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Abtract

The prevention of strokes is crucial for healthcare, as it can significantly reduce morbidity, disability, and mortality rates. One important
aspect of stroke prevention is the use of reconstructive and revascularization procedures on the carotid arteries, which are However, a major
complication of carotid endarterectomies (CEA) is cerebral hyper perfusion syndrome (CHS), which can lead to fatal consequences in some
patients. The pathophysiology of this condition is not fully understood, and there is currently no established diagnostic. criteria or optimal
hemodynamic management for preventing CHS after carotid revascularization. In this mini-review, we address the current challenges

surrounding CHS in the context of a vascular centre.
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Introduction
Pathogenesis of Cerebral Hyperperfusion Syndrome

Preventing strokes is crucial in practical healthcare due to the
rising rates of morbidity, disability, and mortality associated with
this condition. One important aspect of prevention is the use of
reconstructive and revascularization procedures in the carotid
artery territory [1]. The number of carotid endarterectomies
(CEA) performed annually in specialized clinics has been steadily
increasing. According to statistics, approximately 100,000-
150,000 of these operations are performed each year in the
United States [2,3].

Cerebral hyperperfusion syndrome (CHS) is a potentially
dangerous complication that
revascularization and reconstruction of precerebral vessels. The
first definition of this condition was given by Sundt in 1981.
According to Sundt, CHS is a condition that results from an increase
in cerebral blood flow after surgery, exceeding the metabolic
needs of the brain [4]. The classic clinical manifestations of CHS
include a triad of symptoms: ipsilateral headache, often in the
orbital region, of a migraine nature, epileptic seizures, and local
neurological symptoms that occur in the absence of cerebral
ischemia (Figure 1) [5,6]. This definition is widely accepted by

can occur after cerebral

most authors.

According to current literature, carotid endarterectomy
is considered the most effective treatment for symptomatic
moderate to severe carotid artery stenosis [7]. However, it is
important to note that CHS can occur in a significant percentage
of patients undergoing this procedure, ranging from 0.4% to 7.7%
[8-10]. This wide range can be attributed to differences in clinical
inclusion criteria and sample size. For instance, studies have
shown that headaches occur in 62% of patients, but most of these
cases (78%) are classified as mild or moderate [11].

Although spontaneous carotid dissection was initially
described as a complication of carotid revascularization, it has
now also been reported in patients with acute stroke [12]. The
criteria for diagnosing CHS in a patient include a combination
of new clinical symptoms, radiological signs of hyperperfusion,
and/or the presence of intracerebral hemorrhage within 30
days after manipulation of the carotid arteries or intracranial
vessels [13,14]. In a 2011 meta-analysis, Bouri et al proposed
four criteria to standardize the classification of CHS after carotid
endarterectomy: (1) presentation within 30 days after CEA, (2)
presence of radiographic evidence of cerebral hypoperfusion, (3)
clinical symptoms such as changes in headache patterns, seizures,
hemiparesis, the Glasgow Coma Scale (GCS) <15, or radiological
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evidence of cerebral edema or intracerebral hemorrhage, and
(4) absence of evidence of new ischemic stroke, postoperative
carotid occlusion, and identified metabolic or physiological
causes (Figure 2) [14]. Edema associated with CHS is generally
considered reversible, but the prognosis is worse when CHS is
associated with intracerebral hemorrhage. This can result in
partial disability for approximately 30% of patients and mortality
for another 50% [15]. The main risk factors for developing CHS
or intracranial hypertension after CEA include postoperative
hypertension (systolic blood pressure >180 mmHg), a history
of coronary artery disease, contralateral stenosis >70%, and
a recent ipsilateral stroke within the past month [12,13,16].
Previous studies have also suggested that preventing CHS is best
achieved through appropriate blood pressure control, timing
of CEA in relation to transient ischemic attack or stroke, and
careful selection of the anesthetic, considering its effect on the
intracerebral vasculature [6,13,15].

Cerebral vasoconstriction is a normal physiological response
under certain conditions that helps maintain normal cerebral
blood flow [17,18]. However, in certain cases, such as patients
with ipsilateral stroke, contralateral carotid artery stenosis =
70%, arterial hypertension in the early postoperative period, and
reduced cerebral vasoreactivity, this response can pose a high risk
[13,19].

The main mechanism of CHS is the excessive flow of blood
into the brain after revascularization or reconstruction of the
internal carotid artery (ICA), which exceeds the brain’s metabolic
needs. However, not all patients who experience hyperperfusion
will develop this syndrome [20,21]. The primary risk factors
for CHS are perioperative arterial hypertension and impaired
autoregulation of cerebral blood flow. Under normal conditions,
cerebral autoregulation mechanisms maintain a constant
perfusion pressure by dilating or constricting arterioles. In cases

of ICA stenosis or occlusion, compensatory arteriolar expansion
occurs due to a decrease in perfusion pressure [1,22,23]. Clinical
symptoms may arise when the volumetric blood flow velocity
exceeds the preoperative level, typically by 100%. However,
there have been reports of CHS with less significant increases
in volumetric blood flow velocity in the literature. For example,
Belyaev et al. found that CHS developed with a 48% increase in
volumetric blood flow velocity compared to the initial level [24].

According to Krainik et al, clinical manifestations develop
when there is a 30-50% increase in the volumetric velocity of
cerebral blood flow compared to the initial level. In the absence
of ischemia, blood flow reaches its maximum on the first day
after surgery and returns to normal by 4-5 days. However, in
cases of chronic hypoperfusion, this process can take up to 7 days
[25]. Some authors suggest that during chronic hypoperfusion,
cerebral metabolism decreases and the ability to constrict is lost
for up to 4 weeks, resulting in reduced reactivity to carbon dioxide
[14]. During ischemia, oxygen free radicals accumulate, leading
to oxidative stress in the brain. This also triggers the production
of pro-inflammatory cytokines (such as interleukins IL-1, IL-6,
and tumor necrosis factor alpha) [26]. Inflammatory mediators
are produced as a result of ischemia, causing endothelial
dysfunction and increasing the permeability of the vascular wall.
Additionally, nitric oxide is produced during ischemia, which
acts as a vasodilator and further increases vascular permeability
[20,27,28]. Arterial hypertension is another factor that can
increase cerebral vascular permeability, leading to oxidative
stress and the production of pro-inflammatory cytokines, even in
the absence of ischemia [29]. Naylor defines hyperperfusion as
reactive hyperemia after the start of blood flow [21]. Ultimately,
the morphological substrate of cerebral hyperperfusion syndrome
is cerebral edema and hemorrhage due to increased vascular
permeability [25,30,31].
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Figure 1: Classic clinical manifestations of cerebral hyperperfusion syndrome.
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One important task in clinical work is the early recognition
of subcortical hemorrhage, as cerebral edema in the initial
stages is reversible. However, as the process progresses,
particularly with hemorrhagic transformation of the lesion, the
prognosis becomes less favorable. Up to 30% of patients may
remain partially disabled, and the mortality rate can reach 50%
[32,33]. Additionally, patients may experience transient mental

disorders and hemorrhagic complications [1,34]. Those with
a history of transient ischemic attack or stroke, who require
urgent intervention or postoperative intravenous blood pressure-
lowering medications, or who are being treated for complete
occlusion are at a higher risk for developing CHS. To prevent this
complication in high-risk patients, some authors suggest using an
angiotensin-converting enzyme inhibitor [35].

Criteria for standardizing the
classification of cerebral hyperperfusion
syndrome after carotid endarterectomy,
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Figure 2: Criteria for standardizing the classification of CHS after carotid endarterectomy according to Bouri et al, 2011.
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According to K. Ogasawara et al,, intracerebral hemorrhages
are a rare complication of chronic cerebral hypoperfusion after
reconstructive surgery on the carotid arteries [36]. In their study,
Galyfos et al. did not find statistically significant differences
in the incidence of intracerebral hemorrhage after carotid
endarterectomy and carotid artery stenting [16].

Conclusion

With the advancement of technology, manipulation of the
carotid arteries has become more common. However, carotid
revascularization can lead to a serious complication known
as cerebral hyperperfusion syndrome. To reduce the risk of
morbidity and mortality, it is important to remain vigilant and
take preventive measures. The exact cause of CHS is not fully
understood, but it is believed to be related to increased cerebral
blood flow and impaired cerebral autoregulation, particularly in
areas where the blood-brain barrier is disrupted. Additionally,

15(4): 555918. DOI: 10.19080/0A]S.2024.15.555918

baroreceptor dysfunction during carotid artery surgery may also
contribute to the development of CHS.

Currently, there is no consensus on the target blood pressure
to prevent cerebral hyperperfusion syndrome. It is possible
that CHS shares a similar pathophysiological mechanism with
hypertensive encephalopathies, which involve damage to the
arteriolar endothelium, cerebral vasoconstriction, blood-brain
barrier disruption, cerebral edema, and sometimes intracerebral
hemorrhage, all of which can be fatal. Despite ongoing research,
the pathogenesis of these syndromes is still not fully understood.
It is likely that genetic and molecular factors, as well as individual
characteristics of the patient, play a role in the development of
CHS. Therefore, further research is needed to better understand
and characterize these syndromes. Additionally, future studies
should focus on developing diagnostic criteria and determining the
best hemodynamic management after carotid revascularization to
prevent cerebral hyperperfusion syndrome.
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