxia, physical 
exertion, etc.) correspond to the range of the autoregulation reserve.

Based on the indicated parameters characterizing the spectral curves, calculated 
coefficients have been developed that allow us to quantitatively describe the normal 
and pathological features of the received signal. The most common methods used 
for the clinical assessment of blood flow parameters are as follows:

• Circulatory resistance index (RI);
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• Pulsatility index (PI);

• Systolic-diastolic index (ISD);

• Spectral Expansion Index (SBI);

• Coefficient of asymmetry (KA);

• Pulse wave rise index (PPI).

Absolute values of blood flow velocity play an important role in assessing the 
reserve of collateral circulation or calculating the transmission pulsation index (the 
ratio of velocities in the extra-and intracranial segments of the carotid basin arter-
ies) in cerebral vasospasm.

In addition, all judgments about the quantitative values of the tonic component 
of the dislocated vessel, the state of the resistive segment of the cerebral arterial 
pool, and reactive changes during the period of functional stress are also derived 
from the analysis of the velocity parameters [35].

Turning to the absolute values, it is necessary to take into account some features 
of the distribution of speed parameters along with the cerebral arteries, due to a 
combination of physiological and instrumental reasons. These features are mani-
fested by the physiological hierarchy of values of the linear velocity of blood flow 
in the cerebral and precerebral arteries. At the extracranial level—internal carotid 
artery > external carotid artery > vertebral artery. At the intracranial level—middle 
cerebral artery > anterior cerebral artery > internal carotid artery > posterior 
cerebral artery > main artery > vertebral artery [32].

Between the arteries of the large anastomosis of the base of the brain (Willis 
circle), the predominance of speed in the middle cerebral artery over the speed in 
the anterior cerebral artery and posterior cerebral arteries fits into the 20% range 
[34]. The flow along the main artery is usually always higher than in the best of the 
vertebral arteries. The normative value of the coefficient of asymmetry between the 
same carotid arteries of the different sides should not exceed 20%, a 30% difference 
in speed indicators is permissible for vertebral arteries. Taking into account the 
anatomical features (the formation of the right arterial sections from the brachio-
cephalic trunk), lower values are more often recorded in the right vertebral arteries 
and the internal carotid artery.

Thus, the diagnosis of cerebral vasospasm is based on the data of neuro-
logical symptoms, data of cerebral angiography, and the results of transcranial 
Dopplerography. When comparing instrumental and clinical data, reversible 
neurological symptoms are usually registered in patients with moderate vessels 
constriction, and persistent neurological deficit—in severe vasospasm.

5. Classification of cerebral vasospasm

According to transcranial Dopplerography of brain vessels angiospasm is 
assessed by three degrees of severity: at a blood flow rate of <120 cm/s- I degree, 
120–200 cm/s - II degree, >200 cm/s- III degree; by prevalence—vascular spasm 
of one carotid area-local (segmental), vascular spasm in both carotid areas—
widespread (multisegmental), spasm of carotid and vertebrobasilar areas-total 
(diffuse).

The severity of cerebral vasospasm during endovascular neurosurgery is 
assessed according to Atkinson P. classification [32].



109

Cerebral Vasospasm: Mechanisms, Pathomorphology, Diagnostics, Treatment
DOI: http://dx.doi.org/10.5772/intechopen.101229

6. Treatment of cerebral vessels constriction

Treatment of patients with acute disorders of cerebral circulation requires early 
determination of the causes of acute cerebrovascular accidents, as well as a dynamic 
assessment of pathogenetic processes.

Previous studies have shown that 13–30% of patients with SAH suffered clinical 
deterioration due to an ischemic event secondary to cerebral vasospasm, and approxi-
mately 50% of these patients either had a long-term pathology or died as a result of such 
an event [7, 36–39]. Angiographic vasospasm has been reported to occur in 50–70% of 
patients with SAH [38–40]. A number of researches aimed to identify early predictors 
of vasospasm after SAH, since such identification could provide more effective preven-
tion of vasospasm and subsequently lead to better neurological outcomes [41].

Vasospasm, which develops in a number of cases during endovascular neurosurgi-
cal interventions, is considered a possible cause of perioperative cerebral ischemia [5]. 
The frequency of subarachnoid hemorrhage (SAH) is 15–18 per 100 thousand people 
per year [42]. The main causes of death in patients with a ruptured cerebral aneurysm 
are the direct influence of spilled blood, hydrocephalus and ischemic complications 
resulting from vasospasm. If the first two causes are coped with more successfully due 
to the improvement of microsurgical neurosurgical techniques of aneurysm opera-
tions and methods of hydrocephalus treatment, then vasospasm and related ischemic 
complications occupy a leading place among the complications [5, 42].

It was revealed that vasospasm of the I and II degrees is effectively treated 
conservatively and has no significant effect on the clinical outcome, and diffuse 
vasospasm of the III degree negatively affects the outcomes and requires the use of 
endovascular angioplasty and intraarterial pharm angioplasty [43, 44].

It is known that vasospasm appears on the fourth day, increases to 14–17 days, 
and gradually decreases to 21–30 days.

Figure 10 shows a Dopplerographic picture of cerebral vasospasm of the III 
degree on the 16th day from the rupture of the ACA aneurysm.

Dopplerography is performed in dynamics in all patients with detected vaso-
spasm in order to determine the effectiveness of treatment. Against the background 
of positive neurological dynamics, by the end of the fourth week of the disease, 
most patients have both a general and regional decrease in speed indicators, which 
is associated with overcoming edema, reducing the volume of brain tissue in the 
affected pool, restoring the compliance of perfusion capabilities with the metabolic 
and functional needs of the preserved areas of the brain.

The lengthening of the period of instability of speed parameters or significant 
fluctuations in absolute values can serve as a marker of an unfavorable prognosis 
of the deepening of the ischemia process (progredient course), which undoubtedly 
serves as a basis for clarifying the etiological and/or pathogenetic factor, searching 
for errors in the choice of therapeutic tactics.

The Fisher CT scale, which evaluates the amount of blood in any cracks or tanks, 
as well as the presence of intraventricular hemorrhage or intracerebral hemorrhage, 
is widely used to identify patients with a high risk of developing cerebral vasospasm 
after SAH [45, 46]. The Fisher CT scale is widely used to identify patients with a 
high risk of developing cerebral vasospasm after SAH [45, 46]. Vasospasm, accord-
ing to Fischer’s classification, is directly proportional to the outpouring of blood in 
the basal cisterns (Figure 11).

According to this classification, patients with intracerebral hematomas (ICH) 
and intraventricular hemorrhages (IVH) are at high risk of developing vasospasm 
[47]. Despite the widespread protocols for the prevention and treatment of vaso-
spasm in recent years, the introduction of endovascular technologies (balloon 
angioplasty, pharm angioplasty), the results are still unsatisfactory.
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Japanese researchers have shown that the amount of blood on computed tomog-
raphy (CT) is a predictor of cerebral vasospasm after SAH [48]. However, the 
influence of the location of blood on the frequency of vasospasm remains unclear. 
The authors retrospectively evaluated the relationship of blood volumes in indi-
vidual components (tanks and slits) of computed tomography with angiographic 
vascular spasm after SAH [49–51]. The study included 149 patients with SAH who 

Figure 11. 
Fisher CT III-IY in patients with a cerebral aneurysm, right ACA-ACA (A), left ACA-ACA (B).

Figure 10. 
Cerebral vasospasm of the III st. in both MCA (D < S) in patient M. on the 16th day from a rupture of the 
ACA aneurysm. Doppler study data.
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were scheduled for clipping of a cerebral aneurysm. The amount of subarachnoid 
blood was classified according to the Fisher CT scale. The amount of subarachnoid 
blood in five tanks or three slits was also estimated on the SAH scale from 0 to 3  
(0 - no blood, 3 - completely filled with blood) [52, 53]. Spasm of the cerebral vessels 
was diagnosed according to the results of angiography. The researchers obtained the 
results according to which angiographic vasospasm developed in 51 of 149 patients 
(34%). Of these, 26 patients had neurological symptoms. The Fisher CT and SAH 
scores in the right and left Sylvian fissures and suprasellar cisterns were significantly 
higher in patients with angiographic vasospasm than in patients without it. One-
dimensional logistic regression analysis showed that a high level of Fisher CT and 
high SAH scores in the right and left Sylvian fissure and suprasellar cisterns were 
predictors of angiographic vasospasm. Multivariate analysis showed that the SAH 
score in the right Sylvian fissure was an independent predictor of angiographic 
vasospasm (odds ratio, 3.6; 95% confidence interval (CI), 1.7–7.7; P = 0.01) [48].

Activation of the sympathetic nervous system is associated with the develop-
ment of vasospasm [54–58]. Peerless et al. [54] indicated that vessels removed from 
direct contact with blood showed reactive narrowing 1 week after SAH, suggesting 
that cerebral vasospasm may be mediated by a central control mechanism acting 
through the sympathetic nervous system. Bunc et al. in an experiment on rabbits 
[55] demonstrated that the influence of the noradrenergic blockade of cerebral 
noradrenergic areas of the hypothalamus and brain stem prevents vasospasm in 
circumstances similar to SAH by way of exclusion of the activity of the sympathetic 
nervous system.

It is well known that the cardiovascular centers of the brain stem are involved 
in the regulation of cardiac function through sympathetic and parasympathetic 
efferents [2]. However, recent data have shown that supratentorial centers can also 
participate in the regulation of the cardiovascular system. Hirashima et al. [59] 
showed that the amount of SAH in the right Sylvian fissure was independently 
associated with abnormal ECG changes in patients with SAH, and the degree of the 
amount of SAH in the right Sylvian fissure was a better predictor of ECG changes 
than the degree of Fisher CT. These authors suggested that, since the insula cortex 
is an important site for controlling autonomic function with a right-sided predomi-
nance of sympathetic cardiovascular effects, blood in the right Sylvian fissure may 
stimulate the insula cortex, which leads to sympathetic cardiovascular effects, such 
as ECG changes. Sympathetic activation can activate inflammatory reactions [7, 15]. 
Yoshimoto et al. [15] reported that patients with SAC with systemic inflammatory 
response syndrome had a higher probability of cerebral vasospasm upon admission. 
Recently, Kato et al. [60] demonstrated that inhibition of sympathetic activation by 
beta-adrenergic receptor antagonists reduces the levels of proinflammatory cyto-
kines in the cerebrospinal fluid in a rat model of SAH.

Usually, vasospasm is more pronounced on the side of the aneurysm and in 
the vessels carrying the aneurysm. All patients receive infusion therapy with the 
calcium channel blocker nimodipine (60 mg every 4 hours). As the degree and 
prevalence of vasospasm increases, the outcomes worsen, but this does not reach a 
significant degree, since the cause of fatal and unsatisfactory outcomes in patients 
with ICH is mainly the volume effect of hematoma, edema, and dislocation of 
the brain.

Prophylaxis of local cerebral ischemia and cerebral vasospasm following tempo-
rary occlusion of the afferent artery during surgical clipping cerebral aneurysm was 
proposed with short intervals of vessels occlusion in combination with intraopera-
tive intravenous administration of Inosine+Nicotinamide+Riboflavin+Succinic 
Acid ( 20,0 ml). Such tactics expands the tolerability to artery occlusion in patients 
operated in the “cold” period, reduces the possibility of neurological deficit, reduces 
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the recovery period and resuscitation bed-day after neurosurgery [61]. Outcomes in 
patients with IVH and ICH + IVH were also analyzed depending on the degree and 
prevalence of vasospasm [1]. According to the data of a number of authors, start-
ing from the second degree of widespread vasospasm, the share of unsatisfactory 
outcomes and mortality increases sharply [42].

According to the data available in the literature, angiospasm of the I and II 
degrees did not have a significant effect on the condition and outcome of the 
disease, but diffuse vasospasm was an independent factor aggravating both the 
condition and the outcome of the disease [1].

Angiospasm is often observed in patients with ICH and IVH due to the rupture 
of aneurysms. Taking into account the occurrence and increase of vessels construc-
tion, starting from 4 days after hemorrhage, early diagnosis of patients with SAH 
and hospitalization in specialized vascular neurosurgical centers will allow, along 
with the shutdown of the aneurysm from the bloodstream, also on the first–fourth 
day to sanitize the basal cisterns, which largely prevents the occurrence of vaso-
spasm. Conservative treatment with modern drugs is quite effective in patients with 
angiospasm of I and II degrees. Such an angiospasm has no significant effect on the 
condition of patients and the outcome of the disease.

Diffuse angiospasm of the III degree is an independent factor that worsens 
the outcome in patients with aneurysmal ICH and IVH, conservative treatment is 
ineffective in most cases, therefore, it requires more active treatment in the form of 
balloon angioplasty and intraarterial pharm angioplasty.

In the diagnosis of cerebral vasospasm of II–III degree and PSH syndrome in 
patients with SAH, conservative treatment is carried out:

Mild PSH syndrome (1–7 points) - pharmacotherapy—beta-blockers, phe-
nytoin, NSAIDs; physical methods-therapeutic hypothermia.

Moderate PSH syndrome (8–14 points) - pharmacotherapy—beta-blockers, 
phenytoin, alpha-2 adrenoagonist, NSAIDs; physical methods - therapeutic 
hypothermia.

Severe PSH syndrome (14–21 points) - neurovegetative stabilization (opioid 
analgesic, alpha-2 adrenoagonist, hypnotics); physical methods—therapeutic 
hypothermia (craniocerebral hypothermia).

The duration of therapy is determined individually, after a repeated assessment 
of the patient’s condition.

6.1 Neurovegetative stabilization

Neurovegetative stabilization in the intensive care program for cerebral vaso-
spasm and acute cerebral injury implies the creation of conditions for the absence 
of debilitating sympathicotonia and the implementation of long-term economical 
adaptation associated with the predominance of the parasympathetic tone of the 
autonomic nervous system. It includes intravenous administration of the opioid 
analgesic fentanyl 0.5–1 mcg/kg/h, alpha-2 adrenoagonists (clonidine 0.2–0.7 mcg/
kg/h or dexmedetomidine 0.2–0.5 mcg/kg/h), sodium thiopental 2–4 mg/kg/h [62].

6.2 Therapeutic hypothermia

Apply physical cooling methods to maintain normothermy—craniocerebral 
hypothermia, which consists in lowering the temperature of the scalp to 5–8°C with 
the help of helmets cooled by circulating fluid, to maintain the skin temperature 
at a constant level during the entire cooling session. The cooling duration is from 
12 hours to 7 days, with an increase in temperature after the cooling is stopped 
repeat the procedure, carry out until a stable normothermy is achieved, do not allow 
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the body temperature to drop below 35.5°C; it is permissible to use other cooling 
methods to maintain normothermy [63].

7. Conclusion

The understanding of the nature of cerebral vessels constriction is not clear 
thoroughly. To ensure adequate treatment, a rapid diagnostics of cerebral vessels 
constriction and its nature and cause is necessary. The development of secondary 
complications, a longer stay of the patients in the ICU, higher disability, and mortal-
ity are associated with cerebral vessels constriction. In our opinion, it is necessary 
to start treatment of cerebral vessels spasm of II–III degree and PSH syndrome 
in patients with SAH, aneurysmal ICH, and IVH after its verification as soon as 
possible. Specialized neurosurgical and neurological departments (ICU) allow for 
modern dynamic neurological and instrumental assessment and specific therapy 
and surgical intervention.
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Chapter 7

Thrombolysis in Acute Stroke
Mustafa Çetiner

Abstract

The first step in stroke care is early detection of stroke patients and recanalization 
of the occluded vessel. Rapid and effective revascularization is the cornerstone of 
acute ischemic stroke management. Intravenous thrombolysis is the only approved 
pharmacological reperfusion therapy for patients with acute ischemic stroke. 
Patient selection criteria based on patient characteristics, time, clinical findings and 
advanced neuroimaging techniques have positively affected treatment outcomes. 
Recent studies show that the presence of salvageable brain tissue can extend the 
treatment window for intravenous thrombolysis and that these patients can be 
treated safely. Recent evidence provides stronger support for another thrombolytic 
agent, tenecteplase, as an alternative to alteplase. Endovascular thrombectomy 
is not a contraindication for intravenous thrombolysis. Evidence shows that the 
bridging approach provides better clinical outcomes. It is seen that intravenous 
thrombolysis is beneficial in stroke patients, whose symptom onset is not known, 
after the presence of penumbra tissue is revealed by advanced neuroimaging tech-
niques. Reperfusion therapy with intravenous thrombolysis is beneficial in selected 
pregnant stroke patients. Pregnancy should not be an absolute contraindication for 
thrombolysis therapy. This chapter aims to review only the current evaluation of 
intravenous thrombolytic therapy, one of the reperfusion therapies applied in the 
acute phase of stroke.

Keywords: acute strokes, collateral flow, ischemic penumbra, thrombolysis, 
reperfusion

1. Introduction

Stroke is a very common global health problem causing mortality and long-
term disability [1]. It is a devastating disease and a significant economic burden on 
society [1–4]. It is an infarction of the central nervous system and approximately 
85% of all strokes are ischemic in nature [4, 5].

For this reason, stroke treatment has a narrow time frame in the acute process, 
and therefore is very important. Acute ischemic stroke (AIS) is defined by loss 
of neurological function as a result of arterial occlusion and sudden loss of blood 
flow in an area of the brain. It occurs as a result of thrombosis or embolism [6–8]. 
After the occlusion, infarct tissue forms in the center of the irrigation area of the 
vessel within minutes. In its periphery, there is a reversible ischemic area that can 
be saved by recanalization of the vessel called the penumbra, where cell death has 
not yet occurred thanks to the collateral flow. This blood flow is usually weak and 
can sustain the penumbral region only for a limited time. Unless recanalization is 
provided, the region is doomed to progress to infarction [9].

Purpose in the treatment of acute ischemic stroke is to recanalize the occluded 
vessel as soon as possible and to ensure reperfusion in this region without cell death, 
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because more irreversible cell damage occurs with each passing minute [10]. Collateral 
flow and reperfusion time are the most important factors affecting the outcome [9]. 
The emergence of effective pharmacological and endovascular reperfusion treatment 
strategies has revolutionized the treatment of stroke over the past two decades. Today, 
death and disability in stroke can be significantly reduced with intravenous thrombo-
lytic therapy (IVT) followed by endovascular recanalization treatments [11, 12].

2. Neuroimaging in acute stroke

Neuroimaging is essential for the diagnosis and treatment of stroke. Since 
whether the etiology of the patient presenting with the stroke clinic is ischemic or 
hemorrhagic origin cannot be distinguished, urgent brain imaging is needed. Non-
contrast brain computed tomography (NCCT) is recommended as soon as possible 
(ideally within 20 min) [8, 12].

CT is sufficient to decide on thrombolysis in acute strokes within 4.5 h after 
the onset of the symptom. It remains the only mandatory radiological examina-
tion before IVT [12, 13]. Noninvasive intracranial vascular imaging should also be 
performed in patients with suspected large vessel occlusion and who may require 
endovascular recanalization therapy, without delaying IV thrombolytic therapy 
[8, 13]. Diffusion-weighted imaging (DWI) can be used because it shows the infarct 
tissue most accurately. Stroke patients with large infarct volumes (>100 ml) at 
baseline are at increased risk of bleeding after reperfusion [7]. A study with uncer-
tain onset time reported a better functional improvement with IV thrombolytic 
therapy based on the discordance between diffusion and FLAIR-weighted magnetic 
resonance imaging (MRI) [14].

CT and MR perfusion have been used in recent studies to select patients who 
may benefit from treatments in stroke patients outside the typical time windows 
for reperfusion therapy (4.5 h for intravenous alteplase versus 6 h for endovascu-
lar therapy) [15–17]. Perfusion imaging is used to evaluate the amount and timing 
of blood flow to specific areas of the brain. It gives us information about the 
infarct area and penumbra. Thus, it contributes to better patient selection, higher 
rates of reperfusion therapy, and better functional results in more stroke patients 
[15, 16, 18]. Perfusion studies present various parameters such as cerebral blood 
volume and flow (CBV and CBF), mean transit time (MTT), and time to peak 
(Tmax). CBV indicates irreversibly damaged brain tissue while Tmax and MTT 
indicate hypoperfused tissue at risk of infarction [19–21]. These studies may also 
be helpful in distinguishing acute cerebrovascular events from common stroke 
mimics [22]. Therefore, further imaging is critical in identifying the patient 
profile that will benefit most from endovascular thrombectomy (EVT) and IVT. 
Today, CT and MR-based advanced imaging have become ideal acute stroke imag-
ing tools and have been considered the standard in many stroke centers around 
the world [13, 20, 23].

3. Acute reperfusion strategies

The main purpose of AIS treatment is to save brain tissue at risk for ischemia 
by recanalizing occluded cerebral arteries and providing reperfusion. IV throm-
bolysis and EVT have been proven to improve neurological outcomes. Now, the 
use of multimodal CT and MRI is going beyond the known therapeutic time 
window by applying individualized treatment to appropriate stroke patients 
[17, 18, 21, 22, 24].
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3.1 Alteplase

Recombinant human tissue plasminogen activator (r-tPA) converts plasmino-
gen to plasmin and cleaves the formed thrombus. IV alteplase has a half-life of 
less than 5 min and is cleared primarily by the liver [25]. In 1995, a study of The 
National Institute of Neurological Disorders and Stroke (NINDS) demonstrated 
the effectiveness of IV thrombolytic therapy in patients with acute ischemic stroke 
within 3 h after the symptom onset [26]. IV thrombolytic therapy has been shown 
to be beneficial among patients of different age groups, different types of ischemic 
stroke, and stroke severity [27]. Later studies extended the treatment window to 
4.5 h [28].

3.1.1 Efficiency

Results from major randomized trials of IV r-tPA (alteplase) for AIS showed a 
significant reduction in disability. The benefit from IV thrombolysis is much greater 
in the first 90 min from the onset of symptoms [9]. To achieve excellent functional 
outcome [modified Ranking Scale (mRS ≤ 1)], the number of patients required to be 
treated increases from 4.5 within the first 90 min to 15 between 3 and 4.5 h [29]. The 
diminished effect is related to the loss of salvaged penumbral tissue over time [10]. 
The susceptibility of thrombus to lysis may also decrease over time, which may reduce 
the effectiveness of treatment in late administration [30]. Recent evidence suggests 
that there may be patients with ongoing ischemic penumbra on perfusion imaging 
and that IV r-tPA may still be beneficial up to 9 h from the symptom onset [31].

3.1.2 Risks

The most feared complication of IV thrombolysis is symptomatic intracerebral 
hemorrhage (sICH). The current definition of sICH requires that the hemorrhage 
reach at least 30% of the infarct volume and cause a mass effect. Accordingly, data 
suggest that the risk of sICH is 1.7% [11, 32]. Intracerebral hemorrhage occurs 
mostly in the first 12 h. It is associated with age, diabetes, severe hyperglycemia, 
uncontrolled hypertension, and greater hypodensity at baseline CT scan, stroke 
severity, and concomitant antiplatelet therapy. Patients with cerebral microhemor-
rhage may also be at increased risk of sICH. When the patient is diagnosed with sICH 
after thrombolysis is made, blood pressure regulation should be established immedi-
ately. Cryoprecipitate should then be given until fibrinogen levels return to normal. 
Tranexamic acid or aminocaproic acid can also be used in therapy [9, 13, 33].

Orolingual angioedema occurs in approximately 1% of patients (5% if taking 
angiotensin converting enzyme inhibitors). Treatment includes diphenhydramine 
(50 mg IV), ranitidine (50 mg IV), and dexamethasone (10 mg IV) [9]. Icatibant 
(a bradykinin receptor antagonist) can be used in severe cases to avoid the need for 
intubation [34, 35].

Evidence-based current indications and contraindications of IV r-tPA in acute 
stroke are presented in Table 1 [9, 12].

3.2 Tenecteplase

Tenecteplase (TNK) is a newer thrombolytic agent with some pharmacological 
advantages over alteplase. It is infused faster and is cheaper. It is a variant of r-tPA 
with a longer half-life, higher affinity for fibrin, and administered as an IV bolus 
(0.4 mg/kg, maximum 40 mg dose) only once [36]. Randomized clinical trial 
results demonstrated that tenecteplase is safe and effective in stroke patients. It was 
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observed that it had higher reperfusion rates compared to alteplase in patients with 
large vessel occlusion [36, 37].

The NOR-TEST randomized trial evaluated the safety and efficacy of 0.4 mg/
kg tenecteplase (max. 40 mg) versus standard dose alteplase over a 4.5 h time 
frame. The rates of sICH and functional recovery in 3 months were similar in both 
groups [38].

In the EXTEND-IA TNK Part 2 study, it was reported that increasing the 
dose from 0.25 mg/kg to 0.40 mg in patients with large vessel occlusion before 
endovascular treatment was not an advantage [39]. In case of implementation of 
tenecteplase, since many patients are transferred between hospitals for treatment, a 
single bolus administration will facilitate the transport process and ensure that the 
full dose of the thrombolytic agent can be administered [37, 40].

Current guidelines indicate tenecteplase as an alternative to r-tPA only in patients 
with mild stroke [41]. A meta-analysis of five randomized studies (1585 patients (828 
TNK, 757 alteplase) provided strong evidence that TNK is noninferior to alteplase in 
functional improvement in the treatment of acute ischemic stroke. These findings 
provide stronger support for considering TNK as an alternative to alteplase [42].

3.3 Low-dose IV thrombolytic therapy

IV rtPA at standard dose (0.9 mg/kg−90 mg maximum dose) is effective in all 
stroke types [26, 43–45]. The most feared complication among clinicians is sICH [28]. 

Indications Contraindications

• Clinical diagnosis of ischemic stroke • Acute intracerebral, subarachnoid, subdural hemorrhage

• Age: 18 • Presence of extensive hypodensity in CT

• Time from the stroke onset? 4.5 h • Systolic blood pressure > 185 mm/Hg or diastolic blood 
pressure > 110 mm/Hg and uncontrolled hypertension

• Absence of bleeding on entry CT scan • Thrombocytopenia (<100.000/mm3)

• Wake-up stroke with diffusion-weighted 
imaging-FLAIR mismatch on MRI

• INR > 1.7, aPTT >40 s

• Gastrointestinal bleeding in the last 3 weeks

• Cranial/spinal surgery in the last 3 months

• Cranial/spinal trauma in the past 3 months

• Ischemic stroke in the last 3 months

• History of intracranial bleeding

• Active internal bleeding

• Bleeding diathesis

• Aortic dissection

• Infective endocarditis

• Intracranial intraaxial tumor

• Use of NOAC (non-vitamin K antagonist oral anti-
coagulant) in the last 48 h

• Low-molecular-weight heparin full treatment dose within 
previous 24 h

CT: computed brain tomography.

Table 1. 
Indications and contraindications for the use of alteplase in acute ischemic stroke.
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 Therefore, low-dose thrombolysis applications have come to the fore. In the 
non-randomized Japanese Alteplase Clinical Trial (J-ACT) [46], in which 0.6 mg/
kg (maximum 60 mg) r-tPA therapy was administered to patients in the first 3 h 
of acute ischemic stroke, compared to the standard dose, equivalent clinical results 
and a reduced risk of sICH were found. After J-ACT and other reports in Japan [47, 48], 
the use of 0.6 mg/kg alteplase as a treatment regimen in acute ischemic stroke was 
approved by the Japanese Pharmaceuticals Safety Authority [49].

Also, in a comprehensive meta-analysis study, it was reported that low-dose rtPA 
is effective and more reliable, and low-dose tPA is recommended in patients with 
acute ischemic stroke [50]. However, in another randomized study (3310 patients), 
comparing these two doses on mostly Asian patients, although the risk of symptom-
atic intracerebral hemorrhage in the low dose group decreased from 2–1%, low-dose 
thrombolytic therapy could not be shown to be effective [51].

In a retrospective study of 1486 patients by Zhao et al., there was no significant 
difference in rates of good clinical outcome between the low-dose and standard-
dose groups (36.1% vs. 37.6%; p = 0.89). However, the incidence of sICH in the 
low-dose group was significantly lower than in the standard-dose group (2.2% vs. 
5.9%. p = 0.001). The results showed that low-dose thrombolysis was safer in acute 
stroke [52].

In a meta-analysis that included retrospective, prospective, observational, and 
randomized controlled trials, the low-dose strategy was also found to be as effective 
as standard-dose tPA (good functional outcome: 43.4% vs. 45.4%; p = 0.38). There 
was also no significant difference between the rates of sICH (4.2% vs. 4.9%; p = 0.94). 
This meta-analysis study also showed that AIS patients receiving low-dose IV-rtPA had 
similar efficacy and safety compared to those receiving standard-dose IV-rtPA [53].

In the treatment of acute ischemic stroke, the licensed dose for alteplase in Japan 
is 0.6 mg/kg, and in all treatment guidelines except Japan, it is recommended that 
10% is bolused, followed by the remaining 90%, with a total dose of 0.9 mg/kg 
(maximum 90 mg), to be administered as an infusion in 1 h [40].

3.4  Combination of intravenous thrombolytic therapy and endovascular 
treatment

EVT has become the standard treatment for patients with acute ischemic 
stroke caused by major vessel occlusions. EVT therapy is not a contraindication 
for IV thrombolysis. IVT prior to endovascular therapy can rapidly recanalize the 
occluded vessel, thus eliminating the need for EVT and shortening the ischemia 
time. Moreover, even if it does not dissolve the thrombus, it alters the clot struc-
ture, making it more susceptible to endovascular removal of the thrombus. The 
newly embolized thrombi in the distal vessels that may occur at the end of the EVT 
procedure generally cannot be accessed by mechanical thrombectomy. IVT can also 
successfully resolve these thrombi. However, IVT application before EVT may cause 
adverse effects. Initiation of endovascular therapy may be delayed if the time taken 
to initiate IVT is not done in parallel with the steps required to initiate EVT. IVT 
causes partial disintegration of the thrombus, resulting in distal emboli. Access to 
these areas may not be possible with endovascular intervention. Thus, it can turn 
a treatable thrombus into an incurable condition. In addition, the combined use of 
EVT and IVT causes increased treatment costs [54].

In observational and meta-analysis studies, it has been reported that the bridg-
ing treatment approach provides better clinical results [55–57].

Recent evidence contributes to the fact that EVT alone is non-inferior to the 
functional outcomes achieved with combined IVT + EVT for patients with large 
vessel occlusion with acute stroke [58, 59].
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Currently, bridging therapy is recommended in large vessel occlusions with 
anterior circulation in current guidelines. However, this should not delay the initia-
tion of endovascular treatment [41, 60].

4. Special situations

Evidence is insufficient to determine the treatment approach in some specific 
clinical situations. Until definitive data are available, individual factors should be 
considered in the approach to these patients and clinical experience should be taken 
into account.

4.1  Intravenous thrombolysis in patients with acute ischemic stroke with 
unknown onset time

Wake-up stroke (WUS) is a stroke whose exact onset time is unknown. They 
constitute 20% of all ischemic strokes. Patients with acute ischemic stroke whose 
neurological deficit is recognized upon awakening and whose onset is unknown 
pose a particular challenge for the clinician. Until recently, WUS was considered a 
contraindication to reperfusion therapy due to its unknown onset time and intrace-
rebral hemorrhage that may be associated with thrombolytic therapy. The clinical 
efficacy of reperfusion therapy in selected patients with WUS was displayed by 
demonstrating the presence of salvageable brain tissue in advanced brain imaging 
[61]. Also, in a recent meta-analysis study (77,398 patients), stroke patients with 
unknown symptom onset were proven to be safely and effectively treated with 
IV-tPA guided by imaging evaluation [62]. In the WAKE-UP randomized study, IV 
thrombolytic therapy was administered to acute stroke patients. In these patients, 
onset time was unknown, and it was based on the discrepancy between diffusion 
and FLAIR-weighted MRI in the ischemia region. The treatment group showed 
a better functional recovery at 90 days compared to the placebo [14]. The use of 
WAKE-UP study criteria (DWI—FLAIR mismatch) to select patients in symptom-
atic strokes for intravenous alteplase treatment was recommended as class IIa in the 
2019 AHA/ASA guidelines [12]. ESO IVT guidelines also advocate thrombolytic 
therapy in patients with DWI/FLAIR mismatch in recovery strokes [63].

In the EXTEND randomized trial, it was shown that if there is evidence of sal-
vageable brain tissue that has not yet been transformed into infarct, with perfusion 
imaging between 4.5 h and 9.0 h (within 9 h from the midpoint of sleep on wake-up 
stroke) from the last time the patients were seen well, the treatment window could 
be expanded andbetter functional results were obtained than the standard treat-
ment. Symptomatic intracerebral hemorrhage rates were similar to patients who 
received IV thrombolytic therapy in the classical time window [17].

The THAWS study evaluated whether low-dose alteplase 0.6 mg/kg was effec-
tive and safe for stroke of unknown onset. There was no difference in functional 
outcomes when compared with the placebo group [64].

In another randomized trial (ECASS-4), administering intravenous alteplase to 
patients selected with advanced brain imaging following 4.5–9 h after the onset of 
symptoms did not provide a significant benefit over the placebo [65].

For WUS patients and the ones with unknown symptom onset, IV thrombolysis 
is beneficial only after the presence of penumbra tissue is revealed by advanced 
neuroimaging techniques. Patients with small infarct core and large penumbra 
tissue are selected prior to IV thrombolysis application. It has been reported that IV 
thrombolytic therapy in these patients provides a decrease in infarct volume and 
better functional results without an increase in bleeding risk in recovery strokes [66]. 
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However, imaging-based late thrombolytic treatment recommendations are not com-
monly at the level of guideline [60].

A summary of imaging-based IV thrombolysis studies in wake-up strokes 
beyond the therapeutic window and strokes of unknown symptom onset is pre-
sented in Table 2.

An 84-year-old male patient with a wake-up stroke, whose symptoms were 
noticed 5 h after his last known well-being, had NIHSS:20. Significant penumbra 
was detected as a result of MRI-based multimodal imaging. Clinical and advanced 
imaging findings for IV thrombolysis therapy meet the patient selection criteria in 
the WAKE-UP and EXTEND studies. In the 6th hour of the clinic IV, thrombolysis 
was started and successful recanalization was achieved (Figure 1).

4.2 Stroke in pregnancy

The incidence of stroke in pregnancy is about 9–34 per 100,000 deliveries. 
Strokes are three times more common in pregnant women than in non-pregnant 
individuals aged 15–44 [67, 68]. Causes of pregnancy-related stroke include 
pregnancy-specific causes such as preeclampsia/eclampsia, postpartum angiopathy, 
amniotic fluid embolism and postpartum cardiomyopathy, and other causes like 
hypertension, diabetes, vasculitis, arteriovenous malformations or aneurysms [69].

4.2.1 Brain imaging in pregnancy stroke

MRI should be the first-line imaging modality of choice in pregnancy as it does 
not expose the pregnant woman to radiation. Up to 3 tesla MRI has no harmful 
effects on the fetus [70].

Access to CT is easier. Therefore, it is also preferred during pregnancy in acute 
neurological conditions. The fetal radiation dose on non-contrast CT is approxi-
mately 5% of the naturally occurring radiation dose during a pregnancy (on aver-
age, this is 0.5–1.0 mGy) [68]. Studies report that a dose of fetal radiation less than 
0.1 Gy (100 mGy) has no risk of adverse effect in humans [68, 71]. The radiation 
effect on the fetus will be minimized by using a 0.5 mm thick lead apron during the 
shooting [68].

Clinical trial Patients, (n) Imaging modality Time window (h) sICH Outcome

ECASS-4 119 MRI/MRP ischemic 
core <70 ml, PWI lesion 

minimum volume of 20 ml

4.5–9 1.6% No significant 
difference between 

functional outcomes

WAKE-UP 503 DWI-positive FLAIR 
negative

Unknown time of 
symptom onset

2% 90 day mRS < 2 
alteplase 53.3%; 
placebo 41.8%; 

p = 0.02

EXTEND 225 MRI/MRP CT/CTP 
ischemic core <70 ml and 
mismatch volume > 10 ml

4.5–9 6.2% 90 day mRS < 2; 
alteplase 35.4%; 
placebo 29.5%; 

p = 0.04

THAWS 131 DWI-positive FLAIR 
negative

4.5–12 1.4% 90 day mRS < 2; 
alteplase 47%; placebo 

48%; p = 0.89

CT: computed brain tomography, CTP: CT perfusion, DWI: diffusion-weighted imaging, MRI: magnetic resonance 
imaging, MRP: MR perfusion, sICH: symptomatic intracerebral hemorrhage.

Table 2. 
Summary of randomized controlled trials of late (beyond 4.5 h) IV thrombolysis.
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4.2.2 Thrombolysis in pregnancy

Alteplase and tenecteplase, in animal studies, are large molecules that do not 
cross the placenta and are not teratogenic at stroke treatment doses [72]. There are 
no randomized controlled trials of the treatment of acute stroke with thrombolysis 
or mechanical thrombectomy to guide decision-making in the pregnant population 
[72–74]. Successful reperfusion with IV thrombolysis and good clinical results were 
reported in pregnant acute stroke patients in case series. With the help of advanced 
neuroimaging techniques, Erin et al. also reported good clinical outcome with suc-
cessful reperfusion with IV rt-PA in a pregnant patient with acute ischemic stroke 
outside the therapeutic window (>4.5/<9 h) [75].

According to the (AHA/ASA) guidelines, treatment of acute ischemic stroke 
with intravenous alteplase during pregnancy is recommended when the expected 
benefit of treatment for moderate to severe stroke outweighs (class IIb) [41].

The dose of IV thrombolysis for a pregnant patient with acute stroke should be 
calculated considering the pre-pregnancy or early pregnancy weight. Close moni-
toring of the pregnant patient during IV thrombolysis is important because of the 
risk of placental abruption. Blood pressure should be closely monitored during IV 
thrombolysis. During pregnancy, it is recommended to maintain it between 140 and 

Figure 1. 
(A) Hyperintensity in the right lentiform nucleus on diffusion MRI (black circle). (B) The infarct does not 
appear to be reflected in Flair MRI. (C) Left MCA M1 segment is occluded in CTA (red arrow). (D) In MR 
perfusion imaging calculated with RAPID automatic software program, infarct volume: 5 ml, Tmax > 6 s, 
volume (critical hypoperfused area): 140 ml, mismatch volume: 135 ml. Mismatch ratio: 28. (E) Left MCA 
was recanalized after IV thrombolysis (Istinye University Liv Hospital Neurology Clinic Archive-Istanbul/
Turkey).
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160/90–110 mmHg during tPA therapy. Intravenous nicardipine and labetalol are 
recommended agents for BP control [76].

Reperfusion therapy with IV thrombolysis in acute stroke in pregnant women 
remains controversial, but pregnancy should not be a contraindication for mechani-
cal thrombectomy and tPA therapy in selected patients.

4.3 Thrombolysis In posterior circulation stroke

IVT is the standard treatment for both anterior circulation ischemic strokes 
(ACIS) and posterior circulation ischemic strokes (PCIS) [77, 78]. In PCIS, the rate of 
intravenous thrombolysis administered is between 5% and 19% [77]. Basilar artery 
occlusion (BAO) is a devastating disease causing high mortality and serious disability. 
Even among patients treated with reperfusion strategies, mortality is high [79, 80]. 
Therefore, clinicians consider that these patients should be treated with aggressive 
treatment approaches and go beyond the reperfusion treatment window [79, 81].

The rate of sICH in PCIs after IVT is between 0 and 6.9%. Good functional 
outcome is reported in 38–49% (mRS 0–1) of the patients with PCIS. Better clinical 
outcomes are seen more often in patients with PCIS than the ones with ACIS. There 
is no significant difference between mortality rates. Results from retrospective clini-
cal studies and case series report that IVT is safer for use in PCIS than ACIS [81].

5. Conclusion

AIS is a medical emergency where every minute counts. Rapid recanalization of 
the clogged vessel is the most effective treatment. IV thrombolysis is effective and 
safe in suitable candidates. IV thrombolysis is one of the two reperfusion strategies 
in acute stroke. Unless there is an absolute contraindication, eligible patients with 
acute stroke should be treated with IV r-tPA. Even in severe strokes, reperfusion 
can improve neurological dysfunction and enable patients to live independently. In 
studies, the time from stroke onset to treatment time is critical, although advanced 
neuroimaging techniques identify patients who will benefit most from intravenous 
thrombolysis and enable stroke patients whose onset time cannot be determined 
to be treated with intravenous thrombolysis. From this perspective, more efforts 
should be made to ensure that more patients reach treatment faster. Much bet-
ter clinical results can be achieved with the continuous education of the society 
and stroke personnel, the rapid assessment of patients with a multidisciplinary 
approach in the emergency department, early recognition of stroke patients, and 
the best management of in-hospital and out-of-hospital stroke algorithms. The 
expansion of mobile stroke units, experienced clinicians and stroke centers will 
contribute to this issue.
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Chapter 8

Infarct Stroke and Blood 
Glucose Associated with Food 
Consumption in Indonesia
Santi Martini, Hermina Novida and Kuntoro

Abstract

Stroke is the primary cause of death in adults. It is predicted that the death 
caused by stroke will increase twice in the next 30 years. In Indonesia, stroke is one 
of the diseases of the circulatory system, which has been taking the first place of 
causing death since 2007. Indonesia has rice as the main type of daily food con-
sumed, which has higher glycemic index than other sources. This study aims to find 
the risk of blood glucose level that determines the incidence of infarct stroke. There 
were 164 patients enrolled in this study, 82 patients in each stroke and not stroke 
group. The blood examination is using the enzymatic method, which is the hexoki-
nase method. The results of research revealed that indicators of high blood glucose 
level were found in infract stroke incidence, including casual blood glucose, fasting 
blood glucose, 2-h postprandial blood glucose, and glycated hemoglobin. These 
four indicators were found in a higher level in the infarct stroke than the non-stroke 
group. Other epidemiological studies have shown that diabetes is a risk factor for 
stroke. Therefore, education about food selection should be a priority in the effort 
to prevent infarct stroke and diabetes mellitus in Indonesia.

Keywords: infarct stroke, cerebrovascular disease, blood glucose, diabetes,  
tobacco use, Indonesia

1. Introduction

Stroke was previously assumed to occur in developed countries only, as the third 
leading cause of death and is responsible for 5.5 million deaths every year [1, 2]. 
However, it is actually uncommon to be found in Southeast Asian countries [3–5] or 
other countries with low and middle income [6].

Stroke is the primary cause of death and disability in the world, whose cost 
needed for post-stroke treatment and care is quite pricey. In 2016, stroke was the 
second leading cause of death globally (5.5 million deaths) after ischemic heart 
disease [2]. In South Asian countries including India, Pakistan, and Bangladesh, as 
well as developing countries in Southeast Asia, such as Cambodia, Indonesia, Laos, 
and Malaysia, the stroke incidence is increasing. However, since these developing 
countries do not have inadequate health facilities, the mortality rate caused by this 
disease is high and the number of persons with disabilities caused by this disease 
also increases [3, 7–9].

Stroke is the leading cause of death in adults. The death caused by stroke is predicted 
to increase twice in the next 30 years [10]. A previous research project carried out by 
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Carandang (2006) discovered that approximately 62% of all stroke cases were athero-
thrombotic infarcts [11]. Meanwhile, according to Puthenpurakal [12] about 85% of 
stroke cases are ischemic stroke or infarct stroke, while the remaining (15%) are hem-
orrhagic stroke. Global data issued in 2016 also gave similar results, in which 84.4% of 
stroke incidence were ischemic stroke [2]. Stroke with ischemic health diseases (IHD) 
was the leading cause of deaths attributable to tobacco use as a risk factor [13].

According to Basic Health Research (RISKESDAS) that was conducted in 
Indonesia in 2007, it was revealed that stroke was the leading cause of death by 
15.4% [14]. In the age group of 45 to 54 years old, stroke is the leading cause of 
death in urban areas and in men. Meanwhile, in the age group of 55 to 64 years old, 
this disease is the leading cause of death in both urban and rural areas as well as in 
both male and female [14]. Martini et al. [15] revealed that 76% of stroke incidence 
in a hospital that has been a tertiary referral in the last 10 years was ischemic stroke 
or infarct stroke. Furthermore, there was also an increase of stroke incidence in 
2013 compared to 2007, which was 12.1 and 8.3% [14, 16]. Meanwhile, the stroke 
incidence in 2018 was 10.9 per mile [17].

Previous study carried out by Pinto et al. showed that hypertension was commonly 
found in lacunar infarct stroke and large artery atherosclerosis in diabetic patients 
[18]. Therefore, it indicates that hypertension is a co-factor that determines lacunar 
stroke in diabetic patients. This is in accordance with the statement made by Harry 
Keen three decades ago that both high blood glucose level and high blood pressure 
damage blood vessels, especially the small blood vessels (microvascular). Meanwhile, 
research conducted by Kisella et al. [19] claimed that hypertension comorbidity was 
not a significant risk factor for the stroke infarct incidence in African Americans 
(OR = 1.3 95% confidence interval [CI]: 0.9–1.7), yet it was a significant risk factor for 
the infarct stroke incidence in Caucasian people (OR = 1.6, 95% CI: 1.4–1.9). About 
35–42% of all infarct stroke incidences in both African Americans and Caucasians 
are related to diabetes alone or in combination between diabetes and hypertension. 
The risk of stroke in hypertension was 1.46 (95% CI: 1.07–1.99) as the sole risk factor 
[20]. Hypertension is the most common risk factor found in Asia 1 [3, 4, 21, 22]. Data 
from one of the community-based surveys in Indonesia, which is Sleman Health and 
Demographic Surveillance System (HDSS) in 2016, found a high prevalence of stroke 
that was related to the increasing age, hypertension, and diabetes mellitus [9].

When diabetes mellitus (DM) is the sole factor, then DM also increases the risk 
of infarct stroke [23, 24]. Furthermore, the risk of infarct stroke is 2.5 (95% CI: 
2.0–3.2) in all types of DM. According to the type of diabetes mellitus, the risk of 
infarct stroke is 7.9 times (95% CI: 5.1–12.2) in DM type 1 and 3.0 times (95% CI: 
2.6–3.4) in DM type 2. Meanwhile, based on the duration of suffering from DM 
type 2, infarct stroke risk increases by 1.7 times when the duration of illness is less 
than 5 years and 3.2 times when the duration of illness is within 10–14 years [25]. 
Diabetes patients have a higher risk ([OR] 1.33, 95% CI: 1.18–1.5) of suffering from 
ischemic stroke than hemorrhagic stroke (OR 0.72, 95% CI: 0.6–0.877). In addition, 
the combination of infarct stroke and DM affects younger people more than infarct 
stroke without DM. The risk of infarct stroke is more common in white DM patients 
[26]. According to research conducted by Kaarisalo et al. [27], infarct stroke has 
a tendency to occur more frequently in people with impaired glucose tolerance 
(GTG) than in people with normal blood glucose levels, although the difference was 
not significant [28]. In addition, several studies have estimated that approximately 
20–33% of hospitalized patients with acute stroke have diabetes [29, 30]. This is 
strengthened by the results of the research conducted at General Hospital of Haji 
Adam Malik Medan Indonesia that diabetes had a relationship with the prevalence 
of stroke (p < 0.05). The risk of stroke was 1.34 times higher in diabetes than those 
without diabetes [30].
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Stroke can occur in all age groups but mostly occurs at the age above 55 years 
old; thus, age is a strong determinant of infarct stroke incidence [9, 31–33]. Many 
factors cause stroke. An individual may have more than one risk factor, whether the 
risk factor is a risk factor that is supported by strong evidence (level of evidence A) 
or less strong evidence (level of evidence C), or whether these risk factors can be 
modified or cannot be modified, or whether these risk factors are controlled or not.

High blood glucose level can cause complications on blood vessels such as 
microangiopathy (eye, kidney, and nerve disorders) and macroangiopathy (stroke 
and heart problems). If the blood glucose is excessive, then glucose will bind to 
proteins, including blood vessel wall cells. These bonds will damage the structure 
and function of blood vessels. The damage or complications that occur cannot be 
reversed and the process can only be stopped or slowed down [34]. Furthermore, 
hyperglycemia increases oxidative stress, which causes pathological processes in 
diabetic complications. Overproduction of reactive oxygen species (ROS) induced 
by hyperglycemia will activate five pathogenic pathways that contribute to endo-
thelial dysfunction and diabetes complications, and those are (1) polyol pathway; 
(2) the increase of formation of advanced glycation end products (AGEs); (3) the 
increase of receptor expression for AGEs; (4) activation of protein kinase C iso-
forms; and (5) over-activity of the hexamine pathway. Vasculopathy that is induced 
by chronic hyperglycemia also results in accelerated atherosclerosis in diabetes. 
Therefore, a higher prevalence and incidence of cardiovascular disease including 
stroke are common in the diabetic patients [35, 36]. Improper diabetes control also 
increases the short- and long-term morbidity and mortality associated with stroke 
and significantly increases the recurrent risk of stroke [35].

Based on the doctor diagnosis, the prevalence of diabetes in Indonesia popula-
tion has increased from 2007 to 2018. This can be seen from the results of Basic 
Health Research (RISKESDAS) [16], which increased from 1.5% in 2007 to 2.0% in 
2018. Such condition shows that serious problems still occur related to unresolved 
diabetes. Meanwhile, the prevalence based on the age increased from 2007 to 2018. 
In this case, the age category was divided into seven groups and the highest preva-
lence was shown by the age group of above 55 years old and this figure was related 
to insulin resistance.

Age is a risk factor for diabetes [37]. Based on the results of the research afore-
said, the older age group suffers from DM more. The increasing prevalence of DM 
that includes metabolic diseases at the old age can be directly related to the aging 
process or indirectly through several other DM risk factors such as central obesity, 
mitochondrial dysfunction, FFA and lipid metabolism disorders, inflammation, 
cell dysfunction, insulin resistance, and metabolic syndrome (Figure 1) [38]. The 
purpose of this study is to find the factor that increases the risk of infarct stroke 
related to the blood glucose level of Indonesian people.

Figure 1. 
Prevalence of diabetes mellitus among people age 15 years old and over in Indonesia.
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2. Food consumption in Indonesia

Indonesia is the third largest sugar consumer in Asia after India and China. 
Indonesian people consumption of sugar is slightly higher (5%) than the total 
energy and when combined with the sugar contained in beverages such as soft 
drinks, the content will be even higher [39].

Basic Health Research (RISKESDAS) that was conducted in 2018 showed that 
there were 40.1 and 60.27% of Indonesian people at the age of above 3 years old 
who consumed sweet foods and beverages once a day [40]. Meanwhile, previous 
research in 2007 and 2013 found that the consumption of sweet foods was still quite 
high, although it decreased from 65.2 to 53.1%.

In this case, children at the age group of 3–9 years old have the highest percent-
age (above 50%) of consuming sweet foods once a day. Furthermore, about 98.4% 
of Indonesian teenagers at the age of 13–18 years old consumed nutritious foods 
including fruits and vegetables insufficiently (<400 g/day) [41]. The prevalence 
of overweight in Indonesia is the highest among adults by 8% of men and 29% 
of women suffering from central obesity [42]. Therefore, concern needs to be 
provided to the quality of community diet needs and energy adequacy, especially 
among teenagers and children who need nutritional intake in the growth process.

Basic Health Research (RISKESDAS) in 2007, 2013, and 2018 was conducted con-
cerning the food consumption pattern of Indonesian people as presented in Figure 2. 
The prevalence of sweet foods and drinks consumption once a day was 65.2% in 2007, 
which then decreased to 53.1% in 2013. Furthermore, the consumption of sweet food 
for once a day also decreased to 40.1% in 2018, yet the consumption of sweet bever-
ages once a day increased to 61.27%. In addition, the consumption of soft drinks or 
carbonated drinks was 2.2% (Figure 3) [14, 16, 17, 40].

Several other studies have also revealed that Indonesian adults insufficiently 
consumed protein, fruits, and vegetables, but consumed fast food and sodium 
excessively [41]. Another study that has been conducted in Central Java, Indonesia, 
also showed that dietary patterns were associated with increased consumption of soft 
drinks, snacks, and various animal products [43]. Another study was further con-
ducted in Jakarta showing that the daily food consumption of the observed popula-
tion reached 1868–2334 g/capita/day. The total intake of added sugar in the different 
groups of respondents ranged between 34.9 and 45.9 g/capita/day, with the highest 
values observed in school-age boys. Total salt intake ranged from 5.46 to 7.43 g/cap-
ita/day, while fat intake reached 49.0–65.1 g/capita/day. One of the main food sources 
that contribute to salt and fat intake is street food and fast-food restaurants [44].

Figure 2. 
The percentage of population aged 10 years and older to consume unhealthy food ≥1 per day in Indonesia in 
2007 and 2013.
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3. Data and analysis

The population involved is those who suffered from infarct stroke and were 
treated at RSUD Dr. Soetomo. The population source was hospital-based because, to 
obtain data on stroke incidence, it must be based on a doctor’s diagnosis, not based 
on the results of interviews. Case samples were infarct stroke incidences, which 
were taken by consecutive sampling from the case population with several inclusion 
criteria, including (1) aged 40 years and above, (2) male and female, (3) normal 
consciousness (GCS 4 5 6), and (4) willing to participate in the research (proven 
by informed consent). Meanwhile, the exclusion criteria were (1) having family 
comorbidity of stroke, (2) previous heart disease (proven by being hospitalized 
with a diagnosis of heart disease), and (3) aphasia. Furthermore, the sampling was 
carried out in the Neurology Inpatient Ward of RSUD Dr. Soetomo in Surabaya, 
Indonesia.

Based on the calculation, there were 79 samples obtained from each group. In 
this research, there were 82 samples for each group; thus, there were 164 samples 
involved. Data collection was carried out through several stages. The first stage 
is conducting direct examination of research subjects to obtain a diagnosis of 
infarct stroke (based on clinical signs, symptoms, and CT scan images) when the 
respondent arrived at the hospital. Second stage is examining the blood sugar, by 
collecting venous blood through taking 3 μl of serum added by 200 μl of reagent 1 
and 200 μl of reagent 2, then incubated for 10 minutes, and read at wavelengths of 
600 and 505 nm. The examination method used is the enzymatic method, which is 
the hexokinase method. This method was chosen because it has good precision and 
accuracy and is a referential method [45]. Casual blood sugar and HBA1C examina-
tions were carried out no later than 24 h after the respondents entered the nervous 
room [46]. After that, the respondents were required to fast for at least 10 h to 
check the fasting blood sugar in the next day. Then, respondents were asked to eat 
rice (the menu provided by the hospital) and 2 h after eating, and their blood was 

Figure 3. 
Unhealthy food consumption based on Basic Health Research (RISKESDAS) 2007, 2013, and 2018.
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taken for blood sugar examination 2-h postprandial for cases. During the controls, 
casual blood sugar and HBA1C tests were carried out before the interview, and then, 
respondents were asked to fast for at least 10 h before having their blood drawn the 
next day for fasting blood sugar checks. After the blood was taken, respondents 
were asked to eat rice, side dishes, and drink sweet tea equivalent to 600 to 650 
calories. The respondents’ blood was then taken again 2 h after eating for blood 
sugar examination 2-h postprandial. The examination results were categorized 
according to the American Diabetes Association (ADA) criteria and percentiles based 
on the average of these examination results.

This research employed a research instrument in the form of a questionnaire to 
obtain data on age, gender, blood sugar, medical history, which is diabetes mellitus. 
A computerized (CT) scan of the head was further conducted as the gold standard 
to determine the diagnosis of infarct stroke and to check serum sugar and choles-
terol levels using the Hitachi 912 autoanalyzer.

4. Results and discussion

4.1 Results

4.1.1 Casual blood glucose according to infarct stroke status

The results showed that the average casual blood glucose (CBG) was 148.57 mg/
dl with the lowest CBG level was 66 mg/dl and the highest CBG was 535 mg/dl. 
Based on the Kolmogorov–Smirnov normality test, p-value obtained was 0.000 
indicating that the distribution of CBG data did not show a normal distribution. 
Therefore, CBG was classified according to the percentile method as follows:

Group I: CBG < 87 mg/dl
Group II: CBG 87 to 224 mg/dl
Group III: CBG > 224 mg/dl
The mean value of CBG in the infarct stroke was 186 mg/dl with a standard 

deviation of 14 mg/dl. Meanwhile, the mean value of CBG in the non-stroke group 
was 111 mg/dl with a standard deviation of 65 mg/dl.

This casual blood glucose (CBG) was categorized based on the American 
Diabetes Association (ADA) 2010 criteria [46]. The percentile method is shown in 
Table 1. Based on Table 1, there were only 4.9% of respondents who had CBG of 
87 mg/dl in the infarct stroke group. Meanwhile, in the non-stroke group, almost 
30% of respondents had CBG of 87 mg/dl. Furthermore, according to the criteria 
of percentile method, there were 28% of respondents who had CBG 224 mg/dl in 
the infarct stroke group and 4.9% of respondents with CBG 224 mg/dl in the non-
stroke group. Furthermore, according to the ADA criteria, almost 50% of infarct 
stroke incidence had CBG levels of 140 mg/dl and above. On the other hand, 90.3% 
of non-stroke incidences had CBG level of less than 140 mg/dl.

4.1.2 Fasting blood glucose based on infarct stroke status

Fasting blood glucose (FBG) was categorized based on American Diabetes 
Association (ADA) 2010 criteria and percentile method as presented in Table 2. The 
fasting blood glucose (FBG) variable had an average fasting blood glucose level 
(FBG) of 114.07 mg/dl with the lowest fasting blood glucose level was 65 mm Hg, 
while the highest fasting blood glucose was 329 mg/dl. Based on the Kolmogorov–
Smirnov normality test, the p-value obtained was 0.000, indicating that the 
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distribution of GDP data did not show a normal distribution. Therefore, FBG was 
classified according to the percentile method as follows:

Groups I: FBG < 80 mg/dl
Groups II: FBG 80 to 159 mg/dl
Groups III: FBG > 159 mg/dl
The average fasting blood glucose (FBG) in the infarct stroke group was 134 mg/

dl with a standard deviation of 54 mg/dl, while in the non-stroke group it was 
94 mg/dl with a standard deviation of 33 mg/dl.

According to ADA 2010 criteria, in the stroke-infarction group, there were 
40.2% of respondents had a FBG level of 126 mg/dl or more, 14.6% of respondents 
had a FBG of 110 to 125 mg/dl, and 45.1% of respondents had a FBG 110 mg/
dl. Meanwhile, in the non-stroke group, most respondents (86.6%) had a FBG 

Disease Casual blood glucose Number Percentage

Infarct stroke

ADA criteria <140 mg/dl
140–199 mg/dl
> = 200 mg/dl

42
13
27

51.2
15.9
32.9

Percentile method <87 mg/dl
87–224 mg/dl
>224 mg/dl

4
55
23

4.9
67.1
28.0

Not stroke

ADA criteria <140 mg/dl
140–199 mg/dl
> = 200 mg/dl

74
2
6

90.3
2.4
7.3

Percentile method <87 mg/dl
87–224 mg/dl
>224 mg/dl

24
54
4

29.3
65.9
4.9

Table 1. 
Distribution of casual blood glucose (CBG) of the respondents based on the infarct stroke status according to 
the American Diabetes Association (ADA) 2010 criteria and percentile method.

Disease Fasting blood glucose Number Percentage

Infarct stroke

ADA criteria <110 mg/dl
110–125 mg/dl
> = 126 mg/dl

37
12
33

45.1
14.6
40.2

Percentile method <80 mg/dl
80–159 mg/dl

>159 mg/dl

4
54
24

4.9
65.9
29.3

Not stroke

ADA criteria <110 mg/dl
110–125 mg/dl
> = 126 mg/dl

71
5
6

86.6
6.1
7.3

Percentile method <80 mg/dl
80–159 mg/dl

>159 mg/dl

19
61
2

23.2
74.4
2.4

Table 2. 
Fasting blood glucose (FBG) of the respondents based on the infarct stroke status according to the American 
Diabetes Association (ADA) 2010 criteria and percentile method.
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of 110 mg/dl and only 7.3% of respondents had a FBG of 126 mg/dl or more. 
Furthermore, according to the percentile method, in terms of the infarct group, 
29.3% of respondents had a FBG level of 159 mg/dl and only 4.9% of respondents 
had a FBG level of 80 mg/dl, while the remaining (65.9%) had a FBG level of 80 to 
159 mg/dl. Meanwhile, in the non-stroke group, as many as 23.2% of respondents 
had a FBG of 80 mg/dl, only 2.4% had a FBG of more than 159 mg/dl, and 74.4% of 
the respondents had a FBG of 80 to 159 mg/dl.

4.1.3 Blood glucose of 2-h postprandial according to the infarct stroke status

The mean value of blood glucose of 2-h postprandial (BG2PP) was 144.32 mg/
dl with the lowest blood glucose levels of 2-h postprandial was 68 mg/dl, while 
the highest was 483 mg/dl. Based on the Kolmogorov–Smirnov normality test, the 
p-value obtained was 0.000 indicating that the distribution of BG2PP data did 
not show a normal distribution. Therefore, BG2PP was classified according to the 
percentile method as follows:

Group I: BG2PP < 94 mg/dl
Group II: BG2PP 94 to 207 mg/dl
Group III: BG2PP > 207 mg/dl
The mean blood glucose of 2-h postprandial (BG2PP) in the infarct stroke group 

was 165 mg/dl with a standard deviation of 70 mg/dl, while in the non-stroke group 
was 124 mg/dl with a standard deviation of 62 mg/dl.

The blood glucose of 2-h postprandial (BG2PP) was categorized based on the 
American Diabetes Association (ADA) criteria 2010 and the percentile method as 
presented in Table 3.

According to the ADA criteria 2010, in terms of infarct stroke, there were 28% 
of respondents who had a BG2PP level of 200 mg/dl or more, 18.3% of respondents 
had a BG2PP level of 140 to 200 mg/dl, and 53.7% of respondents had a BG2PP level 
of 140 mg/dl. On the other hand, in terms of the non-stroke group, most of the 
respondents (84.1%) had a BG2PP level of 140 mg/dl and only 7.3% of respondents 
had a BG2PP level of 200 mg/dl or more. Meanwhile, according to the percentile 
method in the stroke-infarction group, there were 62.2% of respondents which 

Disease Blood glucose of 2 hours post-prandial Number Percentage

Infarct stroke

ADA criteria <140 mg/dl
140–199 mg/dl
> = 200 mg/dl

44
15
23

53.7
18.3
28.0

Percentile method <94 mg/dl
94–207 mg/dl

>207 mg/dl

11
51
20

13.4
62.2
24.4

Not stroke

ADA criteria <140 mg/dl
140–199 mg/dl
> = 200 mg/dl

69
7
6

84.1
8.5
7.3

Percentile method <94 mg/dl
94–207 mg/dl

>207 mg/dl

21
55
6

25.6
67.1
7.3

Table 3. 
Blood glucose of 2 hours post-prandial (BG2PP) of the respondents based on the infarct stroke status according 
to the American Diabetes Association (ADA) 2010 criteria and percentile method.
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had a BG2PP level of 94–207 mg/dl and 24.4% of respondents with BG2PP level of 
207 mg/dl. Meanwhile, in the non-stroke group, there were 25.6% of respondents, 
which had a BG2PP level of 94 mg/dl, 67.1% of respondents had 94 to 207 mg/dl, 
and only 7.3% of respondents had a BG2PP level of more than 207 mg/dl.

4.1.4 Hemoglobin glycated (HBA1c) according to the infarct stroke status

Variable of glycated hemoglobin (HBA1C) level obtained the mean value of 
6.37%. The lowest HBA1C level was 3.5%, while the highest was 11.6%. Based on the 
Kolmogorov–Smirnov normality test, the p = value obtained was 0.011, indicating 
that the HBA1C data distribution did not show a normal distribution. Therefore, 
HBA1C was classified according to the percentile method as follows:

Group I: HBA1C < 6.1%
Group II: HBA1C ≥ 6.1%
The mean value of HBA1C level in the stroke infarct group was 7.07% with a 

standard deviation of 1.40%. Meanwhile, the mean value in the non-stroke group 
was 5.74% with a standard deviation of 0.97%. Furthermore, the HBA1C levels were 
categorized according to the American Diabetes Association (ADA) criteria 2010 
and the percentile method as described in Table 4.

According to the ADA criteria 2010, in the infarct stroke group, there were 67.1% 
of respondents who had HBA1C level of 6% or more, while the remaining obtained 
HBA1C level less than 6%. On the other hand, in the non-stroke group, most (64.6%) 
of the respondents obtained HBA1C level of less than 6%, while 35.4% respondents 
had HBA1C level of 6% or more.

According to the percentile method, in the infarct stroke group, there were 
63.4% of respondents who had HBA1C level of 6.1% or more, while the remaining 
36.6% of respondents had HBA1C level of less than 6.1%. On the other hand, in the 
non-stroke group, there were 67.1% of respondents who had HBA1C level of less 
than 6.1%, while the remaining 32.9% of respondents had HBA1C level of 6.1% 
or more.

4.2 Discussion

Based on the results that have been described above, it was discovered that the 
variable of blood glucose in the stroke infarct group was higher than the non-stroke 
group’s. The mean value of casual blood glucose (CBG) in the infarct stroke group 

Disease HBA1C level Number Percentage

Infarct stroke

ADA criteria < 6.0%
> = 6.0%

27
55

32.9
67.1

Percentile method < 6.1%
> = 6.1%

30
52

36.6
63.4

Not Stroke

ADA criteria < 6.0%
> = 6.0%

53
29

64.6
35.4

Percentile method < 6.1%
> = 6.1%

55
27

67.1
32.9

Table 4. 
Hemoglobin glycated (HBA1C) level of the respondents based on the infarct stroke status according to the 
American Diabetes Association (ADA) 2010 criteria and percentile method.
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was 186 mg/dl, while the mean value of CBG in the non-stroke group was 111 mg/
dl. Meanwhile, the fasting blood glucose (FBG) level in the infarct stroke group 
was 134 mg/dl, while in the non-stroke group it was 94 mg/dl. Furthermore, the 
blood sugar of 2-h postprandial (BG2PP) in the infarct stroke group was 165 mg/dl, 
while in the non-stroke group it was 124 mg/dl. These results supported the results 
of previous research conducted by Berger et al. [47] in which the FBG level in the 
stroke group was higher than in the non-stroke group, which was 106.1 mg/dl and 
101.1 mg/dl, respectively.

Furthermore, another previous research project carried out by Boden-Albala 
et al. [48] revealed that the increase of FBG levels caused the risk of ischemic 
stroke also increased by 2.7 (95% CI: 2.0–3.8). In addition, it was reported that 
FBG level of 126 mg/dl to less than 150 mg/dl had a 5.1 (95%CI: 2.8–9.3) risk of 
ischemic stroke, while if the FBG level is 150 mg/dl, it had a risk of 3.3 (95%CI: 
2.2–4.8).

Blood glucose level examination is an examination carried out to determine a 
definite diagnosis of diabetes mellitus. If the American Diabetes Association (ADA) 
2010 criteria were used to determine the diagnosis of diabetes mellitus, the blood 
sugar level of 2-h post-prandial obtained that 28% of respondents have diabetes 
mellitus. This percentage figure is higher than the figure obtained from the research 
performed by O’Donnel et al. [49], in which 21% of ischemic stroke cases had 
diabetes mellitus. The results of this study are in accordance with previous studies 
that diabetes mellitus is a factor that increases the risk of ischemic stroke with a risk 
of 2.2 (95% CI: 1.9–2.6) [28] and a high risk of 1.78 (95% CI: 1.32–2.42) [50] while 
based on the gender, it was 2.27 (95% CI: 2.24–2.29) for men and 2.15 (95% CI: 
2.13–2.17) for women [50, 51].

Other epidemiological studies have shown that diabetes is a risk factor for either 
ischemic stroke or infarct stroke or hemorrhagic stroke [30]. For example, findings 
from the Emerging Risk Factors Collaboration showed that the hazard ratio (HR) 
with diabetes was 2.27 (95% CI: 1.95–2.65) for ischemic stroke or infarct stroke, 
1.56 (95% CI: 1.19–2.05) for hemorrhagic stroke, and 1.84 (95% CI: 1.59–2.13) for 
unclassified stroke [28, 52]. A cohort study was conducted in Taiwan, obtaining 
that the stroke incidence with and without diabetes was 10.1 and 4.5 per 1000 
person-year, respectively. During the follow-up, diabetic patients had an increased 
risk of stroke (adjusted hazard ratio 1.75; 95%CI: 1.64–1.86) than those without 
diabetes. The relationship between diabetes and stroke risk was significant in both 
genders and all age groups [22].

In the glycated hemoglobin variable (HBA1C), the average HBA1C in the infarct 
stroke group was higher than the non-stroke group, which was 7.07 and 5.74%, 
respectively. Elevated glycated hemoglobin (HBA1C) was an independent predictor 
of cardiovascular disease with a risk of 1.06 (95%CI: 1.02–1.11) [53]. In addition, 
the high HBA1C level (>10.7%) was strongly related to stroke [47]. Diabetes is the 
most important risk factor for ischemic stroke either with diabetes mellitus alone or 
in combination between diabetes mellitus and hypertension [22, 29, 54]. Another 
study showed that the ischemic stroke group had significantly higher HBA1C levels 
(5.9 ± 2.9% vs. 5.5 ± 1.6%) compared with the control group, while HBA1C was a 
significant determinant of stroke (p < 0.05). HBA1C was also significantly higher in 
the diabetic group compared with the non-diabetic (7.6 ± 2.1 vs. 6.1 ± 2.3) (p < 0.05) 
(7.6 ± 2.1 vs. 6.1 ± 2.3) (p < 0.05) [55].

In the current research, the blood glucose variable is a variable, which is strongly 
related to the incidence of infarct stroke because the highest consumption of car-
bohydrates in Indonesia is rice (1433 kcal/person/day), corn (228 kcal/person/day), 
and cassava (161 kcal/person/day) based on data from FAO. Based on the glycemic 
index, rice and corn have a high glycemic index (GI), which is more than 85 [56]. 
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This causes a large glucose load on the body causing a relative insulin deficiency. 
As a result, not all glucose can be converted into glycogen, resulting in excessive 
glucose in the blood, causing hyperglycemia.

Blood glucose level is a valid indicator of the risk of infarct stroke. This is proven 
when blood sugar variable consisting of casual blood sugar, fasting blood sugar, 
blood sugar of 2-h postprandial, and HBA1C were analyzed together with the other 
variables (multivariable analysis). It was revealed that the four variables of blood 
sugar level showed the greatest validity coefficients based on confirmatory factor 
analysis, as shown in Table 5.

5. Conclusion

In Indonesia, it was revealed that stroke was the leading cause of death by 15.4% 
in 2007. A study conducted in the tertiary hospital revealed that 76% of stroke 
incidence in the last 10 years was ischemic stroke or infarct stroke. Another study 
showed that high prevalence of stroke was related to the increasing age, hyperten-
sion, and diabetes mellitus. The risk of stroke was 1.34 times higher in diabetes than 
those without diabetes.

In the current research, the blood glucose variable is a variable that is 
strongly related to the incidence of infarct stroke associated with the highest 
consumption of carbohydrates such as rice that is consumed three times a day 
in Indonesia, whereas it has a high glycemic index compared with other carbo-
hydrate sources, as well, due to the lifestyle of the Indonesian people who like 
to eat sweet foods and drink sweet beverages. Therefore, education about food 
selection should be a priority in the effort to prevent infarct stroke and diabetes 
mellitus in Indonesia.

Efforts to prevent diabetes mellitus and infarct stroke should be considered 
since there is an emergence of COVID-19 disease, which has a worsening course 
and high fatality rate in people with comorbidities such as diabetes mellitus 
and stroke.

Variable Validity Reliability

coefficient p-value coefficient p-value

Cigarette smoke exposure 0.16 0.05 0.97 0.00

History of hypertension 0.27 0.00 0.93 0.00

History of diabetes 0.73 0.00 0.46 0.00

History of hiperurisemia 0.17 0.00 0.97 0.00

Systolic blood pressure 0.50 0.00 0.75 0.00

Diastolic blood pressure 0.46 0.00 0.79 0.00

Casual blood glucose 0.93 0.00 0.13 0.00

Fasting blood glucose 0.97 0.00 0.05 0.00

Two hours post-prandial blood glucose 0.93 0.00 0.14 0.00

HBA1C 0.70 0.00 0.52 0.00

Total cholesterol 0.20 0.02 0.96 0.00

HDL cholesterol 0.17 0.04 0.97 0.00

Table 5. 
The coefficient of validity (λ), reliability (δ) and t-value of each variable compromising the infarct stroke risk 
index (IRSI) of type a on the final stage of confirmatory factor analysis.
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Chapter 9

Aging Associated Specificity 
in Training Visual Short-Term 
Memory
Olga Razumnikova and Vladislav Kagan

Abstract

There are numerous data in existence, the computerized cognitive training 
programs (CCTP) maintain or improve the plasticity of the neural networks in the 
brain. It is known as well that CCTP reduces the probability of cognitive dysfunc-
tions associated with aging. In the chapter, the age-associated specificity in the 
temporal dynamics of changes in the visuospatial short-term memory (VSWM, 
also called visuospatial working memory) is presented. VSWM has been analyzed 
as there are evidence for age-related decline in visuospatial memory associated 
with hippocampus atrophy in aging. Memory retrieval decline in older women in 
comparison with young women while computerized training at home is shown. The 
elderly achieving results which are comparable to the youngs are determined by 
significantly increased duration while performing the memory tasks. To reveal  
factors of the CCTP’s efficiency, age-related differences in the attention systems 
using the Attention Network Test were resolved. In the group of older women, 
VSWM efficiency is negatively related to the errors of incongruent information 
selection whereas in young women—to the reaction time while testing. Thus, 
the success of long-term systematic training of visuospatial memory in old age is 
strongly related to the high level of executive control.

Keywords: age, visuospatial short-term working memory, memory training, 
executive control

1. Introduction

The growing part of seniors in population into economically developed countries 
is associated with a risk of cognitive dysfunctions and brain ischemia due to cardio-
vascular disease (CVD) that has prompted numerous studies on the mechanisms of 
brain aging. Age-induced structural and functional changes in the brain including 
neuronal death, loss of synapses, and dysfunction of neuronal networks relate to 
such cognitive changes as a decline in the speed of mental activity, inhibitory pro-
cesses, and short-term memory, including visuospatial short-term memory [1–6].

Aging is a complicated process that has a broad impact on human being in all 
countries. Aging has some unwelcome consequences to result such as the appear-
ance of neurodegenerative processes and age-related atherosclerotic vascular 
disruptions which are cause cognitive deficits in elder age [7, 8].

However, there are several important modulating factors that do a preservation 
impact on cognitive functions in late ontogenesis, which are—education, occupational 
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cognitive activity, locomotor activity, and eating habits. These factors and other 
conditions in the developmental context are build up compensatory brain resources 
that form through the lifespan of a person [9, 10]. Aging is a complicated process of the 
human being. It has some unwelcome consequences to result, such as the appearance 
of neurodegenerative processes and age-related atherosclerotic vascular disruptions 
which cause a cognitive deficit in elder age.

A meta-analysis of studies that goals investigation of the forces and trends of 
cognitive functions, related to various periods of the ontogenesis, shows—there 
is significant variability of these processes. Consequently, the conclusion of the 
meta-analysis point to the necessity of further studies aimed to clarify which 
factors stimulate or prevent cognitive deficits, and what is their weight [10]. The 
noted variability is due to the fact that almost every age effect is a multicomponent 
phenomenon, sensitive to the peculiarities of the tasks, the research context, and 
motivation when doing CCTPs.

Moreover, almost every cognitive task can be performed on the basis of different 
individual strategies. This means that they are differently associated with aging and 
include different neural mechanisms for its implementation. Thus, because of the 
multifactoriality of the research subject, it is difficult to generalize and compare the 
effects in the studied age groups.

The hypotheses about the role of the plasticity of functional neural networks 
and lifelong learning in the formation and maintenance of cognitive reserves are 
widely known. Armed with those ideas, researchers develop CCTP or/and brain 
training games (BTG). And there are numerous studies of their effect on the 
preservation of mental health and the prevention of dementia and other cognitive 
impairments [11–16]. Despite the positive effect described by different authors 
according to the indicators of motor response and functions of attention and 
memory [11, 15, 17, 18], accompanied by structural changes with an increase in the 
mass of gray and white matter of the brain and the reorganization of its functional 
activity [19, 20], the question remains about the long-term beneficial effect of 
CCTP. In addition, further researches are warranted to determine the expansion of 
cognitive-training-related effects to the general state of cognitive activity neces-
sary for daily adaptation [20, 21]. Some researchers to increase the probability of 
this expansion propose to pay attention to the personalization of a CCTP, and to 
increase efficiency—to perform the training not individually, but in groups [11]. 
However, according to another point of view, exactly individualized computerized 
cognitive training may enhance cognitive self-efficacy in healthy seniors [22].

There are also results showing a positive effect of BTG on cognitive function 
only in a group of healthy subjects [23]. It should also be noted that some authors 
point out that different computerized brain training programs work in different 
ways. The plasticity-based cognitive training programs have a positive effect on 
cognitive ability, while the computer game training program, which also involves 
cognitive functions, does not [24].

A meta-analysis reported promising effects of both working memory train-
ing and executive functioning training on cognitive functioning in healthy adults 
aged 60 years and older [25]; albeit, the findings have been contested [26]. A 
recent analysis of publications on CCTP failed to provide evidence of a significant 
improvement in cognitive function after computerized cognitive training interven-
tions lasting at least 12 weeks on cognitive function in cognitively healthy people 
[27]. The authors note that further research is required, possibly longer training, to 
achieve a sustainable CCTP outcome.

Indeed, 10-year cognitive training data for older people living in the commune 
show improvements in their cognitive functions not only as a result of subjective 
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assessment, but also in psychometric measurements of reasoning ability or reaction 
rate, but not memory [18]. It should be noted that there is a lack of scientific evi-
dence for the effectiveness of cognitive training, and perceptions of its benefits are 
driven by the commercialization of this industry (see e.g., Harrell et al. [28]). Such 
conflicting points of view require clarification of the reasons for this discrepancy.

There are evidence for age-related atrophy in several brain regions, more often 
including the hippocampus and prefrontal cortex [29, 30]. The findings suggest 
that age-related decline in memory can be linked to encoding processes as well as to 
general cognitive-control operations.

One of the well-known theories to explain the cognitive deficit associated with 
aging is the theory of “frontal aging” [31, 32], according to which its main cause is 
the weakening of inhibitory functions during the selection of incongruent informa-
tion and executive control of problem-solving choice and behavior in general. It 
was shown that older adults are able to improve inhibition performance through 
practice [33], and repetition learning is effective in enhancing VSWM in aging 
and acts through modifications at different stages of stimulus processing [34]. 
There is evidence for greater interference on a visuospatial compared with a verbal 
span task (see also Park et al. [35]). The task requires the participant to remember 
the presented particular blocks. It is believed to involve a number of components 
important to VSWM—encoding of visual stimuli, maintenance of that information, 
and memory retrieval. Some studies have already shown that encoding strategies 
are modified by aging, notably self-initiated strategies [36].

Considering the above-mentioned diversity in opinions regarding the effective-
ness of cognitive training, the purpose of our study was to elucidate the age-related 
characteristics of the temporal dynamics of VSWM and to determine the value of 
executive control of behavior when testing VSWM.

2. Materials and methods

2.1 Design

Prospective, single-center, single-arm, nonrandomized study conducted at 
students/listeners of the Novosibirsk State Technical University (NSTU).

2.2 Participants

For investigation of differences in the time dynamics of the effectiveness of 
VSWM training in dependency of age, we recruited two groups of volunteers. The 
first group—the elderly—contained 65 women of retirement age (66.3 ± 8.5 years) 
who studied instruction of the Public Faculty of NSTU. This group had designated 
as GrE1. The second group—the youngs—contained 94 female students of NSTU’s 
psychology chair (20.1 ± 1.7 years). This group had designated as GrY1.

At the second stage was performed the analysis of the relationship between 
VSWM and executive control of behavior in the ANT model. These 56 women 
formed a group designated as GrE2.

The reason for the female composition of the studied groups consisted in the 
overwhelming majority of the students-retirees (98%) of the Public Faculty are 
women. Therefore, for comparison VSWM, the group of young participants in 
the study was also formed only of girls. Moreover, as cerebrovascular accidents 
were more frequent in women [37], assessing the possibilities of activating their 
cognitive reserves through VSWM training seems to be practically useful.
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2.3 Procedures

For the VSWM, the workout was used a computerized version of the modified 
“Visual Patterns test” [38]. The program shows a series of randomly generated 
spatial patterns of blue squares (Figure 1A). The presentation of spatial patterns 
produces in a 6 × 6 matrix. The minimum number of stimuli was 3, the maximum 
was 13. The pattern of stimuli was displayed for 2 seconds and then disappeared.

According to the instruction, after disappearing the blue-colored spatial pattern, 
a subject tries to reproduce this pattern by clicking on the unfilled matrix.

The correctly clicked cells turn green (Figure 1B), while the wrong clicked cells 
become red. In case when the reproducing of a pattern is out of time, the whole trial 
regards as incorrect (Figure 1C). In this case, a trial repeats with the pattern of the 
same number of the blue squares (re-located randomly). The total allowed number 
of incorrect trials in the one session is limited to 5.

If a trial of reproducing a pattern was successful (i.e., all cells turned green 
from the first try without any mishits) it regards as correct. In this case, a subject is 
moved to the next pattern with the increased number of blue squares by 1.

The experimental session overs in two conditions:

1. The number of blue squares in pattern reaches the pre-set maximum [13];

2. A subject reaches the limit of the allowed incorrect trials [5].

One whole session contains 11 trials with 88 blue squares in total.
Each participant was requested to complete 5 sessions of visuospatial memory 

testing.
The experimental procedure was supported by web-based software that we 

specially developed. It is available for authorized access at http://psytest.nstu.ru/
tests/23/.

An example stimuli presentation to testing the visuospatial working memory 
(a screenshot from the software that was used in the training):

The efficiency of memory was determined in the percentage of the maximum 
possible stimuli retrieval—100% reflected the correct reproduction of 88 stimuli 
presented in 11 trials (using one session).

Instructions for training memory at home were given to students in practical 
classes in psychology. Students of the Public Faculty—received the instructions in a 
lecture on the psychophysiology of brain aging, followed by the practice of test-
ing memory in a computer class. Participants were asked to further systematically 

Figure 1. 
Randomly generated spatial pattern—A; correctly clicked cells and correct trial—B; incorrect trial—C.
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perform the task in order to achieve 80–100% efficiency of VSWM reproduction. 
The results of all sessions were saved to a database on the university server.

To estimate the function of the executive system of attention was used a com-
puterized method, developed as part of the approach to assessing attention systems 
(Attention Network Test, ANT) [39] (programmer A.M.Suslov, A.S. 2012617379 
dated 16.08.2012). The index of the functiotn of the executive attention system 
(RTex) was calculated as the difference in response time to the central arrow in the 
situation of selection of congruent (RTc) (Figure 2A) and incongruent (RTnc) 
(Figure 2B) stimuli. The number of errors in response to congruent and incongru-
ent stimuli (Nc and Nnc, respectively) was also recorded.

The software package StatSoft Statistica 13.3.1 Ru AXA805I391121ARCN5-S was 
used for statistical data processing.

3. Results

3.1  Age differences in visuospatial short-term memory and time dynamic 
during training

A one-way ANOVA (AGE factor) was used to analyze the effectiveness of 
memory recall in the first testing session. A significant effect of the AGE factor was 
found: F (1, 157) = 53.13, p = 0.00000, η2 = 0.25, due to lower values of reproduc-
tion in GrE1 compared to GrY1 (50.1 ± 2.0 and 68.7 ± 1.6, respectively). Table 1 
shows the distribution of VSWM efficiency in the first test depending on age, from 
which it follows that in GrE1 only 16.9% demonstrated retrieval better than 60%, 
while in GrY1 61.6%. The training criterion in GrY1 already at the first testing 
reached 28.7%, while in GrE1—only 1.5% (1 person).

The observed decrease in VSWM efficiency in GrE1 compared to GrY1 is 
consistent with data from other studies of age-related differences in visual-spatial 
memory [4, 40–43].

The trajectory of the intensity of memory training in two age groups is shown 
in Figure 3—after the first five sessions, the number of participants in training 
from GrE1 systematically increases compared to GrY1. Analysis of the dynam-
ics of memory retrieval in the first five sessions showed significant effects of the 
AGE and SESSION factors (F (1, 88) = 34.41; p < 0.00001, η2 = 0.31 and F (3, 
264) = 11.44; p < 0.00000, η2 = 0.13, respectively), due to lower memory indices 
in GrE1 compared to GrY1 (54.0 ± 2.2 and 71.1 ± 1.9) and a similar dynamics in 
the groups of increase in indices in the 4th and 5th sessions compared to the 1st 

Figure 2. 
Stimuli for determining the functions of the executive attention system: A—Congruent, B—Incongruent.

Group Retrieval (%)

20–30 30–40 40–50 50–60 60–70 70–80 80–90 90–100

GrE1 3,1 15,4 40,0 24,6 12,3 3,1 0,0 1,5

GrY1 1,1 4,3 7,4 25,5 22,3 10,6 11,7 17,0

Table 1. 
The effectiveness of VSWM retrieval in the groups of elderly (GrE1) and young (GrY1) women.
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Figure 3. 
Change in the number (%) of young (dotted line) and elderly (solid line) participants in memory training 
depending on the session number (x-axis).

Figure 4. 
The efficiency of memory reproduction in groups of young (dotted line) and elderly (solid line) participants in 
memory training, depending on the session number (x-axis).

(0.00000 < p < 0.000002 with post hoc analysis of the SESSION effect with 
Bonferroni correction).

Up to 30 training sessions in GrE1 were performed by 18.5% of the study 
participants, and in GrY1—only 5.3%. However, this small part of GrY1 achieved 
an improvement in VSWM retrieval, while GrE1 failed to achieve the criterion 
required according to the instructions (Figure 4).

The observed decrease in the number of participants in cognitive training in GrE1 
is similar to that obtained in the course of the Finnish geriatric study aimed at prevent-
ing cognitive impairment [44]. Despite the positive effect of long-term training, only 
a small part of GrE1 achieved it. Therefore, we should agree with the conclusion that 
home workouts without external control of their implementation are not effective 
enough [45] for those people who do not have high self-control over their activities.

Five people from GrE1 continued their memory training for over 3 months. The 
effect of improving their memory in session 87 according to the Wilcoxon criterion 
was significantly higher than in the first one (p = 0.04) (Figure 5), and the average 
value of reproduction reached the proposed criterion of 80%.

Thus, the internal motivation for starting memory training is insufficient to 
achieve its effectiveness in GrE1, since most of its participants stop performing 
the task after only five trials, without achieving the required effect of improv-
ing memory. Persistence in VSWM training manifested by a small part of GrE1 
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indicates the possibility of achieving a positive effect only when more than 80 
sessions are implemented within 3 months, while in GrY1 seven sessions are enough 
to increase the effectiveness of VSWM.

The effectiveness of performing VSWM tasks is associated with the influence 
of practice and interference processes, each of which has an age specificity, and 
the combination of a higher learning rate with more pronounced interference in 
young people than in old age can determine the individual effectiveness of cognitive 
training [43, 46].

Several factors are also known to support long-term cognitive training. These 
include the possession of high behavior control, intrinsic motivation to achieve a 
goal, and interest in the performed activity, including due to the awareness of the 
development of cognitive deficits [22, 28, 47]. Previously, it was shown that when 
assessing motivational inducers of behavior, older women single out cognitive 
training as a priority in maintaining their health; however, only 8% of this group 
actually consistently participated in cognitive training using a battery of computer-
ized techniques [48]. Consequently, the different age dynamics of memory training 
noted by us can be associated with the dominance of the learning potential in GrY1 
and motivation to perform the task in GrE1.

It is believed that aging is associated with the effect of increased costs of cogni-
tive interaction and increased effort required to achieve a high level of task perfor-
mance [49, 50]. Therefore, older people become more selective and economical in 
the use of cognitive resources, which is reflected in a decrease in intrinsic motiva-
tion to participate in predictably complex cognitive activities. Apparently, there-
fore, the lack of visible success after the first training sessions causes them to refuse 
further activities. Individualized cognitive training with feedback that reinforces 
subjective assessments of change can help to improve cognitive self-esteem in older 
adults [22], and success can help to reduce perceptions of difficulties and become 
more willing to participate in cognitive activities [50].

It has been shown that the effectiveness of cognitive training can be increased 
due to involvement in activities and increased motivation through learning cogni-
tive control using play procedures or nonplay learning [51]. Improving visual 
memory is possible through the application of a strategy for controlling attention 
and directing it to target memory components [40].

In this regard, the next stage of our study was devoted to elucidating the rela-
tionship between VSWM and executive attention control.

Figure 5. 
Memory recall efficiency in the long-term training group during the first test and in the 87th session.
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3.2  Role of executive control in the efficiency of the visuospatial short-term 
memory

This stage of the research was devoted to the analysis of the relationship between 
VSWM and executive control of behavior in the ANT model.

VSWM assessment was carried out according to the method described in clause 
3.1 above.

The indicators of attention and memory in the studied groups are shown in 
Table 2. According to the intergroup comparison, all indicators differed signifi-
cantly—GrE2 was characterized by lower memory values, but a large number of 
errors and a longer reaction time when testing executive control of attention.

By the correlation analysis of the ratio of VSWM and attention indices in each 
group a negative relationship was found between the VSWM efficiency with Nnc in 
GrE2 (r = − 0.31, p < 0.02) and with RTnc (r = − 0.35, p < 0.01) in GrY2.

Consequently, in GrE2, the memorization efficiency is associated with the 
control of the accuracy of information selection, and in GrY2, with the information 
selection rate.

The relationship between executive control and working memory, including 
VSWM, is well known [52–54], but continues to attract the interest of researchers 
since their age-related changes determine preservation of intellectual abilities and 
quality of life during aging [55]. According to the results of tomographic studies, 
cortical thinning of the right anterior cingulate and middle frontal gyri showed 
progression from mild cognitive impairment (MCI) to Alzheimer’s disease (AD) 
[52]. Since these brain structures are associated with such WM functions as the 
selection of information relevant for memorization and inhibition of irrelevant 
information, tracking executive function performance can be a useful tool to assess 
an individual’s cognitive abilities in older adults as well as a strong predictor of 
progression from MCI to AD. In this regard, executive attention control training is 
included in complex multimodal cognitive training programs for patients with MCI 
[56]. Our data are consistent with these views, indicating a positive relationship 
between the effectiveness of the executive functions of attention and VSWM. It is 
noteworthy that if in GrY2 a high speed of information selection is required for suc-
cessful reproduction of VSWM, then in GrE2 the predominant role is played by the 
selection accuracy with inhibition of irrelevant stimuli. Consequently, regardless of 
the general slowdown in the rate of cognitive processes characteristic of old age  
[5, 6, 37, 57], such a reorganization of information selection is possible, in particular, 
through the strategy of redistribution of directed attention [40] or modifications at 
different stages of stimulus processing [34], which provides an effective VSWM.

Thus, according to the results of the second part of the study, the preservation 
of executive control of attention should be recognized as a necessary condition for 
successful long-term VSWM training in GrE1.

Group VSWM ANT

Nc Nnc RTc RTnc RTex

GrE2 67.9 ± 7.4*** 0.3 ± 0.5* 3.5 ± 4.3*** 841 ± 159*** 952 ± 157*** 111 ± 56**

GrY2 82.5 ± 7.6 0.1 ± 0.3 1.5 ± 2.3 541 ± 77 634 ± 90 93 ± 42

*<0.05.
**<0.01.
***<0.001.

Table 2. 
Indicators of attention and memory in the elderly group (GrE2) and young group (GrY2).



163

Aging Associated Specificity in Training Visual Short-Term Memory
DOI: http://dx.doi.org/10.5772/intechopen.101669

Author details

Olga Razumnikova* and Vladislav Kagan
Novosibirsk State Technical University, Novosibirsk, Russia

*Address all correspondence to: razoum@mail.ru

4. Conclusion

The results obtained in our study show that despite the initially lower VSWM 
indicators in older women than in younger women, long-term (more than 
3 months) training allows you to achieve a result comparable to that of young 
women; and because of that to achieve effectiveness in cognitive training in the 
elderly internal control of behavior is crucial.

Indeed, according to the results of the experiment to determine the ratio of 
VSWM and psychometric assessment of the functions of executive attention, the 
relationship between VSWM and exactitude processing of information selection in 
the elderly group is established.

Therefore, achieving an improvement in VSWM in old age requires persistence 
and a prolonged training period, which is provided by executive control of cogni-
tive activity. The success of cognitive training at home for the individual execution 
of computerized programs is possible in the presence of internal motivation and 
high executive control of behavior.

Hence, memory decline as a consequence of cerebrovascular disease can be com-
pensated by cognitive training and psychological support of insufficiently effective 
initially obtained results. Such support is natively possible in group of cognitive 
training programs at neurorehabilitation centers. Also, such a psychological sup-
port can be realized in computerized training programs in the form of feedback to 
emotional reinforcement. Especially when the current result are not satisfied and 
motivation for continue training are insufficient.
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Abstract

The long-term complications of stroke interfere with function, and the level of 
disability varies based on the type of stroke, location, and the extent of damage. 
Rehabilitation services are important in the recovery of stroke patients, but not 
all survivors have access to the services especially in low resourced settings where 
accessibility and economic challenges are the major barriers. Inadequate fulfilment 
of stroke survivors’ rehabilitation needs contribute to poor functional outcomes 
and slow recovery. The objectives of this chapter is therefore to give an overview 
of stroke and stroke rehabilitation with specific emphasis on occupational therapy, 
discuss the activities and areas of participation considered important by stroke 
patients, stroke patients’ needs and perceived fulfilment of these needs in order to 
provide targeted interventions. Data to inform the chapter is based on research done 
in a low resource setting. The perceived important activities and participation areas, 
and the needs of stroke patients are discussed in light of literature on the subject 
and findings from the studies done in Zimbabwe.

Keywords: stroke, rehabilitation, occupational therapy, activities, functional 
outcomes, participation areas, stroke survivor needs, ICF

1. Introduction

1.1 Overview of stroke

Stroke is an insult to the brain tissue caused by a sudden interruption to the 
blood supply to the brain [1]. Sacco et al. gave an elaborate definition of stroke 
as a neurological deficit attributed to an acute focal injury of the central nervous 
system (CNS) by a vascular cause, including cerebral infarction, intra-cerebral 
haemorrhage (ICH), and subarachnoid haemorrhage (SAH) [2]. Stroke is highly 
prevalent and a second major cause of death and disability worldwide [2–4]. Stroke 
is a leading cause of dementia and depression. It can be classified on the basis of its 
aetiology as either ischaemic (87%) or haemorrhagic (13%) [5]. Ischaemic stroke 
results from occlusion of a cerebral artery which can be thrombotic or atheroscle-
rotic (50%), embolic (25%) and micro-artery occlusion (lacunar stroke or infarcts) 
(25%) [5]. Haemorrhagic stroke is caused mainly by spontaneous rupture of blood 
vessels or aneurysms or secondary to trauma [5]. Early definitions of stroke and 
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transient ischemic attack (TIA) focused on the duration of symptoms and signs. 
However, Sacco et al. [2], noted that use of clinical observations and modern brain 
imaging showed that the duration and reversibility of brain ischemia is variable. 
Brain tissue that is deprived of needed nutrients can, in some patients, survive 
without permanent injury for a considerable period of time, that is, several hours or 
even, rarely, days, while in most other individuals, irreversible damage (infarction) 
occurs quickly [2].

There has been a rise in the prevalence of stroke related disability in many 
countries [6]. A rise in the incidence of stroke in Zimbabwe from 31/100,000 to 
57/100,000 in a decade was reported with fatality rates ranging from 22 to 58% at 
one month following stroke reported in Zimbabwe and other African studies [7].

The risk factors for stroke are generally similar to those for coronary heart 
diseases and other vascular diseases [4]. High blood pressure is one of the leading 
primary and secondary modifiable risk factors [5]. The other risk factors for stroke 
include smoking, low physical activity levels, unhealthy diet, abdominal obesity, 
diabetes and excessive consumption of alcohol [4]. Effective prevention strate-
gies should include targeting the key modifiable risk factors such as hypertension, 
elevated lipids and diabetes.

Clinical manifestations of each stroke differ based on the part and side of the 
brain affected, extent of the lesion and the person’s general health. Some of the 
effects of stroke include numbness, weakness or paralysis on one side of the body 
opposite the side of the brain affected, slurred speech, difficulty thinking of 
words or understanding other people, confusion, sudden blurred vision or sight 
loss, being unsteady on your feet and severe headache [8]. Concerning the stroke 
warning signs, numbness on one side was surprisingly identified as the common-
est warning (44%) while unspecified pain was the least cited (11%) in one of the 
studies [9]. Stroke can also result in psychological problems such as depression, 
anxiety, feeling helpless and thoughts of death or suicide, trouble sleeping and 
feelings of worthlessness [10]. In general, a right cerebrovascular accident may 
result in left hemiplegia or hemiparesis, difficulties with visuo-spatial memory, 
neglect of the left side of the body, poor judgement, and impulsivity, while a left 
cerebrovascular accident may cause right hemiplegia or hemiparesis, apraxia, and 
aphasia due to the location of the Broccas’ and Wernicke’s areas [11].

Stroke was associated with 43.7 million disability-adjusted life years annu-
ally around the world [5]. It is one of the most common neurological diseases in 
the black African and the leading cause of adult neurological admissions in West 
African sub-region, constituting up to 65% of such admissions [9]. Globally, 
70% of strokes and 87% of both stroke-related deaths and disability-adjusted 
life years occur in low- and middle-income countries [4]. Approximately 60% of 
stroke patients acquire permanent disabilities and experience limitations in terms 
of mobility, vision, voice, speech, swallowing (dysphagia) and sexual function 
globally [4]. Stroke can cause multiple impairments which might need a variety of 
rehabilitation interventions [12]. Motor impairment is the most common deficit 
after stroke and the motor deficits increase fall risks and fall-related injuries. This 
in turn significantly affects the patients’ mobility, participation in their activities of 
daily living, social events and other occupational performance areas [13].

Stroke is a leading cause of functional impairments; with 20% of survivors 
requiring institutional care after three months and 15–30% being permanently 
disabled [14]. Many stroke patients experience activity limitation, restricted social 
participation, and psychological issues such as anxiety and depression some years 
after having stroke [15]. Approximately 65% of stroke patients are dependent on 
others to help them with everyday activities and the quality of life 2–5 years after 
stroke has been reported by many stroke survivors as poor [15].
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Several researchers have studied the stroke survivor’s physical, social, psy-
chological and emotional needs [16–19]. Although most stroke patients receive 
rehabilitation, the lifelong need for care of stroke patients with disabilities has not 
been fully explored [17]. Despite calls for comprehensive stroke services to address 
long-term needs of patients, there had been little investigation of the perceived 
needs of stroke survivors in the long term or what determines such needs [20]. This 
area lacked a systematic approach to problem identification, had a poor evidence 
base, and was not underpinned by sound theoretical concepts hence there was 
need for further research in the area [15]. Similarly, needs of caregivers for stroke 
patients need further exploration.

1.2 Stroke rehabilitation and occupational therapy

Stroke Rehabilitation is a progressive, dynamic and goal-orientated process 
aimed at enabling a person with impairment as a result of stroke to reach their 
optimal physical, cognitive, emotional, communicative, social and functional activ-
ity level [21]. Stroke rehabilitation begins in the acute care hospital after the person’s 
overall condition has been stabilised, often within 24–48 hours after the stroke 
[22]. Stroke rehabilitation plays a vital role in lessening the effects of impairments 
and activity limitations, and in facilitating the return to active participation in 
community life and economic self-sufficiency after the stroke [12]. Internationally 
recognised best practice in the early management and rehabilitation of individu-
als following stroke includes collaborative and multidisciplinary assessment and 
treatment by a coordinated team of health care professionals [23]. A collaborative 
approach improves quality of life in stroke patients [12].

In the first weeks and months of recovery, the goals of rehabilitation are to help 
survivors become as independent as possible and to attain the best possible quality of 
life [21]. Although rehabilitation may not reverse the brain damage, it can substan-
tially help people achieve the best possible long-term outcomes [22] through various 
ways that include facilitation of neuroplasticity of the brain. Rehabilitation is espe-
cially crucial during the early stages of recovery to regain independence when patients 
have little or no control over their affected muscles [22].

As part of stroke rehabilitation, occupational therapy (OT) involves the use of 
activities or training to improve or maintain the ability to live independently and 
cope with daily life for people with stroke [16]. The philosophy of occupational 
therapy is based on the concept that all humans have a need to become engaged in 
occupations [24], and that need is present even after stroke. Therefore, the role of 
the occupational therapist is to facilitate the patient’s continued participation in 
meaningful and purposeful daily activities and adaptation to the patient’s changed 
status. These occupations (all goal-directed engagement in self-care, work or leisure 
activities) can be termed as activities and participation areas in the International 
Classification of Functioning, Disability and Health (ICF) terminology [25]. 
According to the ICF framework, stroke results in activity limitation and participa-
tion restriction [26]. The ICF is a globally agreed framework and classification 
to define the spectrum of problems in the functioning of patients [27]. The ICF 
was also shown to be an essential tool for identifying and measuring efficacy and 
effectiveness of rehabilitation services [28]. Using the ICF takes a biopsychosocial 
approach which addresses the quality of life gap which is often left in favour of 
quantity of life.

Occupational Therapy in general, focuses on the assessment and treatment of 
individuals who are limited by physical injury or illness, psychosocial dysfunction, 
developmental or learning disabilities, or the ageing process through the use of 
purposeful activity and adaptive equipment and technology in order to maximise 
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independence, prevent disability and maintain health [29]. Occupational therapists 
play a crucial role in the rehabilitation of stroke patients as they are experts at 
training patients to relearn complex bodily movements and avoid complications 
that could derail their progress later [30]. Occupational therapy is concerned with 
promoting health and wellbeing through participation in activities of everyday life 
and this is done by modifying the occupations and the environment in a therapeu-
tic way to better support participation [23]. Occupational therapists also employ 
neurophysiologically based handling techniques meant to facilitate neuroplasticity 
of the brain. In some instances, occupational therapists can teach compensatory 
strategies when the old ways of functioning are no longer possible [30]. Therefore, 
occupational therapy for stroke includes interventions for physical, social, psy-
chological and cognitive impairments [30]. The role of occupational therapists in 
stroke rehabilitation is particularly important because they focus on functional 
outcomes and getting clients back to doing everyday activities [11] which is usu-
ally unique to the profession. It is important that the interventions suit a patient’s 
needs [30].

The period of receiving services in stroke rehabilitation depends on the severity 
of disability and specific needs of the stroke survivor, although it has been proved 
that a great deal of stroke recovery occur within the first six months to a year 
following the onset of the stroke [31]. Occupational therapists work collaboratively 
with the patient to establish the impact of stroke on their performance of daily 
tasks, including personal care, domestic tasks, work and leisure activities; and in 
formulating a goal-focused program to develop the required skills for participa-
tion in daily life [23]. Given the variability in stroke complications, occupational 
therapists need to have a wide repertoire of techniques to help each client [11]. The 
treatment techniques in occupational therapy may include using occupational tasks 
to help improve cognitive abilities, teaching adaptations to meaningful activities to 
keep the client involved, and using task-specific movement to help with range of 
motion and motor control [11]. The occupational therapist can provide a patient 
with an assistive device or adjustments and adaptations in the environment, for 
example, in a patient’s home. This enables the patient to perform his/her ADLs 
independently and also dealing with other emotional or social issues that may result 
from stroke [30].

The occupational therapy process for stroke patients begins with an assess-
ment of the patient’s roles, tasks and activities that are important for the patient 
[30]. An assessment is conducted to understand the impact of changes in motor 
function, sensation, coordination, visual perception, and cognition on the stroke 
patients and on the capacity to manage daily life tasks [23]. Assessment is also 
used to identify areas of individual and environmental difficulties and to enable 
patient-centred goal setting with the participation of both the patient and the 
caregiver [23]. The occupational therapist will then assess the ability to perform 
the roles, tasks and activities and if a limitation or restriction in some area is 
found, the occupational therapist will identify the performance components and 
craft the solution or intervention meant to restore, improve or maintain patient’s 
maximum level of performance [30]. Some of the performance components may 
include neuromuscular, cognitive and perceptual, language and psychosocial 
problems.

The occupational therapy interventions should therefore be able to address the 
patient’s needs and be provided in both the acute and rehabilitation phases [30]. 
For some stroke survivors, rehabilitation will be an on-going process to maintain 
and refine skills and could involve working with occupational therapists and other 
specialists in that field for months or even years after the stroke [22].
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2.  Activities and areas of participation considered important by stroke 
patients

In order to adequately address challenges stroke patients face, there is need to 
identify the activities and areas of participation they consider important. This 
section is therefore based on a study done in Zimbabwe which sought to find out the 
activities and areas of participation considered important by stroke patients, the 
level of difficulty experienced in carrying out these activities and the reasons for 
attaching importance to these areas [32]. The study was cross sectional descriptive 
in nature and was done with 40 stroke patients consecutively selected as they came 
for their reviews at an outpatient stroke clinic at a central hospital in Zimbabwe [33]. 
An interview questionnaire adapted from the ICF checklist version 2.1a clinician 
form was administered by the researchers with consent after ethical approval 
(JREC….). Excluded were patients with significant cognitive and language impair-
ments as it would have been difficult to communicate with them. In the study, 25 
were female and 15 were male. Participants’ ages ranged from 34 to 81 years with 
the 50–59 years age group being the mode. These demographic characteristics are 
consistent with a study done by Mlambo et al. [34], which was done in South Africa 
and the participants’ ages ranged from 32 to 81 with a mean age of 52 years. The 
activities and areas of participation assessed during the study were obtained from 
the domains in the ICF checklist as alluded to earlier.

2.1 Mobility and hand function

Half of the patients reported severe difficulty in lifting and carrying objects, 
while 43 and 38% of participants experienced complete and severe difficulties in 
fine hand use respectively [32]. About 20% had flexion contractures of the elbow 
and wrist joints of the affected side. These difficulties were due to the condition 
(stroke) which causes disturbances in muscle tone and loss of selective and isolated 
movements in the hand and arm [35] and this hinders execution of functional 
movements [36]. Thirty three percent of the participants had moderate difficulty 
in walking and used mobility aids while 20% had complete difficulty [32]. Half of 
the participants reported experiencing complete difficulty in using transportation 
like cars or buses. On driving, only 18 participants were drivers and 78% of them 
reported complete difficulty in the area [32].

On importance attached to these domains, all participants considered fine hand 
use and walking important, while 98% considered being able to use transporta-
tion important [32]. However, it was noted that none of the participants who were 
drivers had driving addressed by their therapist. Driving rehabilitation is an area 
that has not been fully explored by OTs in Zimbabwe. Driving is an important ADL 
and many stroke patients who were driving prior to their stroke wished to resume 
driving as noted by Kneebone and Lincoln [37]. A study by Duncan et al. [38] found 
that hand function and mobility were some of the key areas considered important 
by stroke patients.

2.2 Self-care

Half of the participants in the study reported severe difficulties in dressing, 
33% had moderate to severe difficulties in grooming while 65% had severe dif-
ficulty in bathing themselves [32]. About 73% had no difficulty in feeding and this 
can be explained by the exclusion of patients with speech and cognitive problems 
in the study. Speech and cognitive problems are often associated with feeding 
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problems. Thirty three percent did not experience any difficulties in toileting 
while the remainder had mild to severe difficulties and used sanitary wear or were 
catheterised [32].

All aspects of self-care were considered as very important by all participants as 
they viewed these activities crucial for human survival [32]. This was also noted 
in a study by Aberg et al. [39] where the participants valued their independence in 
self-care activities.

2.3 Domestic life

In Chimusoro’s study [32], 78 and 75% of participants had complete difficul-
ties in acquisition of goods and services, and preparing meals respectively. About 
half of the participants considered being able to prepare meals important, while 
32% consisting mainly of male participants and elderly female participants did not 
view it as important since they had their meals prepared for them by caregivers. 
On doing housework, all male participants considered it as not applicable to them. 
This is common in the Zimbabwean and most African cultures where most if not 
all men, do not consider household chores as part of their ADLs. Therefore it would 
be irrelevant to engage a male patient in therapy sessions focusing on retraining 
household chores unless found necessary during the assessment process. The same 
notion applied to the elderly female patients who had long stopped doing those 
chores before suffering a stroke. These duties were done for them by children, 
grandchildren and/or caregivers [32]. This is where the aspect of interdependence 
is seen in the African culture. The elderly in Africa usually end up living with their 
children and grandchildren as compared to the Western culture where the elderly 
can be living alone and independence in home maintenance tasks becomes an 
important aspect of their lives.

2.4 Interpersonal interactions and relationships

All the participants did not have any difficulties in basic interpersonal interac-
tions, formal and informal interactions [32]. Participants considered these areas 
important. However, 10 and 4% had mild and moderate difficulties in intimate 
relationships respectively. They attributed their problems in sexual function to 
their condition and felt it hindered maximum enjoyment of intimate relationships. 
They viewed their intimate relationships as important but were reluctant to share 
this with their therapist since they were not aware that the issue could be addressed 
in occupational therapy. Resumption of sexual activity for stroke patients is very 
important as cited by Edmans, although they may fail to articulate this to the 
therapist [40].

2.5 Major life areas

In this domain remunerative employment was not applicable to half of the 
participants as some were retired and some did not work prior to suffering 
the stroke. For the remaining half they reported complete difficulty and had 
not yet returned to their previous jobs. This is consistent with the findings by 
D’Alisa et al. [41] in which 40% had severe restrictions in employment issues. 
About 95% of patients to whom employment was applicable considered it as 
very important [41].

About 33% had moderate difficulties in economic self-sufficiency as they had 
financial problems due to their unemployment status. All the participants con-
sidered being self-sufficient important. In D’Alisa et al. [41], 15% had moderate 
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to severe restrictions in economic self-sufficiency. This difference may be due to 
lack of a national social security system that cushions persons with disabilities in 
Zimbabwe as compared to more developed countries.

2.6 Community, social and civic life

All participants considered it important to be reintegrated into the community. 
About 85% did not report any difficulty in participating in religious and spiritual 
activities and 95% considered them very important [32].

Fifty eight percent considered recreational activities as important. These 
recreational activities were mainly visiting friends and relatives, watching televi-
sion, reading or listening to the radio [32]. There is a stark contrast in the type 
of recreational activities cited by the Zimbabwean sample as compared to other 
studies where participants reported restrictions in activities like golf, bowling, 
tennis and attending social clubs. The differences in the recreational activities 
can be explained by the differences in the socio-economic statuses of the samples. 
The culture of participating in recreational activities for leisure purposes need to 
be reinforced and further explored especially in low income groups where people 
mostly engage in productive activities whether paid or unpaid than they do in 
recreational activities.

2.7 Areas that stroke patients wanted to return to

Out of the 40 participants, 53% wanted to return to their work. They consid-
ered it very important because some were breadwinners and wanted to be able to 
look after their families [32]. In a study in Singapore by Kong and Yang [42], 14 out 
of 54 participants continued to be gainfully employed [42]. Of these 14, 11 were 
able to go back to previous jobs while 3 had to change jobs due to their physical 
limitations [42].

Thirty four percent wanted to be able to do their instrumental ADLs again [32]. 
These were mainly female participants who valued being able to look after their 
children and homes. Only 10% did not wish to return to any activity in particular 
and these were mainly elderly patients who had not been engaging in any activities 
that they considered important enough to return to [32]. In such cases, it would be 
necessary for the therapist to try to look for areas of interest for the patient so as to 
build a passion for doing activities that are meaningful to them and can also be used 
during therapy.

In summary, these findings give insight into the areas stroke patients consider 
important in the Zimbabwean context. They are consistent with other studies, for 
example, one study by Sumathipala [20], where stroke patients considered ADLs, 
social participation, mobility aids, home adaptations, housing and financial support 
as important [20].

The ICF is an important framework in guiding management of stroke patients as 
it can be used to assess and address all aspects of a person’s life without just focusing 
on his/her diagnosis [43]. Occupational therapy has an important role of facilitating 
a patient’s optimal functioning and independence through participation in mean-
ingful and purposeful daily activities. The strength of occupational therapy lies 
in the ability to analyse activities/occupations. The occupations in which a person 
engages and the amount of time one spends doing the occupations is very specific 
to the circumstances and the culture in which a person lives [44]. Therefore, the 
effectiveness of occupational therapy and the quality of care can improve when 
culturally relevant occupations are selected and interventions are important to a 
person with stroke.
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3. Needs of stroke patients

3.1 Introduction

This section is based on a cross sectional pilot study done in Harare, Zimbabwe 
in 2020 with 35 stroke patients attending rehabilitation [45]. Mean age of par-
ticipants was 58 years (S.D 8.8) and the greater proportion were female (n = 19, 
54.3%). The majority (94.3%) belonged to the Christian faith similar to 92% found 
in Seremwe et al. [46]‘s study in the same context [46]. About 57% were married. 
In the Zimbabwean setting and from previous experiences with stroke patients, this 
might be due to good social and financial support from the spouse making them 
able to afford the hospital services. Those widowed or single due to other reasons 
may not seek for medical or rehabilitation services due to lack of financial and 
social support [46]. A study by Liu et al., [13] reported an independent association 
between marital status and post-stroke outcomes in patients with acute ischemic 
stroke [13].

About 49% were employed [45], consistent with another study done on stroke 
survivors in Zimbabwe where less than half were working and the rest had no 
source of income [46]. Left cerebral Vascular Accidents accounted for 74.3% of the 
strokes. Study participants had a median duration with stroke diagnosis of 104 days 
(inter-quartile range 44–270). This is mainly the situation in Zimbabwe where most 
of the patients who come for rehabilitation have stroke duration of less than two 
years. Those who had stroke for more than two years will have inadequate funds to 
continue treatment, hence will not come for rehabilitation services.

The needs of participants were grouped into physical, instrumental, social, 
informational and emotional needs. Highlighted in Table 1 are the needs accord-
ing to the groupings and it consists of 28 statements to which participants were 
expected to answer “yes” or “no” on whether they consider it a need.

3.2 Physical needs

Fourteen statements related to physical needs. All the participants in the study 
considered pain management, walking and general mobility, performing basic and 
instrumental activities of daily living (ADLs), engaging in recreational activities, 
dealing with fatigue and exercising as their physical needs post stroke [45]. Specific 
self-care needs cited were independent bathing and cutting toenails. Only 40% 
and about 11% cited swallowing and hearing problems respectively. Thus physical 
needs were the most common needs of stroke patients. This is because stroke mainly 
affects the physical components resulting in pain, reduced mobility, poor muscle 
strength, reduced speech and communication, problems with swallowing and 
incontinence and many other deficits which might results in decreased function-
ing and inability to cope [12]. In a similar study done in Australia, patients mostly 
over the age of 65 years needed assistance with performing ADLs, such as self-care 
[15], and this shows that this is a major need among all stroke patients regardless of 
location.

Sight problems, prevention of pressure sores and dealing with bladder and 
bowel problems were cited by more than 80% of participants as needs indicating 
that they are also common needs in this group.

3.3 Instrumental and social needs

These two aspects had a combined five needs (Table 1). There were two items 
on instrumental needs, and all participants indicated the need for additional 



177

Stroke Rehabilitation and Occupational Therapy in Low Resource Settings
DOI: http://dx.doi.org/10.5772/intechopen.101212

Item Need Considered as a need by stroke 
patients

Yes
n (%)

No
n (%)

Physical needs

1 To ease my pain, since nothing seems to ease it. 35 (100%) 0

2 Help on walking and general moving 35 (100%) 0

3 Help on how to get job done in my home (ADLs) 
such as cleaning, cooking, ironing and laundry

35 (100%) 0

4 Help on how to do things like cutting my toenails, 
washing myself

35 (100%) 0

5 Help on how to deal with fatigue 35 (100%) 0

6 Learning about exercise 35 (100%) 0

7 Help on how to bath independently 35 (100%) 0

8 Help on dealing with bladder/ bowel problems 
(accidents, constipation, diarrhoea)

32 (91.43%) 3 (8.57%)

9 Help on how to prevent pressure sores 30 (85.71) 5 (14.29%)

10 Help on sight problems. 29 (82.86%) 6 (17.14%)

11 Help on getting back to driving 19 (54.29%) 16 (45.71%)

12 Help on swallowing problems. 14 (40%) 21 (60%)

13 Help on speech and communication problems 12 (34.29%) 23 (65.71%)

14 Help on hearing problems. 4 (11.43%) 31 (88.57%)

Instrumental support

15 Additional aids or adaptations (kitchen appliances, 
stair lift, grab rails) if other please specify

35 (100%) 0

16 Adaptations outside the home (e.g., ramps, rail) if 
other please specify

33 (94.29%) 2 (5.71%)

Social needs

17 Help on how to occupy my day better (e.g., social 
outings, hobbies, leisure activities)

35 (100%) 0

18 Help and advocacy in accessing social services 34 (97.14%) 1 (2.86%)

19 Help on how to travel using public transport such 
as buses and commuter omnibuses

32 (91.43%) 3 (8.57%)

Informational needs

20 More information about my stroke (e.g., what is 
stroke, why has it happened to me, how to avoid 

having another one)

35 (100%) 0

21 Advice on how to improve my diet 35 (100%) 0

22 Advice on how to manage my money better. 33 (94.29%) (5.71%)

23 Help on how to do shopping. 32 (91.43%) 3 (8.57%)

24 Advice on employment after stroke 25 (71.43%) 10 (28.57%)

25 Help and information on how to manage my 
physical relationship with my partner

13 (37.14%) 22 (62.86%)

Emotional needs

26 Help on improving self-esteem, anger issues and 
other emotional issues
If other please specify

35 (100%) 0
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aids or adaptations in the house while 94% cited need for adaptations outside the 
home. Under social needs, there were three items and about 97 and 91% respec-
tively indicated the need for help and advocacy in accessing social services and 
using public transport. All participants needed help on how to engage in social 
outings, hobbies and leisure activities. Stroke survivors in this study faced societal 
barriers that can affect engagement in activities of daily living namely problems 
in using public transportation, lack of adaptations inside and outside the home 
environment as well as lack of aids and appliances to facilitate independence. 
Due to the economic situation in Zimbabwe, most places are not specifically 
adapted for people with disabilities to engage fully in social and daily activities, 
for example, inadequate provision of rails and ramps in public buildings for those 
who have problems with mobility [47]. Assistive devices like wheelchairs and 
modifications to the home environment are not available to the survivor soon after 
discharge to promote maximum participation [48], hence participants citing them 
as needs they require occupational therapists to meet. In Zimbabwe, wheelchair 
service provision and services are fragmented and poorly integrated [49]. The use 
of mobility devices such as wheelchairs, crutches and canes improves mobility, 
health and quality of life, and it enables those with mobility issues to mobilise 
without any restrictions [48]. Another study showed that stroke survivors 
had more participation restrictions as a result of environmental barriers [50]. 
Physical/structural and services/assistance were considered the dominant barri-
ers to participation in activities of daily life for stroke survivors in China, hence 
there were considered to be among the most common needs presented by stroke 
survivors [51]. In another study on “Identification of rehabilitation needs after a 
stroke”, some of the most expressed needs of the participants were needs relating 
to adapted means of transportation and home visits from healthcare personnel 
[52]. Home visits might also help in noting any home adaptations that need to 
be done [53]. Social support should be provided to stroke survivors, including 
barrier-free facilities and occupational therapists should advocate for those 
services in the community.

3.4 Informational needs

Six items related to informational needs. All the participants needed informa-
tion on their condition (stroke) and advice on diet. Over 90% needed advice on or 
help on better money management and shopping. Twenty-five participants needed 
advice on employment after stroke. The least cited as informational need had to do 
with managing physical relationships with partner/spouse (about 37%) (Table 1). 
The need to give more information about the condition is consistent with findings 
by Williams et al., where only 38% professed to know stroke warning signs and only 
25% correctly interpreted their symptoms [54]. Similarly, Mckevitt, et al., reported 
more than half of their participants wanting more information about their stroke 

Item Need Considered as a need by stroke 
patients

Yes
n (%)

No
n (%)

27 Help on improving my memory and concentration. 33 (94.29%) 2 (5.71%)

28 Help on how to deal with emotional and 
behavioural changes

34 (97.06%) 1 (2.94%)

Table 1. 
Distribution of participants according to need (N = 35).
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(cause, prevention of recurrence) [55]. This shows that this is a major concern 
among most stroke patients regardless of the part of the world they live, hence the 
need for occupational therapy intervention. Knowledge about the condition will 
also help them to adhere to the home programs they will be given and to seek for 
early treatment before any complications or permanent disability arises. With more 
knowledge about stroke, they could identify the disease immediately, resulting in 
a decrease in the time from symptom onset to hospital arrival, and a subsequent 
increase in the number of patients who may receive appropriate interventions 
[56]. It might also help them to know how to prevent any future recurrence of the 
condition and the services that might be beneficial to them in order to minimise any 
complications that may arise as a result of the condition.

3.5 Emotional needs

Three items related to emotional needs. All items were cited as needs by more 
than 94% (improving memory and concentration (94.29%), self-esteem, anger and 
other emotional issues (100%) plus dealing with the emotional and behavioural 
changes (97.06%) (Table 1). This high proportion of more than 90% of the par-
ticipants having emotional needs after stroke is probably because stroke affects the 
person’s ability to engage in daily living activities, communicate well with others 
and that can lead to increased dependence, feelings of low self-worth, (e.g., if 
the patient is incontinent) resulting in many psychological and emotional issues 
like depression [57]. The findings in this Zimbabwean study are consistent with a 
study on “Self-Reported Long-Term Needs After Stroke” where over one third of 
respondents reported experiencing emotional problems (including depression, 
crying) after the stroke [55]. Since emotional and psychological needs are liable 
to be neglected, post-stroke depression is a common complication which seriously 
impairs quality of life [18]. Therefore, psychological expertise and psychological 
support is needed by stoke survivors [18].

4. Importance of needs as perceived by stroke patients

The majority of the participants in the Zimbabwean study perceived most of the 
needs in all categories as important and requiring intervention [45]. Physical needs 
rated as very important in this study were independent mobility and dealing with 
bladder and bowel incontinence. These aspects enable participants to be indepen-
dent and to perform daily activities without restrictions. Participants also perceived 
informational needs as important [45]. Information on dietary issues is important 
among stroke patients as this might enhance recovery and help in minimising the 
intake of unhealthy foods such as saturated fats and too much sodium chloride 
which might even increase the risk of having a recurrent stroke [58]. Knowledge 
about one’s condition will conscientise them on the importance of receiving reha-
bilitation and adhering to one’s treatment and medications. The knowledge can 
also minimise complications and prevent future recurrence of the condition, hence 
this information is important among stroke patients [59]. Furthermore, knowledge 
and information about the condition is important since there is often confusion 
and a lack of information about surviving after a stroke, prevention of subsequent 
strokes, treatment, services, benefits and adaptions to property [60, 61]. Stroke 
survivors had to adapt to changes in their bodies as a result of stroke and adjust 
their expectations, including roles within the home and community [60]. This was 
particularly so for those of working age and hence the importance of knowledge on 
the condition.
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In one study, stroke survivors experienced a lack of information about what 
had happened to them and did not realise they had had a stroke [62]. Relevant 
information is required at different times after a stroke, for example, information 
about benefits and services most needed after discharge from hospital [61]. Some 
survivors and carers are unsure which profession offers which service, and there can 
be role confusion related to an Occupational Therapist, a Physiotherapist, a Home 
Carer and a social worker, hence this information is also important among stroke 
patients who should know which services can address their specific needs [60].

The majority of the patients in the Zimbabwean study indicated that adaptations 
in the home environment were important [45]. Without these, stroke survivors are 
restricted in performing their daily activities and social roles resulting in increased 
dependency [63]. Without assistive technology, stroke survivors and other people 
with disabilities are often excluded, isolated and locked into poverty, resulting 
in increased burden of morbidity and disability [63]. This is similar to a study 
done to identify the long-term needs of stroke survivors using the ICF where the 
participants reported that home adaptations (such as stair or grab rails) provided 
after discharge from hospital enabled them to adapt to their physical disabilities by 
facilitating independence in walking, climbing stairs and ADLs [20]. Stroke patients 
saw this as important since these factors might create a significant barrier to their 
physical functioning and independence.

Pfavai [45] also revealed that emotional issues such as dealing with depres-
sion and behavioural changes were rated as important by more than 80% of the 
participants. Most of these are not easily seen unlike physical needs hence their 
importance might be overlooked by occupational therapists. These issues might 
affect recovery and engagement in daily occupations hence they were perceived as 
important by the participants. Emotional problems such as depression might also 
be fatal, in worst cases leading to suicide and general increased mortality, hence 
their importance must not be overlooked [64]. A sudden attack and poor prognosis 
had an appreciable effect on the psychological and emotional wellbeing of stroke 
survivors [18], hence they are important and should be addressed. Interventions 
usually focus on treating the disease, rather than the emotional needs of the 
patients. These emotional and psychological needs are liable to be neglected and 
post-stroke depression is a common complication which seriously impairs quality 
of life [18, 63].

Participants in Zimbabwe also perceived the need to engage in recreational 
pursuits as important in their lives [45]. This is one of the areas which are mostly 
neglected during intervention by occupational therapists. However, engaging in 
leisure and recreational activities is of importance since it improves physical health, 
enhances mental wellness, social interaction with others and it enables the stroke 
survivors to engage in activities which are meaningful in their lives [65]. In a study 
done on coping with the challenges of recovering from stroke, participants reported 
the importance of recreational activities and the great distress which was associated 
with the loss of hobbies and activities that had previously been a source of pleasure 
and achievement [62]. This is also in line with Rhoda et al., [66] where the partici-
pants highlighted the importance of engaging in recreational activities. Participants 
experienced social isolation, restriction to their homes which they felt could result 
in sadness and depression due to inability to engage in those activities which were 
normally found interesting before [66]. However, these activities should be client 
centred so that their benefits to each individual can be realised.

Access to public transport which is conducive and specifically adapted for people 
with disabilities was perceived as important by participants in Pfavai study [45]. 
This is important since lack of suitable transport results in participation restric-
tion in activities such as religious activities, shopping and other social gatherings 
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participants might want to engage in [47]. In a study done in China, physical/
structural and services/assistance which include inaccessible public transport for 
those with disabilities were considered the dominant barriers to participation in 
activities of daily life for stroke survivors in China hence these needs are important 
and should be addressed [18]. Social support should be provided to stroke survivors, 
including barrier-free facilities [47]. Furthermore, the social security system for 
stroke survivors and other disabling conditions needs to be improved in low-income 
and middle-income countries.

5. Perceived fulfilment of stroke patients’ needs

Findings from Pfavai study [45] indicated that most of the needs of stroke 
patients were not being fully met including those needs participants rated as very 
important. Perceived unmet needs may reflect expectations and knowledge but 
may also indicate where service provision should be developed [55]. The needs 
which were mostly being fulfilled were physical needs such as pain management, 
exercises to facilitate walking and mobility in general, and self-care including inde-
pendent bathing [45]. This is because these needs can be easily identified and their 
physical limitations can be easily noted compared to other needs such as emotional, 
informational and societal. The later ones are therefore less likely to be addressed. 
These findings are consistent with McKevitt et al., [55] where most participants 
experienced problems related to physical needs which were to do with mobility, 
falls, pain, and incontinence, and those needs were fulfilled in the majority of 
cases. Thus, the percentages of those with unmet physical needs were small (less 
than 25%) compared to the unmet emotional needs such as memory and concentra-
tion which were reported by 39% of the participants [55].

The emotional needs highlighted included how to deal with depression, anger 
issues, low self-esteem and behavioural changes as a result of stroke [45]. Emotional 
needs might be overlooked during the assessment process especially if the patient 
does not mention any emotional issues they might be experiencing. This is in line 
with a study done on the unmet needs of stroke patients where cognitive and 
emotional health needs such as concentration, memory, cognition, fatigue, and 
emotions were less likely to be fully met than physical needs despite physical needs 
being more common [15]. This affirms the requirement to implement strategies to 
help stroke survivors address the range of emotional problems they may experience 
[55]. Stroke rehabilitation usually focuses on physical impairments and assisting 
stroke survivors to develop functional independence. This may mean that services 
aimed at addressing the cognitive and emotional needs of stroke survivors are not 
adequately resourced [15]. This supports the results obtained in Pfavai [45] study 
where emotional needs were not being fully met compared to most of the physical 
needs [45]. Therapists need to be intentional in ensuring that emotional problems 
experienced by stroke survivors are adequately addressed.

Instrumental needs which were perceived as being unmet by more than 70% of 
the participants included adaptations outside the home environment and aids and 
adaptions inside the home environment [45]. Without these aids, stroke survivors 
are less able to perform their daily activities without restrictions [49]. However, due 
to the economic situation in Zimbabwe there is lack of resources in hospitals and 
assistive devices are scarce for those with performance limitations [45, 47]. There is 
also lack of transport and financial resources for the occupational therapists to do 
home adaptations for the patients soon after discharge [53]. This need might also 
be more than the 70% which was obtained in Pfavai study [45] since the study was 
partly done at a rehabilitation centre where the patients are given assistive devices 
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such as wheelchairs for them to use before discharge and at a nominal fee after dis-
charge. Stroke survivors have also reported that health systems are not responsive 
to their changing needs and that there is a lack of long-term re-assessment of their 
needs, [15]; hence some of the needs which might arise later during intervention 
may not be met.

Training on getting back to driving and information on how to do shopping 
were rated by more than 90% of participants as unmet [45]. These are some of 
the needs which are over looked during intervention. This might be due to lack of 
expertise among the concerned occupational therapists on driving rehabilitation. 
At the time of writing this chapter, there was no comprehensive module on driving 
in the University of Zimbabwe curriculum on occupational therapy undergraduate 
training. This might result in lack of expertise and confidence in addressing that 
need. This is also in line with a study done on coping with the challenges of recover-
ing from stroke where loss of ability to drive a car was seen as a major challenge 
which required intervention and the ability to resume driving was spoken with deep 
emotion [62]. Driving was seen as representative of independence, a way to regain 
self-esteem, a means to access social support and to facilitate participation in valued 
activities [62]. This aspect however needs special training to avoid causing harm to 
patient and society.

Skills on shopping independently were also perceived as unmet in Pfavai study 
[45], and this might be due to lack of resources to simulate the shopping environ-
ment or lack of funds to teach the patients in the actual environment. In a study that 
looked at the combined perceptions of people with stroke and their carers regarding 
rehabilitation needs one year after stroke [67], patients reported having to give up a 
task in advance and had limitations in more physically demanding activities such as 
going to buy groceries among other tasks, supporting the need to address shopping 
needs among stroke patients [67]. The importance of this need might be overlooked 
during interventions. Information and knowledge needs of stroke survivors should 
not be underestimated and should be considered when developing strategies to 
meet the rehabilitation needs of stroke survivors [68].

Another unmet need in the Zimbabwean study [45] was financial/money 
management after a stroke. Most stroke survivors lose their jobs after the incident 
of stroke, and cognitive components might also be affected resulting in inability 
to adequately manage their money. However, this need seemed to have been over-
looked. Li et al. also noted that few studies have looked at the financial impact of 
stroke on the survivors and their families, indicating that this area’s importance 
might be underrated [18].

Early discharge of patients due to unavailability of beds might also result in some 
of the stroke patients’ needs not being adequately met. Although many individuals 
still have rehabilitation needs one year after stroke, rehabilitation is often concluded 
within the first three months, and follow up is not usually done hence some of the 
needs might not be adequately fulfilled [67].

6. Closing remarks

The occupational therapist is the health professional who specifically addresses 
patients’ involvement in daily life situations, and as such, she/he should be well 
conversant with that particular aspect of patients’ lives. This in turn addresses one’s 
quality of life which is often neglected. Stroke patients’ perceived needs high-
lighted above provide patients’ perspectives which is critical in the development 
of patient-centred services by service providers. The commonly used functional 
outcome measures (e.g., the Barthel Index) may underestimate dependence leading 
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to rehabilitation professionals and patients prioritising different needs. Not using 
meaningful occupations in treatment; lack of discharge planning, using interven-
tions not perceived as driven by patient’s occupational goals, and use of interven-
tions chosen by therapists without considering what the patient needs thereby 
placing the patient in a passive role were noted as major challenges [69]. The stroke 
patients’ perceptions help the therapists to tailor interventions to meet patients’ 
specific needs.
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