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Abstract

Cerebral hemodynamic disorders and hypoxic-ischemic encephalopathy (HIE) pose significant challenges across various stages of medical care,
from neurological emergencies to intensive care. These conditions, marked by impaired cerebral perfusion and oxygenation, lead to severe
neurological deficits and present a complex interplay of pathophysiological mechanisms. This review provides a comprehensive evaluation of
both current and emerging approaches to managing these disorders. It examines the pathophysiology of cerebral hemodynamic disturbances
and HIE, focusing on the critical role of cerebral blood flow and oxygen delivery in brain function. The paper reviews existing diagnostic tools,
including neuroimaging and biomarkers, and their limitations in detecting and assessing the severity of these conditions. It also highlights
advances in therapeutic strategies, such as neuroprotective agents, advanced monitoring techniques, and novel interventions, aimed at
improving patient outcomes. Special emphasis is placed on the transition from acute management in neurological emergencies to ongoing
care in intensive settings, addressing the need for a multidisciplinary approach and continuous innovation. By integrating recent research
findings and clinical experiences, this review underscores the importance of addressing these challenges to enhance patient care and optimize

treatment outcomes for cerebral hemodynamic disorders and HIE.
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INTRODUCTION

Cerebral hypoperfusion is a critical condition characterized by
inadequate blood flow to the brain, which can lead to significant
neurological impairments and, if persistent, irreversible brain damage.’
Due to the brain’s high metabolic demands and limited energy reserves,
it is especially vulnerable to reductions in blood supply.? Understanding
the mechanisms, clinical implications, and management strategies of
cerebral hypoperfusion is crucial for improving patient outcomes across
various acute and chronic conditions.? Research and clinical practices
are continually evolving to address these complexities and advance

therapeutic approaches that mitigate neurovascular compromise and
promote neurological recovery.

The recent review explores the multifaceted interplay between blood
gas alterations and cerebral hypoperfusion, highlighting their profound
impact on neurological function and clinical outcomes.

Mechanisms of Hypoxic-Ischemic Encephalopathy

Hypoxic-ischemic encephalopathy (HIE) is a severe brain injury resulting
from a critical reduction in cerebral blood flow (CBF) and oxygen
supply, leading to a cascade of pathological events that compromise
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neuronal function and viability.* The initial insult is characterized by
hypoxia and ischemia, which disrupt cellular metabolism and deplete
adenosine triphosphate (ATP) reserves, impairing the function of ATP-
dependent ion pumps. This failure leads to neuronal depolarization
and the accumulation of intracellular calcium and sodium, triggering
excitotoxicity mediated by excessive glutamate release. Subsequently,
the influx of calcium activates various enzymes, such as proteases,
phospholipases, and endonucleases, which damage cellular structures,
including membranes, cytoskeleton, and DNA. Additionally, the
overproduction of reactive oxygen species (ROS) and nitric oxide
during the reoxygenation phase exacerbates oxidative stress, further
harming neuronal and glial cells. The ensuing inflammatory response,
characterized by the activation of microglia and the infiltration of
leukocytes, releases cytokines and chemokines that perpetuate tissue
damage.® The combination of excitotoxicity, oxidative stress, and
inflammation ultimately leads to apoptosis and necrosis of neural cells,
resulting in the characteristic neurological impairments associated
with HIE.” Understanding these mechanisms is crucial for developing
targeted therapeutic interventions aimed at mitigating neuronal
damage and improving clinical outcomes in affected individuals.

Causes of Hypoxic-Ischemic Encephalopathy

Systemic causes of cerebral hypoperfusion: Cerebral hypoperfusion
can arise from various systemic factors that compromise cerebral
perfusion pressure (CPP).2 One of the primary systemic causes is
systemic hypotension, where a significant drop in mean arterial
pressure results in reduced CPP, leading to decreased CBF.° Conditions
such as shock, severe dehydration, or hemorrhage can precipitate
systemic hypotension, further complicating cerebral perfusion.
Impaired cardiac output, due to cardiac conditions like myocardial
infarction, heart failure, or arrhythmias, also plays a critical role in
cerebral hypoperfusion.’ These conditions reduce the heart’s ability
to pump sufficient blood to the brain, thereby impairing oxygen and
nutrient delivery to neural tissues. Cardiac arrest, in particular, causes
an abrupt cessation of CBF, leading to global cerebral ischemia and
potential neurological damage." Additionally, the inappropriate use
or overuse of antihypertensive medications, sedatives, and anesthetics
can induce systemic hypotension, contributing to decreased cerebral
perfusion.’

Local vascular causes of cerebral hypoperfusion: Local vascular
factors are significant contributors to cerebral hypoperfusion, often
leading to focal reductions in blood flow to specific brain regions.
Obstruction of major cerebral arteries, commonly due to embolism or
thrombosis, is a primary cause of localized cerebral hypoperfusion.™
Conditions such as ischemic stroke and transient ischemic attacks
result from these obstructions, which reduce blood supply to affected
brain regions and cause neurological deficits. Severe atherosclerosis,
characterized by the buildup of plaques within the arterial walls, can
also lead to reduced CBF by narrowing the arteries and restricting blood
passage." Vasculitis, an inflammatory condition affecting blood vessels,
can further contribute to vessel narrowing and occlusion, exacerbating
the risk of cerebral hypoperfusion.’™ Furthermore, small vessel disease,
particularly prevalent in individuals with diabetes, leads to endothelial
dysfunction and damage to the microvasculature within the brain,
significantly impacting cerebral perfusion. The compromised integrity
of small blood vessels results in chronic cerebral hypoperfusion and
poses a risk for cognitive decline and neurodegenerative conditions.'
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Age-related and neurological factors in cerebral hypoperfusion: Age-
related changes in the cardiovascular and neurological systems also
play a critical role in the development of cerebral hypoperfusion. As
individuals age, structural and functional changes in the cardiovascular
system, such as increased arterial stiffness and reduced cardiac
output, can diminish CBF."” These changes lead to a decrease in the
brain’s ability to maintain adequate perfusion, contributing to the risk
of cerebral hypoperfusion in the elderly. Orthostatic hypotension, a
condition more prevalent in older adults, causes transient reductions
in CBF upon standing, increasing the risk of dizziness, falls, and
syncope.' Additionally, neurological conditions can impair the brain’s
autoregulatory mechanisms, increasing intracranial pressure (ICP) and
reducing CPP° The inability of cerebral vessels to adequately regulate
blood flow in response to changes in systemic blood pressure can
exacerbate the risk of hypoperfusion, leading to potential neurological
damage.” Understanding these age-related and neurological factors
is essential for developing targeted interventions to mitigate cerebral
hypoperfusion and its associated risks.

Clinical Manifestations

Cerebral hypoperfusion can lead to a range of clinical manifestations
depending on the severity, duration, and areas of the brain affected.
These manifestations can be acute or chronic and may vary from
transient mild symptoms to severe and lasting neurological deficits.?

Acutely, one of the primary manifestations is syncope, characterized
by a sudden and temporary loss of consciousness. This condition often
results from a significant, albeit brief, reduction in CBF, which can occur
in orthostatic hypotension or episodes of severe systemic hypotension.?!
Another acute manifestation is cognitive impairment, presenting as
acute confusion or delirium. This condition is marked by disorientation,
an inability to concentrate, and fluctuating levels of awareness,
attributable to transient cerebral hypoperfusion. Short-term memory
loss is also common in such scenarios where patients fail to recall recent
events due to compromised blood flow in the vertebrobasilar artery
system.?

Furthermore, focal neurological deficits, sensory changes, dizziness,
and vertigo, visual or speech disturbance, closely mimicking stroke
symptoms, are frequently observed in acute cases of inadequate
cerebral perfusion.?

In contrast, chronic manifestations of inadequate CBF are characterized
by more persistent and progressive conditions. Cognitive decline is a
major concern, with vascular dementia beinga prominent outcome. This
condition involves a gradual deterioration in cognitive function, marked
by memory impairment, executive dysfunction, and difficulties with
reasoning and planning, often due to chronic cerebral hypoperfusion
leading to small vessel disease.? Subcortical ischemic vascular disease,
associated with white matter lesions and lacunar infarcts, is another
chronic cognitive impairment linked to sustained hypoperfusion.?®
Chronic cerebral hypoperfusion can also lead to psychiatric symptoms,
including depression and anxiety, as it impacts brain regions involved in
mood regulation, such as the amygdala.?

Motor dysfunction is another significant chronic manifestation. Patients
may develop gait disturbances, characterized by impaired coordination
and walking difficulties often described as a “shuffling gait.” This is due
to chronic hypoperfusion affecting the basal ganglia and white matter
tracts. Parkinsonism, exhibiting symptoms such as bradykinesia, rigidity,



Cyprus ) Med Sci 2025;10(2):87-93

Ozlem Onder Challenges of Cerebral Hemodynamic Disorders and Hypoxic-Ischemic Encephalopathy

and tremors, can also develop over time with prolonged inadequate
blood flow to extrapyramidal motor control regions.”

Overall, these acute and chronic manifestations highlight the extensive
and varied impact that inadequate CBF can have on different bodily
systems and functions, necessitating timely and effective medical
interventions to mitigate these effects.

Diagnosis and Monitoring

Clinical examination: Early diagnosis of cerebral hypoperfusion is
critical for timely intervention and management. Key diagnostic tools
encompass a multidimensional approach aimed at promptly identifying
underlying causes and assessing the extent of CBF compromise.

The clinical examination of patients with HIE is a critical component
of the diagnostic process, offering essential insights into the severity
of cerebral injury and guiding immediate and long-term management
strategies. Upon initial assessment, the evaluation typically begins with
the determination of the patient’s level of consciousness using the
Glasgow Coma Scale (GCS), which quantitatively measures eye, verbal,
and motor responses.® A lower GCS score, particularly a score of 8 or less,
is indicative of severe neurological impairment and necessitates prompt
intervention.? In addition to GCS, the examination of brainstem reflexes,
including pupillary light reflexes, corneal reflexes, and oculocephalic
responses, provides important information about brainstem integrity.
Absent or asymmetric pupillary reactions, for instance, may suggest
extensive brainstem or midbrain damage due to hypoxia.*

Motor responses are closely evaluated for the presence of decerebrate
or decorticate posturing, both of which are associated with significant
brain injury. Decerebrate posturing, characterized by extension and
internal rotation of the arms and legs, typically indicates damage to the
brainstem, while decorticate posturing, with flexion of the upper limbs
and extension of the lower limbs, suggests injury above the level of the
red nucleus, such as in the thalamus or cerebral hemispheres.*" In the
acute phase, myoclonus, a form of involuntary muscle jerking, may also
be observed and is often associated with poor prognosis.*?

Cranial nerve examination indicates localized brain injury or diffuse
hypoxic damage. For instance, the presence of a unilateral cranial
nerve deficit, such as facial asymmetry or dysphagia, may point to
focal ischemic events secondary to HIE.* Furthermore, the presence
of spontaneous or reflexive eye movements, or the lack thereof, can
provide additional prognostic information; for example, absent
oculocephalic reflexes may signify extensive brainstem involvement.

In addition to neurological findings, a thorough systemic examination
is necessary to identify potential underlying causes of hypoxia, such as
cardiac arrest, respiratory failure, or severe hypotension, and to assess
for signs of systemic hypoperfusion or multiorgan dysfunction.*> Serial
clinical examinations are essential, as they allow for the monitoring
of neurological status over time, helping to track the progression or
resolution of HIE and to adjust therapeutic strategies accordingly.
The integration of clinical examination findings with laboratory,
neuroimaging, and electrophysiological studies forms the foundation
of comprehensive management in HIE, facilitating timely and appropriate
interventions aimed at optimizing neurological outcomes.*

Role of blood gas changes on cerebral perfusion: Blood gases,
including PaC0,, Pa0,, and pH, play pivotal roles in the regulation of

CBF. Alterations in these parameters can lead to significant changes,
impacting brain function and potentially leading to neurological
damage.”” Understanding these components and their significance in
hypoperfusion helps in diagnosing, managing, and monitoring a wide
range of clinical conditions, ensuring optimal care in patients with
cerebral hypoperfusion.®®

Arterial blood gas analysis (ABGa) provides direct measurements that
offer insights into the overall metabolic and respiratory functions.
Pulse oximetry allows continuous, non-invasive monitoring of oxygen
saturation, which is useful for detecting and managing hypoxemia in
real-time. While convenient, pulse oximetry may not always accurately
reflect Pa0,, particularly in cases of poor peripheral perfusion or carbon
monoxide poisoning.*

Hypoxemia stabilizes hypoxia-inducible factors (HIFs), which regulate
the expression of genes involved in adaptive responses to low oxygen,
such as angiogenesis, erythropoiesis, and metabolic shifts. Kaelin
et al.* the pioneer researchers in HIFs, have been awarded with the
Nobel Prize with the research decribing the important key proteins
and key enzymes that participate in oxygen sensing and compensating
pathways. HIFs have been maintaining their importance as an
attractive and feasible target of therapeutic interventions to prevent
the irreversible effects of acute or chronic hypoxemia.*

Hypercapnia induces various physiological changes that significantly
affect CBF. Carbon dioxide readily diffuses across the blood-brain
barrier (BBB) and combines with water to form carbonic acid,
which dissociates into hydrogen ions and bicarbonate. The increase
in hydrogen ions, acidosis, directly dilates cerebral blood vessels.
Hypercapnia-induced acidosis also affects cellular metabolism,
shifting the energy production from oxidative phosphorylation to
glycolysis, which is less efficient and produces lactic acid. Potassium
channels in cerebral blood vessels are activated by hypercapnia,
causing hyperpolarization of smooth muscle cells and resulting
in vasodilation. Hypercapnia-induced vasodilation can initially
enhance cerebral perfusion, potentially beneficial in conditions with
compromised CBF." However, excessive or prolonged vasodilation can
lead to increased intracranial pressure. Sustained hypercapnia may
cause cerebral edema and elevated ICP, which can risk herniation and
brainstem compression.?

Lactate has long been recognized as a marker of tissue hypoperfusion
and hypoxia.” During hypoperfusion, oxygen delivery to tissues is
insufficient to meet metabolic demands. Cells switch from aerobic to
anaerobic metabolism, resulting in increased lactate production. The
degree of lactate elevation correlates with the severity of hypoperfusion
and can guide therapeutic interventions. Elevated lactate levels in
CSF and blood may also reflect underlying mitochondrial dysfunction,
not solely hypoxia, providing insights into neuronal health.* Ischemic
stroke leads to localized cerebral hypoperfusion, causing rapid lactate
accumulation in the affected brain region. Monitoring lactate levels
during thrombolytic or endovascular therapy can provide insights
into reperfusion success and tissue viability.* During cardiac arrest,
the cessation of blood flow leads to global hypoxia and a rapid rise in
lactate levels. Elevated lactate levels persist after return of spontaneous
circulation (ROSC) due to ongoing tissue hypoxia and reperfusion
injury, generally. Lactate levels can be used as a guide to evaluate
the effectiveness of resuscitation efforts and the adequacy of oxygen
delivery post-ROSC.*
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Blood gas components interact with each other, and changes in one
parameter affect others. For example, respiratory acidosis often
prompts renal adjustments in bicarbonate levels, which is crucial for
the blood’s buffering system, maintaining pH within a narrow range.*’
Regular ABGa analysis is essential, particularly in intensive care settings
for patients on mechanical ventilation or those with respiratory or
metabolic disorders. Persistent or severe blood gas disturbances are
associated with poor neurological outcomes. Early recognition and
correction of these disturbances are crucial for improving patient
prognosis and preventing long-term brain damage.

Current and emerging techniques in neuroimaging and diagnostic
tools: Neuroimaging plays a role not only in the diagnosis, but also in
prognostication and management of HIE in adults by providing critical
insights into the extent and distribution of brain injury following
a hypoxic event. Among the neuroimaging modalities, magnetic
resonance imaging (MRI) is considered the gold standard for evaluating
HIE due to its superior sensitivity in detecting both acute and chronic
ischemic changes.”® Diffusion-weighted imaging (DWI) is particularly
valuable in the early detection of cytotoxic edema, which manifests
as hyperintense regions on DWI and corresponds to areas of acute
neuronal injury. These changes are often observed within hours of
the hypoxic insult, with the basal ganglia, thalamus, hippocampus,
and watershed areas being particularly vulnerable due to their high
metabolic demand.* Fluid-attenuated inversion recovery sequences
complement DWI by highlighting subacute and chronic ischemic
changes, including gliosis and encephalomalacia, which may develop
days to weeks after the initial event.>

As an emerging neuroimaging technique, functional MRI assesses brain
activity by measuring changes in blood oxygenation, providing insight
into the impact of HIE. It is being explored, along with diffusion tensor
imaging techniques, for its potential to assess microstructural changes
and functional connectivity disruptions in HIE.>'

In addition to conventional MRI sequences, advanced techniques such
as magnetic resonance spectroscopy (MRS) and perfusion MRI (pMRI)
provide further insights into the metabolic and hemodynamic status
of the brain. MRS allows for the non-invasive assessment of brain
metabolites, including lactate, N-acetylaspartate (NAA), and choline,
which can be altered in the context of ischemia. Elevated lactate levels
detected by MRS indicate anaerobic metabolism, a hallmark of hypoxic
injury, while reduced NAA levels suggest neuronal loss or dysfunction.>
PMRI, on the other hand, enables the quantification of CBF and volume,
providing crucial information about the adequacy of cerebral perfusion
and identifying areas at risk of further infarction. Regions with
significantly reduced perfusion are at higher risk of irreversible damage,
guiding decisions regarding potential therapeutic interventions.®

Newer approaches, like arterial spin labeling MRI, a non-contrast
method that magnetically labels inflowing blood to measure CBF,
are being explored as a safer alternative for detecting early perfusion
deficits in HIE patients, especially those with contraindications to
contrast agents.>*

Computed tomography (CT), although less sensitive than MRI, remains
an essential tool in the acute setting due to its widespread availability
and rapid acquisition. Non-contrast scans can identify early signs of
hypoxicbraininjury, such asthe loss of gray-white matter differentiation,
diffuse cerebral edema, and the presence of “reversal sign” or “white
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cerebellum sign,” which are associated with poor prognosis.®® CT
perfusion imaging, similar to MRI, provides insights into CBF and can
help differentiate between salvageable penumbra and infarcted core in
the ischemic brain.>

Electroencephalography (EEG) provides real-time assessment of cerebral
function and aids in both diagnosis and prognostication. In the acute
phase of HIE, EEG is particularly valuable for detecting subclinical
seizures, which are common in the context of diffuse brain injury but
may not manifest with overt clinical signs. The presence of seizures on
EEG is associated with further neuronal damage and can significantly
worsen outcomes if not promptly managed.* In addition to identifying
seizures, EEG patterns can reflect the severity of the encephalopathy.
For instance, the presence of periodic discharges, burst suppression
patterns, or generalized slowing on EEG often correlates with more severe
brain injury and poorer neurological outcomes. Burst suppression is
characterized by alternating periods of high-amplitude activity and flat
line or low-amplitude activity and, in particular, is typically indicative of
severe and often irreversible brain damage.”

Continuous EEG monitoring is frequently employed in the intensive
care setting to provide ongoing evaluation of brain activity in patients
with HIE, particularly those undergoing therapeutic interventions such
as hypothermia.® This continuous monitoring allows for the timely
detection and treatment of seizures and provides valuable information
on the evolution of the encephalopathy over time. The reactivity of the
EEG, defined as the ability of brain activity to change in response to
external stimuli, is another important prognostic indicator. An EEG that
lacks reactivity, especially in the absence of sedative medications, is
generally associated with a poor prognosis.” Beyond seizure detection,
quantitative EEG analysis, which involves the mathematical processing
of EEG signals to extract additional information, is increasingly being
explored for its potential to provide more nuanced prognostic data.*®

Evoked potentials (EPs) are valuable electrophysiological tools in the
assessment of HIE, offering objective measures of sensory pathway
integrity and brainstem function. Among the various types of EPs,
somatosensory evoked potentials (SSEPs) and brainstem auditory
evoked potentials (BAEPs) are most commonly employed in the context
of HIE.®" The prognostic value of EPs has been well-established, with
studies consistently showing that absent cortical responses on SSEPs,
particularly the N20 wave, are strongly predictive of poor outcomes in
comatose patients following cardiac arrest, a common cause of HIE in
adults. Similarly, the presence of prolonged latencies or the absence
of key waveforms in BAEPs suggests extensive brainstem injury and
is correlated with a higher likelihood of adverse outcomes, including
persistent vegetative state or death.®

Biomarkers are emerging as valuable tools in the diagnosis,
prognostication, and management of HIE in adults, offering the
potential to detect brain injury at the molecular level and predict
outcomes with greater accuracy. Among the most studied biomarkers
in HIE are neuron-specific enolase (NSE), S100B protein, and glial
fibrillary acidic protein (GFAP).® NSE is often elevated in correlation
with the extent of brain damage and poor neurological outcomes
in HIE patients. Measuring NSE levels in serum within the first 24 to
48 hours post-injury offers valuable prognostic information, aiding
in the identification of patients who may benefit from aggressive
neuroprotective therapies.*
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S100B protein, primarily expressed by astrocytes, serves as a biomarker
for glial cell damage and BBB disruption. Elevated serum S100B levels
are associated with the severity of brain injury in HIE, with higher
concentrations predicting a higher risk of death or severe neurological
impairment; and its combination with other biomarkers or clinical
parameters improves long-term prognostic accuracy.®

GFAP, an intermediate filament protein specific to astrocytes, is
released into the bloodstream following astroglial injury and has
emerged as a promising early biomarker for brain injury in HIE. Its
elevated levels are useful in distinguishing between traumatic and
non-traumatic brain injuries and in assessing the severity of diffuse
axonal injury. Studies show that high GFAP levels within hours of
the hypoxic event strongly predict poor neurological outcomes,
highlighting its clinical utility.%

In addition to these established biomarkers, ongoing research is
exploring the role of other molecules, such as microRNAs, interleukins,
and oxidative stress markers, in the pathophysiology of HIE.®” These
novel biomarkers may provide further insights into the mechanisms
of brain injury and recovery, potentially leading to the development
of targeted therapeutic strategies. The integration of biomarker
analysis with other diagnostic modalities, such as neuroimaging and
electrophysiological studies, offers a more comprehensive approach to
the management of HIE, enabling personalized treatment plans that
are tailored to the specific needs of each patient.

Cerebral oximetry, a non-invasive technique using near-infrared
spectroscopy to measure regional cerebral oxygen saturation, is
becoming increasingly important in managing HIE in adults. It offers
a real-time assessment of cerebral oxygenation, directly monitoring
brain tissue oxygenation, unlike traditional systemic measures.®
During therapeutic hypothermia, cerebral oximetry helps maintain safe
oxygenation levels, reducing the risk of hypoxic episodes or reperfusion
injury.® However, it mainly measures cortical oxygenation and can be
influenced by factors like scalp edema and sensor placement, requiring
careful interpretation. As technology advances, cerebral oximetry is
expected to play an even greater role in neurocritical care, despite its
current limitations.”® Additionally, cerebral oximetry can be integrated
with other monitoring modalities, such as EEG and ICP monitoring,
to provide a comprehensive assessment of cerebral function and
guide tailored interventions.”" Despite these challenges, as technology
advances and more research is conducted, the role of cerebral oximetry
in HIE is likely to expand, further solidifying its place in neurocritical
care.

Current and Emerging Treatments

In adults, the management of HIE focuses on limiting brain
injury and promoting recovery through various pharmacological
and neuroprotective strategies. One of the primary treatments
under investigation is therapeutic hypothermia, which has shown
success in neonates and is being explored for adult patients.”? This
approach involves cooling the body to reduce metabolic demand
and inflammation, thereby mitigating brain damage.’® Additionally,
antioxidants such as N-acetylcysteine and edaravone are studied for
their potential to reduce oxidative stress, a critical factor in neuronal
injury following ischemic events.”

Anti-inflammatory drugs also play a significant role in HIE
management. Minocycline, for instance, has demonstrated promise

in reducing microglial activation and inflammation, which are key
contributors to secondary brain injury.* Another critical area of focus is
the prevention of glutamate excitotoxicity, a process in which excessive
glutamate causes neuronal death. N-methyl-D-aspartate receptor
antagonists like memantine are being investigated for their ability
to counteract this mechanism. Similarly, calcium channel blockers
such as nimodipine, traditionally used to manage subarachnoid
hemorrhage, are considered for their potential to reduce calcium-
mediated neuronal injury in HIE.”

In terms of neuroprotective strategies, erythropoietin has emerged
as a potential therapeutic agent due to its anti-apoptotic and anti-
inflammatory properties, which extend beyond its role in stimulating
red blood cell production.* Stem cell therapy is another promising
approach, with mesenchymal stem cells and neural stem cells showing
potential in repairing and regenerating damaged brain tissue, although
this field remains largely experimental. Growth factors, including
insulin-like growth factor 1 and brain-derived neurotrophic factor, are
also being explored for their roles in enhancing neuronal survival and
promoting regeneration.”

Emerging therapies such as exosome-based treatments and
preconditioning strategies are gaining attention in the scientific
community. Exosomes, which are small vesicles that carry proteins,
lipids, and RNAs, are being researched for their ability to deliver
neuroprotective agents to the brain. Ischemic preconditioning, where
brief episodes of sub-lethal ischemia are induced to build resistance to
more severe ischemic insults, represents another innovative approach
under investigation.®” Furthermore, gene therapy offers a cutting-edge
strategy by potentially enhancing the expression of protective genes or
suppressing harmful ones in the context of HIE.”®

The integration of combination therapies is a growing area of interest,
as combining different pharmacological agents with neuroprotective
strategies may yield better outcomes for patients. Although many of
these strategies are still in experimental stages, they represent the
future of HIE management, aiming to improve neurological recovery
and reduce long-term disabilities associated with this condition.

CONCLUSION

Cerebral hypoperfusion is a critical condition with far-reaching
implications for brain health. Effective management of cerebral
hypoperfusion requires a comprehensive, multidisciplinary approach
that addresses both acute and long-term needs. Early diagnosis and
prompt intervention are critical to minimizing neuronal damage and
improving outcomes. Advances in imaging techniques, neuroprotective
therapies, and personalized medicine hold promise for enhancing
the management of cerebral hypoperfusion in the future. Ongoing
research is needed to better understand the pathophysiology of
cerebral hypoperfusion, identify novel biomarkers, and develop
targeted therapies. Integrating emerging technologies such as artificial
intelligence and machine learning into clinical practice may improve
the accuracy of diagnosis and the precision of treatment strategies.

MAIN POINTS

* Due to the brain’s high metabolic demands, cerebral hypoperfusion
rapidly leads to irreversible neurological damage, and chronic
hypoperfusion contributes to vascular dementia and motor
dysfunction, resulting in long-term complications.

91 .



Ozlem Onder Challenges of Cerebral Hemodynamic Disorders and Hypoxic-Ischemic Encephalopathy

Cyprus ) Med Sci 2025;10(2):87-93

Disruptions in cerebral perfusion set the stage for progressive
neurological deterioration, bridging acute deficits with chronic
neurodegeneration.

Multimodal neurodiagnostics, including advanced imaging
techniques and electrophysiological assessments, alongside
emerging biomarkers, provide a comprehensive framework for
detecting hypoxic brain injury, prognosticating outcomes, and
guiding therapeutic interventions.

Neuroprotective  interventions, ranging from therapeutic
hypothermia and anti-inflammatory strategies to emerging
stem cell and genetic therapies, hold transformative potential in
mitigating neuronal injury and enhancing long-term recovery in
hypoxic-ischemic encephalopathy.

Footnotes

Financial Disclosure: The author declared that this study had received
no financial support.
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