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One of the cardinal aspects of post-ischemic stroke disabilities is cognitive decline correlated with higher
long-term mortality rate. There are various hypotheses about cognition impairment after ischemic stroke,
but lately, neurovascular coupling (NVC) response impairment and neurovascular unit (NVU) disruption
have been proposed as causes for cognitive decline. The NVC mechanism, a feature of the brain’s intrinsic
micro circulation, regulates local cerebral blood flow (CBF) in accordance with the underlying neuronal
activity. It seems that, cerebral ischemia triggers several molecular and cellular cascades including
excitotoxicity, neuroinflammation, oxidative stress and blood brain barrier (BBB) disruption which
eventually leads to NVU malfunction and NVC response impairment which results in cognitive dysfunction
in many stroke patients. This review tries to focus on the factors involved in NVC response that might affect
cognition after ischemic stroke.
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Introduction
Stroke is associated with the highest odds of severe disability [1].
In 2010, there were 39.4 million disability-adjusted life years
reported due to acute ischemic stroke worldwide [2]. One of the
most important aspects of these disabilities is cognitive decline
that frequently occurs in stroke patients [3]. 64% of patients,
who have experienced stroke, have some levels of cognitive
impairment [4]. In industrial countries, post-stroke cognitive
decline is the second most common cause of dementia [5].
However, it is usually ignored and covered by the severe physical
disability [6, 7].
According to reports, the death risk within 20 months after
stroke was higher in patients who had a low cognitive score
nearly 3 months after stroke [8]. Moreover, after adjustment for
demographic and disease severity factors, the long-term mortality
rate was 3 times higher in patients who became demented
3 months after stroke, compared to non-demented patients [9].
There are various hypotheses about cognition impairment after
ischemic stroke. Lesions in certain brain regions, cerebral
micro-bleeds and mixed AD-stroke pathologies are some of the
main facets of cognitive impairment after stroke [6]. Moreover,
specific systemic interventions including control of vasoactive,

©2016 Swedish Science Pioneers, All rights reserved.

hemorheologic and metabolic mechanisms have been proposed
to involve in the neuronal damage related to functional and
cognitive stroke outcome [5]. Indeed, ischemic stroke causes
neuronal and endothelial damages that may result in cognitive
impairment [10].
Furthermore, according to recent findings, there is a strong
correlation between neurovascular coupling response (NVC)
and cognitive function [11]. NVC has been used as an index of
synaptic activity in health and disease conditions [12] and the
increase in the cerebral blood flow (CBF) following synaptic
activity is necessary for physiologic brain function [13].
Dysfunction of neurovascular unit (NVU) structures in stroke
causes post-stroke cognitive decline in patients [14]. The NVC
mechanism adjusts local CBF in accordance with the underlying
neuronal activity [15]. Clinical findings in recent years,
showed that NVC response has been significantly impaired in
ischemic stroke patients [15,16] and it has been depressed the
CBF-induced neuronal activation. Moreover, NVC evaluation
is a more sensitive method to detect the progress of cerebral
ischemia than other methods that are formerly introduced [17].
From a mechanistic point of view, disruption in blood brain
barrier(BBB) integrity, excitotoxicity, oxidative stress and
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inflammation can play role in post-stroke NVC response [16, 18].
The aim of this study is to briefly review factors involved in
NVC response which can affect cognition after ischemic stroke.

Excitotoxicity
Excitotoxicity contributes to the pathogenesis of stroke [19],
which can have an impact on NCV response [20]. A major cause
of excitotoxicity is activation of glutamate receptors specially the
NMDA subtype which mediates calcium-dependent cell death [17].
The glutamate release during neuronal activation may
interact with astrocytic glutamate receptors to increase calcium
in astrocytes and result in vasodilation [21]. Moreover, astrocytes
trigger intrinsic NVC responses after stroke by propagation of
calcium waves and promoting homeostatic gliotransmission [22].
Astrocytes-released gliotransmitters such as D-serine, glutamate
and ATP are associated with increased intracellular calcium that
directly activates the neighboring neurons via NMDA receptors
and subsequent excitotoxicity [23].
Also, as recent literature suggest, excitotoxic mechanisms
mediated by NMDA receptors over-activation can induce
significant reduction in sensory-evoked NVC responses [24].
NMDA receptor activation stimulates nitric oxide release,
crucial for the flow increase and NVC response [13]. There is some
evidence that tissue plasminogen activator (t-PA),as only approved
treatment for acute ischemic stroke, [2] has role in NMDA
receptor-dependent homeostasis which with nitric oxide synthesis,
local cerebral perfusion and its subsequent hyperemia [13]. Also,
experimental studies suggest that memantine, as a non-competitive
NMDA receptor antagonist, could relieve memory impairment and
decrease the neural lesions caused by cerebral ischemia [25, 26].
Overall, administration of excitotoxicity inhibitors after ischemic
stroke may interact with the same cellular effectors to improve
neurovascular unit integrity [22] and recover impaired NVC
response after ischemic stroke.

Oxidative Stress
Oxidative stress is one of the mechanisms behind strokeinduced [19] impairment in functional hyperemia [27, 28].
Evidences show that endothelial oxidative stress significantly
alters cerebrovascular regulation [29]. It has been revealed
that cerebral ischemia can alter oxidative stress and reactive
oxygen species (ROS) such as superoxide and peroxynitrite
generation [30] which impairs NVC and results in a vicious cycle
of further reduction of cerebral perfusion [31, 32]. Moreover,
ROS derived from NADPH oxidase can also participate in
post-ischemic cerebrovascular dysregulation and its inhibition
attenuates the ROS production after ischemia [33].
Oxidative stress-induced delayed neuronalinjury could cause
dissociation of neuronal projections from the NVU, un-coupling
and subsequent retrograde degeneration [34] which can cause
cognitive impairment after stroke [31].

Blood Brain Barrier Disruption
Endothelial cells interact with the BBB factors including
astrocytic end-foot processes, basal lamina and pericytes. These
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factors maintain circulatory homeostasis and neural function via
facilitating NVC [35]. It has been suggested that, BBB disruption
contributes to the pathogenesis of stroke [36]. During ischemia,
NO and ROS production increases in the site of damage and
endothelial cells rapidly up-regulate the expression of proteaseactivated receptor 1, tissue factor and matrix metalloproteinase
in both ischemic core and penumbraand subsequently facilitate
BBB disruption [37-39]. Furthermore, NO and ROS-induced
BBB disruption facilitates neutrophil extravasation into
the ischemic tissue in response to astrocytic and microglial
chemokines [22]. Overall, these events lead to neurovascular uncoupling.
On the other hand, pericytes as a key component of the
NVU [40] contracts following ischemia and involves in the postischemic stroke microvascular hemodynamic dysfunction [41].
Besides, rapid loss of endothelial cells and astrocytes’ β1-integrin
expression during ischemic stroke, promotes cerebrovascular
permeability [42-44]. Following ischemic stroke, the release of
high mobility group box 1, heat shock proteins and fibrinogen
from damaged tissue triggers the activation of toll-like receptors
(TLRs). The TLRs in turn, induce the expression of encoding
genes for apoptosis and inflammation which leads to BBB
disruption [45, 46].
BBB disruption and increased permeability after ischemic
stroke destroy NVU and lead to neurovascular un-coupling [35].
However, NVU`s structural interaction provides controlled
metabolic, vascular and anatomical condition that are necessary
for proper communication of neuronal synapses and circuitries
and subsequent cognitive functioning [47].

Inflammation
Inflammation plays a pivotal role in the ischemic stroke and
other forms of ischemic brain injury pathogenesis [12, 48].
Early elevations in multiple pro-inflammatory cytokines in the
cerebrospinal fluid (CSF) and plasma of ischemic stroke patients
show increased levels of IL-1, IL-6, IL-8 and tumor necrosis
factor α (TNF- α), [49, 50] which are responsible for cognitive
impairment after stroke [20, 51]. Evidence suggest that nonsteroidal anti-inflammatory drugs (NSAIDs) are effective in
preventing post-stroke cognitive decline [52, 53].
Moreover,
NVC
response
is
impaired
during
inflammation [34]. It has been established that, in stroke, upregulation and secretion of inflammatory mediators from
activated astrocytes stimulate the adhesion molecules expression
in inflammatory cells of the brain and cause neurovascular
un-coupling [22, 34]. Recent findings highlight inflammatory
cytokines and adhesion molecules roles in synaptic and cognitive
function [54, 55]. In stroke, modulation of NVC response
and NVU integrity by anti-inflammatory drugs can regulate
inflammatory cytokines and adhesion molecules [22, 34, 56]
which contribute to cognitive decline during the disease [14].

Conclusion
Among different neurological insults of ischemic stroke, NVC
impairment remains a major problem that leads to multiple
levels of cognitive and memory dysfunctions in stroke patients.
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Figure 1. The possible mechanisms of stroke-induced un-coupling in
neurovascular response and subsequent cognitive impairment.
BBB: Blood brain barrier; NVC: Neurovascular coupling.

As mentioned, cerebral ischemia triggers several molecular and
cellular cascades including excitotoxicity, neuroinflammation,
oxidative stress and BBB disruption that eventually lead to maladoption of NVU Figure 1. Given these, it seems that studying
mutual communication between neuronal compartments and
vascular functions may provide an opportunity to understand
cerebral ischemia-induced neuronal damages better. Also, due
to reliability and validity of NVC in detecting neuronal and
vascular impairments of the ischemic brain, it can be considered
as a useful target to investigate the novel therapeutics and
strategies for reduction of post-stroke cognitive impairments and
other functional disabilities.
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