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Abstract

Cerebral ischemia is the pathophysiological condition in which the oxygenated cerebral blood flow is less than 
what is needed to meet cerebral metabolic demand. It is one of the most debilitating complications in the perioperative 
period and has serious clinical sequelae. The monitoring and prevention of intraoperative cerebral ischemia are 
crucial because an anesthetized patient in the operating room cannot be neurologically assessed. In this paper, we 
provide an overview of the definition, etiology, risk factors, and prevention of cerebral ischemia during surgery.
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Introduction

The brain is a small organ constituting about 2% of 
body weight, yet it disproportionately receives about 
12% of cardiac output[1]. Cerebral blood flow is rigor-
ously regulated to ensure that the supply of metabolic 
substrates matches consumption, and to resist potential 
adverse effects of systemic physiological derangements 
such as hypotension[2]. Despite rigorous regulatory mech-
anisms, cerebral ischemia can still occur during surgery. 

In clinical practice, the terms "cerebral ischemia" 
and "ischemic stroke" are often used in an interchange-
able manner. However, the distinction between these 
two terms is important, as the former indicates the 
potential for injury while the latter indicates that injury 
has occurred. Moreover, not every episode of cerebral 
ischemia leads to stoke, especially symptomatic strokes 
with imaging evidence. 

Maintaining adequate cerebral blood flow in relation-
ship to the cerebral metabolic activity is an important 

goal during the anesthesia care of surgical patients. The 
purpose of this paper is to provide an overview of cere-
bral ischemia in the perioperative setting.  

Defining cerebral ischemia: 
pathophysiology and consequences

Cerebral ischemia is a pathophysiological condition 
in which the perfusion of oxygenated blood to the brain 
is inadequate to meet the metabolic demands, either 
because flow is reduced or stopped or less  frequently 
because of substantial increases in  metabolism. The 
brain is sensitive to ischemia because it is devoid of 
oxygen stores and has high oxygen requirements. The 
complete interruption of cerebral blood flow leads to 
unconsciousness in as short a time as 10 to 20 seconds, 
and is accompanied by an isoelectric EEG[3]. 

Cerebral ischemia is conceptually different from 
its potential clinical consequences. The clinical con-
sequences of cerebral ischemia can be categorized as: 
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1) overt stroke with clinical signs and symptoms and 
corresponding imaging evidence[4], 2) covert strokes 
that are clinically silent or asymptomatic but apparent 
on imaging[4], 3) clinically subtle but consequential 
sequelae, with no typical symptoms/signs and no imag-
ing evidence of injury but detectable based on adverse 
changes in intellectual and cognitive function[5], and 4) 
inconsequential or no sequelae,with no changes detect-
able on either functional, radiological, or cognitive 
testing.

Therefore, an episode of cerebral ischemia may 
or may not result in an injury that is clinically diag-
nosable based on conventional criteria. Thus, cer-
ebral ischemia during surgery should be treated as 
a distinctive pathophysiological entity for the pur-
poses of prevention, early diagnosis, and timely 
intervention.

Etiologies and risk factors of cerebral 
ischemia

Cerebral ischemia can be categorized into three 
types according to its cause: thrombotic, embolic, 
and hemodynamic (hypoperfusion-related)[6-7]. It 
can also be categorized into two types based on the 
extent of the ischemic area: focal ischemia and global 
ischemia[8-9]. Focal ischemia involves a small portion 
of the brain that is perfused by a branch of a cerebral 
artery. In contrast, global ischemia affects the whole 
brain. Focal ischemia is usually caused by thrombosis 

or embolism in a distal cerebral artery, while global 
ischemia is a result of generalized cerebral blood 
flow reduction secondary to severe physiological 
derangements such as hypotension or cardiac output 
reduction. Global cerebral ischemia can be further 
categorized as "complete" if there is no blood flow 
such as in cardiac arrest, or "incomplete" when there 
is a trickle of blood flow such as in profound hypo-
tension (Fig. 1).

The risk factors for perioperative cerebral ischemia 
can be categorized into co-morbidities especially those 
affecting cerebral perfusion, physiological disturbances 
such as hypotension and reduced cardiac output, and 
surgeries such as those involving carotid and intrac-
ranial arteries (Table 1). The combination of surgery 
and anesthesia are independent risk factors for cerebral 
ischemia, with a four-fold increase in risk compared 
to the preoperative period[10]. Systemic inflammation, 
as measured by the levels of IL-1, IL-6, and TNF-α, is 
also a risk factor implicated in the facilitation of cere-
bral ischemia[11-12]. 

Incidence of perioperative cerebral ischemia

The true incidence of perioperative cerebral ischemia 
is difficult to quantify. First, there is no universally 
accepted definition of the perioperative period. An 
expert consensus statement recommended using 30 
days after surgery as the end point of the perioper-
ative period[13]. In addition, although the in-hospital 
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Fig. 1  Etiologies of cerebral ischemia
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incidence of overt stroke is reported, the incidence of 
stroke that occurs at home after discharge is unknown. 
By definition, the incidence of covert stroke is impossi-
ble to assess without routine postoperative brain imag-
ing. Similarly, subtle neurocognitive impairments if 
that are the result of cerebral ischemia require sophisti-
cated testing that is not routinely used.

Despite these limitations, the perioperative incidence 
of stroke has been reported. The overall incidence of 
stroke after cardiovascular surgery is estimated to be 
2.0% to 10.0%[14]. The incidence of perioperative stroke 
after non-cardiac and non-neurologic surgeries is esti-
mated to be 0.05%-7%[15]. A recent pilot trial reported 
the incidence of covert stroke after non-cardiac and 
non-neurologic surgeries as 10%[16]. 

The mortality from perioperative stroke is high. The 
30-day postoperative mortality in patients suffering 
from stroke is increased up to eight-fold as compared 
with matched controls, with significantly increased hos-
pital stays[17]. In the Perioperative Ischemic Evaluation 
(POISE) trial, only 17% of the patients who survived-
perioperative stroke made a full recovery, and almost 
60% of these stroke patients required long-term care[18].

Diagnosing cerebral ischemia during surgery

There are no clinically meaningful signs and symp-
toms of cerebral ischemia in patients under gen-
eral anesthesia. Therefore, the diagnosis of cerebral 
ischemia during surgery relies on monitoring, unless 
the patient is kept awake for neurological assessments 
during the procedure. A multitude of technologies are 
used to monitor cerebral ischemia. These technologies 
have been previously reviewed, and include transcra-
nial Doppler, which monitors the blood flow velocity in 
major cerebral arteries[19], electroencephalography[20], 
somatosensory and motor evoked potentials[21-22], and cer-
ebral oximetry based on near-infrared spectroscopy[23].  
We will not elaborate on these technologies here.

Prevention of cerebral ischemia during surgery

Risk reduction before surgery
For patients with a history of ischemic stroke, treat-

ment of the underlying cause is important for risk 
reduction in the perioperative setting. Risk factors such 
as hypertension, diabetes, hypercholesterolemia, and 
atrial fibrillation should be regularly evaluated and 
effectively intervened upon[24]. If the stroke was caused 
by carotid artery stenosis, procedures such as carotid 
endarterectomy or carotid stenting should be consid-
ered. In patients diagnosed with moyamoya disease, 
surgical revascularization should be considered[25-26]. 

Management of home medication before surgery 
In patients at high risk for cardiovascular and 

cerebrovascular thrombosis, prophylactic anti- 
thromboembolic treatment should be considered in 
the perioperative period to prevent ischemic stroke[27]. 
Low-dose aspirin therapy should be continued, even 
for operations in which bleeding should be strictly 
avoided, such as eye surgery[28-29]. Patients with preex-
isting atrial fibrillation who have received antiarrhyth-
mic or rate-controlling agents should continue therapy 
throughout the perioperative period[15]. The withdrawal 
of antithrombotic and antiplatelet medications leads to 
a hypercoagulable state and is associated with a high 
risk of ischemic stroke[30-31]. However, institutional 
practices vary due to the complexity of this issue 
and the lack of universal guidelines. Statins initiated 
at least 2 weeks before the operation may reduce the 
perioperative stroke rate[32-34]. Patients taking statins 
preoperatively should continue taking them through-
out the perioperative period. Although an association 
has been shown between metoprolol use and periop-
erative stroke[18-35], many aspects of this association 
remain unclear and a direct causal relationship was not 
demonstrated[15-36]. β-blockers reduce the perioperative 
risk of myocardial infarction and atrial fibrillation, 

Table 1 Risk factors of perioperative cerebral ischemia

Co-morbidity Physiological disturbance Surgery

Carotid artery stenosis Severe hypotension Cardiopulmonary bypass

Cerebrovascular occlusive lesions Cardiac output reduction Intra-cardiac surgery including valvular procedure

Abnormal circle of Willis Severe hypocapnia Carotid endarterectomy

Hypercoagulopathy Head-up tilt Cerebrovascular surgery

Sickle cell disease Intracranial hypertension Craniotomy

Atrial fibrillation Hypoxemia Major vascular surgery

Congenital heart failure Acute anemia Surgery under sitting position

Diabetes mellitus Surgery with deliberate hypotension
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and it is the consensus that patients chronically on 
β-blockers should continue to take them throughout the 
perioperative period[15]. 

General anesthesia versus regional  
anesthesia

There is currently no consensus on the choice of an 
anesthetic agent that is superior in preventing cerebral 
ischemia or providing neuroprotection. At present, the 
choice of general anesthetic agent is primarily guided by 
the nature of the surgical procedure and what is deemed 
best for the patient overall. It is unclear whether regional 
anesthesia is superior to general anesthesia in the pre-
vention of intraoperative ischemic strokes. Recent large 
retrospective reports have found that patients undergo-
ing hip or knee arthroplasty with regional anesthesia had 
a lower incidence of stroke than those who underwent 
general anesthesia[37-38]. An association between general 
anesthesia and stroke was suggested by these studies, 
even though the cause-effect relationship remains to 
be defined. In contrast, a prospective randomized study 
comparing general anesthesia to regional anesthesia in 
3,500 patients who underwent carotid endarterectomy 
revealed no difference in the occurrence of stroke within 
30 days after surgery[39].

Physiological management during surgery
The management of blood pressure during surgery 

is often guided by the concept of cerebral autoregu-
lation[2]. It has been recommended that intraoperative 
blood pressure be kept at baseline levels in at-risk 
patients by maintaining normovolemia and usingvaso-
pressors[36,40]; however, an individualized approach that 
takes into account the patient's baseline blood pressure 
and comorbidities is probably better[2,41-42]. The best 
vasopressor to use from a cerebrovascular perspective 
has not been well-defined. Some studies in healthy 
patients have suggested that phenylephrine may reduce 
cerebral oxygen delivery, while others argue that this 
is likely an artifact of the measurement technique[43]. 
Mild hypercapnia (PaCO2> 40–45 mmHg) is theoret-
ically beneficial for atherosclerotic patients due to its 
vasodilatory effect on cerebral vessels[44]. Both cerebral 
blood flow and brain tissue oxygen saturation increase 
when PaCO2 is increased by controlled ventilation[2,45]. 
Given the importance of hemoglobin's oxygen carry-
ing capacity, it has been suggested to maintain a hemo-
globin level above 10 mg/dL in patients at high risk 
for perioperative stroke[46]. Hypoglycemia should be 
avoided, and hyperglycemia should be treated if blood 
glucose exceeds 150 mg/dL, as both conditions are 
associated with worsened outcomes in patients at risk 
for perioperative stroke[28].

Summary

Cerebral ischemia is a hazardous pathophysiologi-
cal condition during surgery and can lead to clinically 
debilitating consequences. Objective methods for mon-
itoring and preventing cerebral ischemia during surgery 
are more meaningful because an anesthetized patient 
in the operating room cannot be neurologically eval-
uated. The risk factors relevant to perioperative cere-
bral ischemia should be recognized and risk reduction 
should be considered as early as possible before the 
planned surgery. A sound understanding of cerebrovas-
cular physiology is fundamental to the prevention of 
intraoperative cerebral ischemia. 
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