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ABSTRACT 
 

Carotid endarterectomy and carotid artery stenting are the standard therapies for the prevention of stroke in patients with 

significant carotid artery disease. Cerebral hyperperfusion syndrome (CHS) is a rare complication that may occur following 

either technique. This syndrome can develop at any time, from immediately after surgery to up to a month later. The causes 

appear to be impaired cerebral autoregulation and postoperatively elevated systemic blood pressure. CHP causes headache, 

nausea, vomiting, confusion, macular edema, visual disturbance and focal motor seizures and intracerebral or subarachnoid 

hemorrhage. In this review, the definition, causes, diagnosis and treatment options of CHS are discussed. 
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1. DEFİNİTİON 
Cerebral hyperperfusion syndrome (CHS) is  defined as ipsilateral frontotemporal or periorbital headache, nausea, vomiting, 

confusion, macular edema, visual disturbance, and diffuse, and it is also characterized by focal motor seizures and intracerebral or 

subarachnoid hemorrhage. Cerebral hyperperfusion syndrome (CHS) is a condition that can often be seen after carotid 

endarterectomy (CEA) or carotid artery balloon/stent intervention (CAS). The underlying pathophysiological mechanism is thought 

to be the uneven distribution of cerebral blood flow. Although most patients who develop SHS show mild symptoms and signs, if 

this syndrome is not diagnosed in time and adequately treated, it may progress to severe and become life-threatening. 

 

Because SHS is based on many nonspecific signs and symptoms, patients may be misdiagnosed. Therefore, information on SHS 

among physicians is limited. 

 

2. HİSTORY 
Spetzler et al. In 1978, he first reported the development of CHS, including intracerebral hemorrhage, following surgical resection 

of the arteriovenous malformation (1). They attributed this to the loss of autoregulation in the surrounding normal brain tissue due 

to the occlusion of large A-V fistulas. Later, Sundth et al. First defined the triad of ipsilateral frontal headache, transient focal 

seizures, and intracerebral hemorrhage after CEA as CHS (2). CHS was also defined for other procedures in which cerebral blood 

flow increased. Most of the reports on CHS are post-CEA, but there have been many publications reporting the development of 

CHS after CAS (3–5). 

 

3. EPİDEMİOLOGY 
Hyperperfusion syndrome is a known complication of carotid artery revascularization and AVM treatment and occurs with edema 

and/or hemorrhage due to the sudden normalization of blood flow in the cerebral tissue accustomed to low perfusion (12,13). CHS 

is seen in 0.4–7.7% of patients who underwent CEA (6–8). The reason why this range is so wide is the difficulties and hesitations 

in diagnosing CHS. Another reason is that cerebral blood increase is not 100% of the baseline value in all patients, so patients show 

symptoms and signs of moderate perfusion increase. CHS can occur at any time in the first 28 days after carotid endarterectomy but 

often occurs in the first few hours to a few days (9). It is known that the risk of cerebral hyperperfusion develops more frequently 

in the patient group where carotid artery stenosis is more than at least 80-90%. After CEA, most patients experience a 20–40% 

increase in ipsilateral cerebral blood flow within a few hours.  Severe hyperemia occurs with the increase of cerebral blood flow, 

which can be maximum on days and 100–200% of the basal value, which can last for a long time. This condition usually occurs   

postoperatively in 6-7 days. It usually returns to normal in 1–2 weeks (10). 

 

4. PHYSİOPATHOLOGY 
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As a result of the effects of carbon dioxide and cerebral autoregulation, cerebral blood flow is maintained in the range of 60–160 

mmHg. While carbon dioxide is mainly effective on arteries with a diameter of less than 0.5–1 mm in the cerebral system, it is not 

effective on arteries with a diameter greater than 2–5 mm, such as the carotid artery (11). Cerebral autoregulation has myogenic and 

neurogenic components. In myogenic autoregulation, Increased intravascular pressure, depolarization of vascular smooth muscle 

cells, and increased systemic blood pressure result in vasoconstriction of small arterioles. When blood pressure exceeds the limit of 

myogenic autoregulation, existing autoregulation in large arterioles and small arteries becomes dependent on sympathetic autonomic 

innervation in the adventitia (12). 

 

CHS is thought to result from a defect in the autoregulation mechanism related to cerebral blood flow. As a result of severe stenosis 

in the carotid arteries, vasodilation develops in the more distal vessels due to an autoregulatory mechanism in order to ensure 

adequate blood flow. If the blood flow above normal pressure is restored, the autoregulatory mechanism cannot restore equilibrium 

for a moment, leading to hyperperfusion in tissues that had previously developed hypoperfusion. This dysfunction at the 

microvascular level affects the blood-brain barrier. Extravasation occurs due to the osmotic effect of serum proteins. In many cases, 

microvascular dysfunction results in cerebral hemorrhage (13–15). One of the possible mediators of impaired autoregulation in CHS 

is nitric oxide, which leads to vasodilation and increased permeability of cerebral vessels. Free oxygen radicals are produced during 

CEA, even if the cross-clamp time is minimal. These free radicals cause damage to the cerebral vascular endothelium and lead to 

postoperative CHS. The use of free radical scavengers can prevent CHS (16-20). Another important factor is blood pH. Some acid-

base protocols used during CPB result in increased cerebral perfusion, which indicates impaired autoregulation (21). Increases in 

carbon dioxide concentration in the postoperative period may worsen hyperperfusion due to impaired autoregulation. Impairment 

of baroreceptor reflexes may be related to the development of CHS. Baroreceptor reflexes act as buffers for acute changes in 

systemic blood pressure. Impairment of baroreceptor reflexes may occur in situations where receptor denervation occurs, as in the 

CEA process. Impairment of baroreceptor reflexes accompanied by hypertension may increase cerebral perfusion (22). 

 

5. POTENTİAL RİSK FACTORS FOR SHS 
Many conditions can be predisposing factors for SHS. Decreased cerebrovascular reserve, postoperative hypertension, and 

hyperperfusion from a few hours to a few days after CEA, previous stroke, In addition to severe internal carotid artery stenosis, 

concomitant contralateral tight carotid artery stenosis, preoperative and postoperative hypertension, a significant increase in 

ipsilateral peak middle cerebral artery flow velocity in the postoperative period are the most critical risk factors for the development 

of CHS. Patients with low preoperative cerebral blood flow and decreased cerebrovascular reserve are at the highest risk for the 

development of prolonged postoperative hyperperfusion. Control of blood pressure in the postoperative period is essential for the 

control and management of SHS. 

 

6. IMAGİNG TECHNİQUES FOR SHS 
Computed tomography, magnetic resonance, and transcranial doppler are frequently used tests in the diagnosis of preoperative 

cerebral hypoperfusion and/or preoperative or postoperative hyperperfusion. 

 

1-Computed Tomography (CT): If it is performed in the early period when CHS symptoms develop after CEA, the findings may be 

as expected. CT anomalies of CHS are diffuse or limited white matter edema, mass effect, petechial or massive hemorrhage on the 

same side as CEA. Due to the sparse sympathetic innervation of the vertebrobasilar system, edema in the white matter mainly 

involves the posterior parietal-occipital region (23). 

 

2-Magnetic resonance (MR): It is more sensitive than CT in detecting ischemic changes, and preoperative MR can visualize 

angiography and carotid and cerebral arteries. Even if the MRI findings taken in the postoperative period are normal, it does not 

exclude CHS that will occur after CEA. White matter edema, focal infarction, and local or more extensive hemorrhage, mainly 

involving the posterior parietal, and occipital region, can be detected on MRI (24). 

 

3-Transcranial Doppler: Transcranial Doppler measures the cerebral blood flow velocity in the middle cerebral artery (ASM). With 

the direct and real-time measurement of the flow in this artery, information is obtained about preoperative cerebral hypoperfusion, 

cerebrovascular reactivity, postoperative hyperperfusion, and embolism after CEA. In patients who develop CHS, while the velocity 

increases by 150-300% in the ipsilateral arteria cerebri media (ACM) on transcranial Doppler, the hyperperfusion picture returns to 

normal when the systolic blood pressure returns to normal with clinical improvement. Transcranial Doppler shows that time is 

needed for the adaptation of autoregulation, which is usually six weeks. Decreased flow velocity, pulsatile index, and 

cerebrovascular reactivity preoperatively are associated with hyperperfusion that may develop postoperatively (25,26). 

 

4-Single-photon-emission CT: It can detect preoperative cerebral blood flow reserve and postoperative hyperperfusion. Persistence 

of hyperperfusion on single photon emission CT between the 1st and 3rd postoperative days may indicate that the patient is at risk 

of CHS (27). 

 

5-Transcranial regional cerebral-oxygen-saturation monitoring: An increase in regional cerebral oxygen saturation is a sign of 

increased cerebral blood flow when cerebral oxygen consumption and blood oxygen saturation are stable. After CEA, a strong 

correlation was found between increased transcranial regional cerebral oxygen saturation and cerebral blood flow when compared 

with single-photon-emission CT findings, the sensitivity, and specificity of transcranial regional cerebral oxygen saturation for 

detecting hyperperfusion after CEA was found to be 100% (28). 
 

6-Ocular Pneumoplethysmography: Ocular blood flow is a good indicator of cerebral blood flow, and ocular 

pnomoplethysmography is an easy and fast test. In patients at risk for SHS, postoperative ocular blood flow increases by more than 

204% (29). 
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7. PREVENTİON OF CHS 
Intracerebral hemorrhage that may develop in relation to SHS is a sign of poor prognosis. Therefore, precaution is vital. Monitoring 

and regulating blood pressure is very important in the perioperative period. In some cases, it is recommended to be below average. 

If the operation is performed as early as 3-4 weeks after cerebral infarction, the risk of intracerebral hemorrhage increases (4). Since 

the agents used in general anesthesia have different effects on cerebral blood flow and autoregulation, their dose and type should be 

chosen carefully. High-dose volatile halogenated hydrocarbon anesthetics can cause SHS (30). Isoflurane is a volatile anesthetic 

with the least vasodilator effect compared to other equal-dose halogenated anesthetics used in neurological operations. In high doses, 

it has a negative impact on autoregulation. Nitrous oxide causes minimal increases in cerebral blood flow, intracranial pressure, and 

cerebral blood volume. It has no effect on autoregulation at concentrations less than 70%. However, if combined with isoflurane, it 

increases the concentration of isoflurane. Propofol has been used in patients with CHS due to its effect on cerebral metabolism, and 

it has been found to normalize cerebral blood flow (31–34). 

 

8. TREATMENT 
Because SHS symptoms often occur due to high blood pressure, researchers recommend tight regulation of blood pressure. Some 

drugs that do not directly affect blood flow and have a vasoconstrictive impact may be theoretically advantageous. For this reason, 

many medications, such as direct-acting vasodilators and calcium channel blockers used in blood pressure regulation, are 

contraindicated in this regard. While ACE inhibitors protect cerebral blood flow after a single dose, they increase cerebral blood 

flow despite lowering blood pressure in chronic use. Angiotensin II receptor blockers are limited due to their long half-life and 

inability to be used intravenously (35). 

 

Beta-blockers can lower blood pressure with minimal effect on intracranial pressure and can therefore be used in hypertensive 

patients with brain injury. The combined use of alpha-blockers and beta-blocker labetalol does not directly impact cerebral blood 

flow and reduces cerebral perfusion pressure and mean blood pressure by 30%, so it is successfully used in SHS (36). Since 

hypertension after CEA is associated with increased cranial and plasma catecholamine levels, treatment should also include centrally 

acting sympatholytic agents. Clonidine, an alpha agonist agent, is widely used because it lowers mean blood pressure, heart rate, 

and cardiac output through its vasorelaxant effect. Since this agent reduces cerebral blood flow and protects the baroreceptor 

sensitivity of the brain stem, it also finds use (37). In conclusion, labetalol and clonidine are the most common agents used in treating 

hyperperfusion in SHS, while others may worsen the situation. 

 

The duration of treatment varies from patient to patient. Some doctors treat their patients for up to 6 months after surgery, while 

others continue until the signals recorded by the transcranial Doppler from both hemispheres are equal. Therefore, it is suitable for 

monitoring transcranial Doppler hyperperfusion. After the hyperperfusion has disappeared and blood pressure has returned to 

normal, patients are protected from secondary cardiovascular risks. 

 

9. PROGNOSİS 
Prognosis depends on the timing and accuracy of diagnosis and treatment. While most patients diagnosed and treated in the early 

period recover, up to 30% of patients with severe SHS or diagnosed late do not benefit from treatment, and 50% die. Therefore, 

although intracerebral hemorrhage is rarely seen in CHS, it often has devastating results (38,39). 

 

10. CONCLUSİON 
One of the complications that will develop after CEA is CHS. CHS is a pathology typically ipsilateral after cerebral revascularization 

and presents with headache, neurologic deficit, seizure, or intracerebral hemorrhage; and can be diagnosed more than 100% with 

transcranial Doppler and single photon emission CT and MRI. Delay in the application makes it difficult to recognize this pathology 

in the late period. Many risk factors trigger the development of CHS, such as decreased cerebrovascular reserve, postoperative 

hypertension, and hyperperfusion that extends from a few hours to a few days after CEA. Preoperative risk factors, clinical findings, 

and diagnostic methods do not 100% exclude the development of postoperative hyperperfusion and CHS. Therefore, it is necessary 

to be very careful and alert in the postoperative period. Despite some limitations, transcranial Doppler and single photon emission 

CT can be used in preoperative and postoperative patients. It can be used to diagnose CHS. After diagnosing hyperperfusion, 

perioperative and postoperative blood pressure regulation is important. Clonidine and labetalol are best drugs for blood pressure 

regulation. 
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