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ABSTRACT

Perioperative ischemic stroke is a potentially fatal complication that greatly increases 
the risk of poor outcome in surgical patients. Despite the relatively low prevalence 
among patients undergoing non-cardiosurgical and non-neurosurgical interven-
tions (about 0.1–1.0  %), the total number of annually developing perioperative 
ischemic strokes in patients of this profile is high due to the large number of opera-
tions performed in the world. Since the publication in 2014 of the last fundamental 
work on  the  prevention of perioperative stroke, approaches to primary and sec-
ondary prevention, diagnosis, conservative and reperfusion treatment of ischemic 
stroke have been seriously modified. The numerous changes that have taken place 
have created the  prerequisites for revising existing approaches to providing care 
for perioperative ischemic stroke. In 2021, updated documents of foreign researchers/
associations on the problem of perioperative ischemic stroke in non-cardiac and non-
neurosurgical patients were published. This review, which consists of two parts, 
presents current data that summarizes the most relevant information on this topic. 
The first part of the review outlines the general provisions on perioperative ischemic 
stroke (definition, risk factors, pathogenesis, predictive models), strategies for pre- 
and intraoperative prevention.

Key words: perioperative stroke, non-cardiac and non-neurological surgery, perio-
perative complications, preoperative preparation, asymptomatic cerebral infarcts, 
intraoperative prevention
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РЕЗЮМЕ

Периоперационный ишемический инсульт является потенциально смер-
тельным осложнением, многократно увеличивающим риск неблагопри-
ятного исхода у пациентов хирургического профиля. Несмотря на отно-
сительно низкую распространённость среди пациентов, подвергающихся 
некардиохирургическим и ненейрохирургическим вмешательствам (около 
0,1–1,0  %), общее число ежегодно развивающихся периоперационных ише-
мических инсультов у пациентов данного профиля является высоким ввиду 
большого числа выполняемых в мире операций. С момента опубликования 
в 2014 г. последней фундаментальной работы на тему профилактики пери-
операционного инсульта подходы к первичной и вторичной профилактике, 
диагностике, консервативному и реперфузионному лечению ишемического 
инсульта были серьёзно модифицированы. Произошедшие многочисленные 
изменения создали предпосылки к пересмотру существующих подходов 
к оказанию помощи при периоперационном ишемическом инсульте. В 2021 г. 
в свет вышли обновлённые документы зарубежных исследователей/ассоци-
аций, посвящённые проблеме периоперационного ишемического инсульта 
у пациентов некардиохирургического и ненейрохирургического профиля. 
В настоящем обзоре, состоящем из двух частей, представлены современные 
данные, обобщающие наиболее актуальную информацию по данной теме. 
В первой части обзора изложены общие положения о периоперационном 
ишемическом инсульте (определение, факторы риска, патогенез, модели 
прогнозирования), стратегии пред- и интраоперационной профилактики.

Ключевые слова: периоперационный инсульт, некардиохирургическое 
и ненейрохирургическое оперативное вмешательство, периоперационные 
осложнения, предоперационная подготовка, асимптомный церебральный 
инфаркт, интраоперационная профилактика
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INTRODUCTION

Perioperative ischemic stroke (PS) is a potential-
ly fatal complication in patients undergoing any surgi-
cal intervention, multiplying the risk of unfavorable out-
come many times over. For example, after non-cardiac 
and non-neurosurgical surgery, the 30-day risk of mortal-
ity increases 8–10-fold with absolute mortality rates of 21 
to 26 % [1–3]. Despite the fact that historically the prob-
lem of PS became the most obvious in cardiovascular sur-
gery due  to  the  relatively high prevalence of  this com-
plication in  cardiac surgery patients (2–10  % depend-
ing on the type of surgery [4]), at present the task of PS 
prevention and  treatment is  extremely relevant for pa-
tients of  any  surgical profile. Although the proportion 
of PSs in patients undergoing non-cardiac and non-neu-
rological interventions is relatively low (0.1  % to 1.0  % 
depending on the type of surgery; see Table 1), the to-
tal number of PSs developing annually in  this category 
of patients is high due to the large number of operations 
performed worldwide and represents a significant pub-
lic health burden. More than 250 million surgical proce-
dures are performed annually worldwide [3]; major sur-
geries are performed annually in 4 % of the world’s to-
tal population [5]. Given a total European population 
of  more than 500 million, the annual number of ma-
jor interventions is estimated at 19 million, with 5.7 mil-
lion surgeries (30 %) performed in patients at increased 
risk of cardiac complications. In the United States, more 
than 5  million patients over 45  years of age undergo 
non-cardiac surgery each year, with an estimated num-
ber of PSs of more than 25,000 cases per year [3]. In Rus-
sia, there  has also been a steady increase in  the num-
ber of surgeries performed annually over the last few 
years: in 2005 – 8,735  thousand, in 2010 – 9,277  thou-
sand, in 2015 – 9,882 thousand, in 2016 – 9,974 thousand, 
in 2017 – 9,943 thousand, in 2018 – 10,020 thousand [6]; 
and the estimated number of PSs in Russia may be as high 
as 15,000–20,000 per year. PSs increase the length of stay 
and the probability of discharge to a long-term care fa-
cility [2, 7, 8].

PS prognosis, prevention, and treatment are currently 
receiving considerable attention. The greatest focus has tra-
ditionally been on investigating the issues and reducing 
the risks of PS in cardiac surgical patients. As of publishing 
the article, the main document on PS prevention among pa-
tients in this category is Scientific Statement from the Amer-
ican Heart Association 2020: Considerations for Reduction 
of Risk of Perioperative Stroke in Adult Patients Undergo-
ing Cardiac and Thoracic Aortic Operations [9]. The  ba-
sic document covering the problem of PS in non-cardiac 
and non-neurological patients for a long time was Periop-
erative Care of Patients at High Risk for Stroke during or af-
ter Non-Cardiac, Non-Neurologic Surgery: Consensus State-
ment from the Society for Neuroscience in Anesthesiology 
and Critical Care edited by G.A. Mashour et al. [10]. In 2021, 
a new American Heart Association/American Stroke Associ-
ation (AHA/ASA) scientific statement, «Рerioperative Neu-
rological Evaluation and Management to Lower the Risk 

of Acute Stroke in Patients Undergoing Noncardiac, Non-
neurological Surgery» was published summarizing current 
thinking about the problem of PS in patients after non-car-
diac and non-neurological surgeries. Furthermore, new 
AHA/ASA Guidelines for the Secondary Prevention of Is-
chemic Stroke and Transient Ischemic Attack [11] were 
published in 2021, complementing the AHA/ASA Scientific 
Statement 2021 in terms of PS prevention issues. The mul-
ti-part review presents data summarizing information from 
these two documents. The first part of the review outlines 
the general background of PS (definition, risk factors, patho-
genesis, prediction models, preoperative and intraopera-
tive prevention strategies). The following parts of the re-
view will outline the current principles of antithrombotic 
therapy in the perioperative period, diagnosis and treat-
ment of PS.

Definition and risks of perioperative ischem‑
ic stroke. Perioperative stroke can be defined as  any 
embolic, thrombotic, or hemorrhagic cerebrovascular 
event with motor, sensory, or cognitive dysfunction last-
ing at  least 24  hours, occurring during surgery or with-
in 30 days of surgery. As with non-perioperative cerebro-
vascular events, most PSs are ischemic rather than hem-
orrhagic. The incidence of PS in patients undergoing non-
cardiac, non-neurosurgical surgeries ranges from 0.1  % 
to 1.0 %, according to the following retrospective stud-
ies [10] (Table 1).

Using the US National (Nationwide)  Inpatient  Sam-
ple (NIS) from 2004 to 2013, N.R. Smilowitz et al. reported 
that despite an overall decrease in the composite of ma-
jor adverse cardiovascular and cerebrovascular events 
in non-cardiac surgery, the incidence of PS increased dur-
ing this  period from 0.52  % in 2004 to 0.77  % in 2013. 
A trend toward increased PS risk was evident for both men 
and women and among different races and ethnic groups. 
Of note, all of these studies did not independently clinical-
ly evaluate patients with PS, nor did they always use mag-
netic resonance imaging (MRI) to accurately temporally 
assess the ischemic event, so the true number of PSs may 
be higher or lower than in the data reported by the inves-
tigators [12].

Common risk factors for perioperative stroke. Nu-
merous studies have consistently identified elderly age, 
kidney disease, and prior transient ischemic attack/stroke 
as key risk factors for PS. Risk factors such as myocardial 
infarction within the previous 6 months, atrial fibrillation, 
arterial hypertension, chronic obstructive pulmonary dis-
ease, current smoking, female gender, and diabetes mel-
litus were also identified as independent, further increas-
ing the risk of PS. There is evidence that patients who un-
derwent emergency surgery or certain types of surgery 
(head and neck, thoracic, intra-abdominal, vascular, trans-
plant, orthopedic surgeries) were at higher risk of devel-
oping PS [12].

Asymptomatic cerebral infarct. Asymptomatic cere-
bral infarcts, sometimes referred to in the English-language 
literature as covert or silent strokes, are acute cerebral is-
chemic events without clinical manifestations. Cerebral in-
farctions are usually detected by neuroimaging techniques 
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T A B L E  1
THE INCIDENCE OF PERIOPERATIVE ISCHEMIC STROKE AFTER NON-CARDIAC AND NON-NEUROSURGICAL OPERATIONS

Types of surgeries PS, all patients, 
% (n)

PS, patients of or over 
65 years of age, % (n)

Bateman B.T. et al. (2009); Nationwide Inpatient Sample

Hip replacement surgery (n = 1,568) 0.4 (6) 0.5 (5)

Lung resection (n = 1,484) 0.3 (5) 0.7 (5)

Colon resection (n = 33,426) 0.4 (130) 0.7 (100)

Mashour G.A. et al. (2011); American College of Surgeons–National Surgical Quality Improvement Program

Bile duct surgery (n = 43,289) 0.1 (36) 0.2 (23)

Breast removal surgery (n = 36,793) 0.0 (16) 0.1 (11)

Hernia surgery (ventral/umbilical/postoperative/other) (n = 32,638) 0.1 (28) 0.3 (21)

Inguinal hernia surgery, including usage of surgical mesh made from plastic 
(n = 26,448) 0.1 (17) 0.1 (10)

Appendectomy (n = 26,046) 0.0 (6) 0.2 (4)

Bariatric esophageal and gastric surgeries (n = 23,766) 0.0 (5) 0.0 (0)

Extracerebral and neck tumors (n = 20,057) 0.0 (7) 0.1 (3)

Thoracic/femoral small vessel surgery (n = 5,883) 0.0 (2) 0.1 (1)

Small intestine – resection/stoma (n = 5,860) 0.5 (27) 0.6 (14)

Small intestine – lysis of adhesions, others (n = 5,683) 0.3 (17) 0.7 (14)

Diagnostic studies of abdominal organs (n = 5,760) 0.5 (26) 0.9 (18)

Surgical management of pancreatitis (n = 4,832) 0.3 (15) 0.5 (10)

Limb amputation (n = 4,800) 0.8 (37) 1.1 (29)

Gastric surgeries (n = 4,749) 0.3 (16) 0.7 (12)

Esophageal surgeries (n = 4,635) 0.0 (1) 0.1 (1)

Hysterectomy (n = 4,454) 0.1 (3) 0.2 (2)
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and are catamnestically associated with the development 
of cognitive impairment, dementia, increased risk of recur-
rent stroke, and increased mortality. The incidence of peri-
operative asymptomatic cerebral infarcts varies according 
to the type of surgery and is probably higher in patients 
undergoing vascular or cardiac surgery. The detection rate 
of asymptomatic cerebral infarcts after carotid endarter-
ectomy (CEA) can be as high as 17 %, and 30–50 % after 
internal carotid artery (ICA) stenting or  cardiac surgery. 
The development of asymptomatic cerebral infarcts after 
ICA stenting was also associated with an increased risk 
of recurrent cerebral ischemic events, with this risk increas-
ing with the number of areas of silent infarctions. Accord-
ing to a prospective multicenter pilot study by M. Mrkob-
rada et al. (2016), in 100 patients over 65 years of age af-
ter non-cardiac surgery, the incidence of asymptomatic 
cerebral infarcts based on postoperative MRI was 10 %. 
In the larger multicenter prospective Neurovision study, 
asymptomatic cerebral infarct was diagnosed in 7 % of pa-
tients based on routine MRI scans of 1,114 patients per-
formed on days  2–9 after elective non-cardiac surgery. 
Among these patients, the risk of cognitive decline dur-
ing 1-year follow-up was almost 2-fold higher compared 

with patients without evidence of asymptomatic cerebral 
damage. The incidence of perioperative delirium was also 
higher in the perioperative asymptomatic cerebral infarct 
group [12].

Pathogenesis of perioperative ischemic stroke. 
In  patients undergoing cardiac surgery, nearly 2/3 of is-
chemic strokes are the result of emboli from proximal sourc-
es: either as a result of direct manipulation of the heart/ma-
jor arteries or intraoperative performance of the bypass 
pump, or as a result of the development of delayed com-
plications such as atrial fibrillation or  myocardial infarc-
tion (MI). In patients who have undergone non-cardiac sur-
gery or intervention on great vessels, the cause of PS is less 
clear. Stroke subtypes were not established in most stud-
ies because many of the earlier studies did not include ad-
vanced diagnostic tests such as MRI or vascular imaging. 
PS mechanisms suggested for patients undergoing non-
cardiac and non-neurosurgical operations may include hy-
potension/low blood flow states, previously undetected 
large artery stenosis, tissue hypoxia associated with ane-
mia, thromboembolism (including cardiac and transcardi-
ac), fat embolism, and increased coagulation/thrombosis 
in the setting of systemic inflammation, endothelial dys-

T A B L E  1  ( c o n t i n u e d )

Types of surgeries PS, all patients, 
% (n)

PS, patients of or over 
65 years of age, % (n)

Arthroscopy (n = 4,255) 0.0 (0) 0.0 (0)

Spinal surgeries (n = 3,480) 0.1 (4) 0.3 (3)

Abdominoperineal resection (n = 3,169) 0.0 (0) 0.5 (5)

Knee surgeries (n = 2,970) 0.1 (4) 0.2 (4)

Anorectal abscess (n = 2,508) 0.0 (0) 0.0 (0)

Simple skin and soft tissue surgeries (n = 2,383) 0.3 (6) 0.6 (4)

Coloanal anastomosis (n = 2,293) 0.2 (4) 0.2 (2)

Liver surgeries (n = 2,144) 0.3 (6) 0.8 (6)

Anorectal resection (n = 2,103) 0.0 (1) 0.0 (0)

Surgeries for bone fractures (n = 2,065) 0.1 (3) 0.3 (3)

Skin and soft tissue biopsies (n = 2014) 0.1 (2) 0.2 (1)
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function, and discontinuation of antithrombotic drugs pre-
operatively [12].

Perioperative stroke risk stratification. Numerous 
cardiovascular risk stratification tools have been used to pre-
dict perioperative complications, including the Revised Car-
diac Risk Index (RCRI), the MI or Cardiac Arrest Calculator, 
and the American College of Surgeons Surgical Risk Calcu-
lator (ACS-SRC), but all of these tools have not been devel-
oped specifically for PS risk prediction. Two other risk as-
sessment scales, CHADS2 and CHA2DS2-VASc, were orig-
inally developed and validated to predict the annual risk 
of stroke in patients with nonvalvular atrial fibrillation; how-
ever, it has been shown that they predict the perioperative 
risk of stroke in cardiac surgery patients even in the absence 
of atrial fibrillation.

The effectiveness of these tools in PS risk stratifica-
tion was retrospectively evaluated by ACS investigators 
in a large cohort of patients (n = 540,717) undergoing non-
cardiac surgery using the US National Surgical Quality Im-
provement Program registry. The proportion of patients 
with PS in the studied sample was 0.27 %, and the high-
est frequency was observed in patients undergoing vas-
cular surgery or neurosurgery. The ACS surgical risk cal-
culators and the MI/cardiac arrest risk calculator demon-
strated greater high predictive accuracy than other risk 
prediction models, even though they were not designed 
to predict stroke risk. The AHA/ASA 2021 Scientific State-
ment recommends a uniform approach for identifying 
patients at increased risk of PS using the ACS web-based 
surgical risk calculator [13]. It would be advisable to dis-
cuss the results of the prognosis with patients to inform 
them about the risks and to make joint decisions about 
surgery, with the caveat that this calculator, although 

not directly predicting the risk of stroke, can identify pa-
tients at high risk of serious complications in general, in-
cluding those with a high probability of stroke in the peri-
operative period [12].

Timing of surgical interventions after previous 
stroke. Patients with previous ischemic stroke are at in-
creased risk of PS. In this case, the risk of PS depends 
on  the  length of time between the history of stroke 
and  the  surgery performed. In 2014, M.  Jørgensen et  al. 
analyzed the data of the Danish National Patient Registry 
and reported an increased risk of ischemic stroke and oth-
er serious adverse cardiovascular events (MI and death 
due  to  other cardiovascular causes) in patients who un-
derwent non-cardiac surgery after a previous stroke (Ta-
ble 2) [12].

Patients who underwent elective non-cardiac surgery 
within 3 months of stroke had the highest risk of ischem-
ic stroke. Although the risk of serious adverse cardiovas-
cular and cerebrovascular events, 30-day mortality, and is-
chemic stroke was higher in patients undergoing non-car-
diac surgery within 12 months of a previous stroke overall, 
the increased odds ratio for each of these end points lev-
eled off by about month 9. Using the same data, these au-
thors also showed that patients who underwent emergen-
cy non-cardiac surgery within 3 months of a previous stroke 
were more than 20 times more likely to develop PS. Similar 
temporal trends in PS risk have been observed after stroke 
in patients who did not undergo surgery, but the absolute 
event rates in these studies of perioperative patients were 
higher than in observational studies or clinical trials among 
unoperated patients with recent transient ischemic attack 
or nondisabling stroke. Although evidence of an associa-
tion between timing of surgery and stroke risk is limited 

T A B L E  2
ADJUSTED ODDS RATIO OF PERIOPERATIVE ISCHEMIC STROKE STRATIFIED BY TIME BETWEEN HISTORY  
OF ISCHEMIC STROKE AND SURGERY

Indicators Number of strokes, 
n

Number of follow-ups,  
n Stroke rate, % Odds ratio (95 % CI)

No history of ischemic stroke 368 474,046 0.078 1

Ischemic stroke (age undetermined) 210 7,137 2.94 16.24 (13.23–19.94)

Ischemic stroke < 3 months ago 103 862 11.95 67.60 (52.27–87.42)

Ischemic stroke from 3 to 6 months ago 21 469 4.48 24.02 (15.03–38.39)

Ischemic stroke from 6 to 12 months ago 16 898 1.78 10.39 (6.18–17.44)

Ischemic stroke ≥ 12 months ago 70 4,908 1.42 8.17 (6.19–10.80)

Note. 95 % CI – 95 % confidence interval.
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to only these two studies, the AHA/ASA, to reduce the risk 
of perioperative stroke in patients undergoing non-cardi-
ac surgery, suggests delaying elective non-cardiac surgery 
for at least 6 months and, if possible, even 9 months after 
a previous stroke [12].

Extracranial carotid artery stenosis. The AHA/ASA 
Guidelines for the Secondary Prevention of Ischemic Stroke 
and Transient Ischemic Attack recommend that patients 
with a high degree of extracranial stenosis (> 70 %) and ip-
silateral symptoms of ischemic stroke or transient ischemic 
attack within the past 6 months undergo CEA or ISA stent-
ing. Patients with moderate symptomatic stenosis (50–
69  %) are  also considered for revascularization surgery 
if the surgical risk is < 6 %. It is important to consider that 
performing carotid artery stenting and CEA is itself associ-
ated with cardiovascular risks. For example, carotid artery 
stenting is associated with a slightly higher risk of stroke 
and  CEA with  a  slightly higher risk of MI. Recommenda-
tions for patients with known asymptomatic high-grade 
ISA stenosis who  are to undergo non-cardiac and non-
neurosurgical interventions are ambiguous. However, pa-
tients with known asymptomatic high-grade ISA stenosis 
(> 70 % by ultrasound or > 60 % by selective angiography) 
should be considered candidates for CEA and ISA stenting 
if the perioperative risks of stroke, MI, and death are < 3 %, 
according to the 2021 AHA/ASA guidelines. Planned sur-
gical procedures may be delayed if carotid revasculariza-
tion treatment is planned (for symptomatic or asympto-
matic high-grade carotid stenosis), but the optimal dura-
tion of this delay is unknown and may be determined pre-
dominantly by the timing of the most recent cerebrovas-
cular event (no earlier than 6–9 months after a previous 
stroke) [12].

The European Stroke Organization (ESO) guidelines 
published in the European Stroke Journal in 2021 regard-
ing stroke prevention in patients with carotid atheroscle-
rosis, in accordance with meta-analyses of randomized 
controlled trials on primary stroke prevention, recom-
mend surgical intervention on the ISA when asympto-
matic stenosis is 60–99 % [14]. CEA is favored as the sur-
gical intervention. The relative risk (RR) of stroke ipsi-
lateral stenosis after CEA compared with optimal med-
ical therapy is 0.79 (95 % confidence interval (95% CI): 
0.59–0.90), equivalent to a reduction of 19  cases per 
1,000 patients. There was also evidence that post-CEA 
reduced the risk of stroke in any cerebral blood supply 
basin (RR = 0.74; 95% CI: 0.59–0.92). Perioperative safe-
ty of  surgical interventions is currently of  special con-
cern, and European guidelines define the borderline rate 
of perioperative stroke or death for patients with asymp-
tomatic stenosis as 2 % [15]. For secondary stroke pre-
vention, there  is  strong evidence regarding the  need 
for surgery at 70–99 % ISA stenosis (RR = 0.37; 95% CI: 
0.27–0.50, corresponding to a reduction of 169  cases 
per 1,000 patients) and moderate strength evidence re-
garding the efficacy and safety of interventions at 50–
69 % stenosis (RR = 0.82; 95% CI: 0.58–1.15, correspond-
ing to a reduction of 29 cases per 1,000 patients). CEA 
is  recommended as surgery for  all  patients having 

50–99  % stenosis. For  the  group of  patients younger 
than 70 years of age, stenting with angioplasty is rec-
ommended as  an  alternative. Patients with  ISA sten-
oses < 50 % are not currently recommended to under-
go surgery in routine practice. The timing of  interven-
tions is determined by the following decisions: the min-
imum is within the next 2 weeks after stroke (i. e., at the 
first medical center where the stroke patient is located); 
the maximum is up to 6 months, and the patient’s disa-
bility should not exceed a mRS score of 3 [14].

Intracranial stenosis. Asymptomatic intracranial 
stenosis (50–99 % as measured by selective angiography) 
carries a 15 % risk of recurrent stroke within the first year 
after the event, but the overall risk of PS in this patient 
population remains unknown. Stroke prevention in a pa-
tient with intracranial stenosis is non-surgically managed 
with  antithrombotic therapy and careful modification 
of risk factors. Intracranial stenosis stenting is accompa-
nied by an increased risk of hemorrhagic complications, 
and the experience of using these operations among pa-
tients who did  not receive conservative medical treat-
ment is limited by a small number of follow-ups. A small 
retrospective study by D. Blacker et al. (2003) of patients 
with severe intracranial stenosis of vertebral or basilar ar-
teries who underwent surgical intervention (vascular, car-
diac or general) showed that the PS rate in the studied 
group was 6 % [12].

Patent foramen ovale. Patent foramen ovale (PFO) 
is present in 25 % of the population and is not associated 
with any morbidity among most people. However, data 
from three recent clinical trials (Søndergaard L. et al., 2017; 
Mas J. et al., 2016; Saver J. et al., 2017) support the poten-
tial association between PFOs and cryptogenic stroke in pa-
tients aged < 60 years and the benefit of PFO closure in se-
lected patient groups. In a retrospective study of  more 
than  150,000  patients undergoing non-cardiac surgery 
under general anesthesia, Ng et al. (2018) found that a di-
agnosis of PFO established preoperatively significantly in-
creased the likelihood of PS. These patients had more se-
vere PSs and were more often accompanied by involve-
ment of large vascular territories with the formation of ex-
tensive zones of ischemic damage. In a large study of pa-
tients undergoing a total hip replacement; from the US 
National (Nationwide) Inpatient Sample, the  risk of PS 
was 29 times higher (7.14 % vs. 0.26 %; p < 0.001) among 
patients with atrial septal defect/PFO compared with con-
trols. Thus, there is a need for further research to develop 
optimal approaches for PS prevention in the population 
of individuals with PFO. If  there is  evidence of  the need 
for surgery to close the PFO, it should be considered be-
fore elective surgery is performed; and urgent and emer-
gent surgical interventions should not be delayed to ad-
dress the PFO [12].

β‑blockers. In 2008, a large randomized controlled 
trial regarding the use of β-blockers in POISE periopera-
tive conditions (Effects of extended-release metoprolol 
succinate in patients undergoing non-cardiac surgery) re-
vealed a tendency to increase the number of PSs, possi-
bly associated with arterial hypotension against the back-
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ground of metoprolol administration, while no such de-
pendence was shown for other β-blockers. However, 
in 2017, M. Jørgensen et al. based on a large cohort study 
found no difference in the risk of overall mortality or se-
rious adverse cardiac events when using different sub-
types of β-blockers.

The AHA/ASA 2021 Scientific Statement on Periopera-
tive Ischemic Stroke Prevention in Patients after non-Car-
diac and non-Neurosurgical Operations, citing the 2014 
ACC/AHA Guideline on Perioperative Cardiovascular Evalu-
ation And Management Of Patients Undergoing Noncardi-
ac Surgery: A Report of the American College of Cardiology/
American Heart Association Task Force on Practice Guide-
lines) supports the continuation of β-blockers in patients 
who have already been taking β-blockers for an extended 
period of time prior to surgery. These guidelines also sug-
gest that β-blockers should be offered to patients with es-
tablished high cardiac risk based on preoperative evalua-
tion or in the presence of ≥ 3 risk factors according to RCRI, 
but even in these cases β-blockers should not be started 
on the day of surgery [12].

Statins. To reduce the risk of cardiovascular events, pa-
tients already taking statins are advised to continue peri-
operative therapy prior to non-cardiac surgery. Multiple 
cohort studies (Berwanger O. et al., 2016; London J. et al., 
2017; Ma B. et al., 2018) and the results of a recent meta-
analysis of patients undergoing non-cardiac surgery (study 
groups included vascular surgery and neurosurgery) show 
that  the  use of statins in the perioperative period leads 
to significant reductions in postoperative MI, death from car-
diac causes, de novo atrial fibrillation, and all-cause mortal-
ity, including myocardial injury and stroke. However, none 
of these studies showed a significant reduction in the risk 
of PS [12].

Arterial blood pressure. Maintaining appropri-
ate perfusion of the heart, brain, and other vital organs 
is the cornerstone of anesthesia management. A signifi-
cant number of anesthesiologists commonly use a mean 
arterial pressure (MAP)1 of 60 mmHg and a systolic BP 
of 100 mmHg as the threshold, assuming that in healthy in-
dividuals without cerebrovascular disease, cerebral blood 
flow is maintained within a range of 60 to 150 mmHg. In-
traoperative drop in BP is a very common event, with ep-
isodes of drop in MAP below 20  % of baseline occur-
ring in 90  % of  surgical procedures. There are currently 
about 140 different definitions of intraoperative hypoten-
sion, but the most common are: a decrease in systolic BP 
< 80 mmHg and a decrease in systolic BP more than 20 % 
below baseline.

Hypotension can be considered a modifiable risk factor 
for PS. However, most studies that have examined the causal 
relationship between intraoperative hypotension and peri-
operative strokes have inconclusive evidence, with the ex-
ception of the results of the POISE study (2008).

Currently, there is insufficient evidence defining tar-
get values of intraoperative BP levels that reliably prevent 

the development of cerebral ischemia. At the same time, 
there is evidence of BP thresholds associated with target 
organ damage and mortality. A 2018 systematic review re-
ported a modest increase in the risk of target organ dam-
age and mortality (RR = 1.4–2.0) with a decrease in MAP 
<  65  mmHg lasting >  10  min, but no statistically signifi-
cant associations between MAP thresholds and stroke were 
found. In 2017, the multicenter randomized controlled trial 
(INPRESS) (Effect of individualized vs standard blood pres-
sure management strategies on postoperative organ dys-
function among high-risk patients undergoing major sur-
gery: A  randomized clinical trial) found that maintaining 
systolic BP fluctuations within 10 % of baseline was asso-
ciated with a 30 % reduction in postoperative internal or-
gan dysfunction. However, this study has been criticized 
because the BP targets in the control group were much 
lower than those used by most anesthesiologists. Nowa-
days, the Perioperative Quality Initiative Consensus State-
ment on Intraoperative Blood Pressure, Risk and Outcomes 
for Elective Surgery 2019 guidelines (concerning that sys-
tolic BP values <  100  mmHg and MAP <  60–70  mmHg 
may be  associated with myocardial and renal damage) 
are the most convincing.

Recognizing the current lack of data to establish accu-
rate intraoperative BP targets to reduce the risk of periop-
erative strokes, the AHA/ASA 2021 Scientific Statement sug-
gests considering maintaining intraoperative MAP above 
70 mm Hg. Although, there are no data on upper thresh-
olds for intraoperative MAP in non-cardiac surgery, it is rec-
ommended to avoid excessive hypertension, which may 
cause myocardial ischemia, cerebral edema, or damage 
to other target organs. Also, the AHA/ASA 2021 Scientific 
Statement supports the recommendations of G.A. Mashour 
et al. (2014) that the BP difference between the brachial ar-
tery and the brain should be taken into account when per-
forming surgery in the sitting position (e. g., shoulder, cer-
vical spine surgery) [12].

Perioperative targeted (directed) therapy. Thirty 
years ago, W.C. Shoemaker et  al. first outlined the prin-
ciples of targeted therapy aimed at maintaining opti-
mal target organ perfusion among high-risk surgical pa-
tients. Despite the controversy over its benefits, targeted 
therapy continues to be widely used in clinical practice. 
A 2013 Cochrane meta-analysis based on 31 randomized 
trials involving 5,092  participants found that adminis-
tration of fluids and vasoactive agents aimed at increas-
ing total blood flow did not significantly reduce mortali-
ty, but did reduce overall complication rates by 32 %, in-
cluding 29 % reduction in the rate of renal failure and 49 % 
reduction in the rate of respiratory distress/acute respir-
atory distress syndrome. In 2014, the multicenter, rand-
omized, controlled OPTIMISE (Effect of  a perioperative, 
cardiac output–guided hemodynamic therapy algorithm 
on outcomes following major gastrointestinal surgery) tri-
al reported a 6.8 % reduction in the postoperative abso-
lute risk of complications and 30-day mortality (95% CI: 
0.38–13.9 %; p = 0.07) in 734 high-risk patients undergo-
ing major gastrointestinal surgery who received targeted 
therapy aimed at maintaining cardiac output. Although 

1 Calculation formula is as follows:  
MAP = 1/3 × systolic BP + 2/3 × diastolic BP
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the results of this study were not statistically significant 
on their own, their inclusion in  the updated meta-anal-
ysis established the  overall benefit of targeted periop-
erative hemodynamic support techniques (hazard ratio, 
0.77 [95%  CI: 0.71–0.83]). So far, no study of  periopera-
tive targeted therapy has demonstrated its effectiveness 
in preventing the  development of  perioperative stroke, 
which may be explained by the relatively low incidence 
of PS and insufficient sample size [12].

Transfusion of blood and its  components 
in  the  peri operative period. Anemia is known to  in-
crease the risk of stroke in non-surgical patients and is as-
sociated with a higher risk of poor functional outcomes 
and mortality in patients with acute stroke. However, two 
large observational studies of patients undergoing non-
cardiac surgery have not shown an increased incidence 
of adverse central nervous system outcomes among pa-
tients with preoperative anemia. Using data from more 
than 227,000 patients, K.M. Musallam et al. (2011) found 
that patients with moderate to severe anemia were 44 % 
more likely to experience mortality, 52  % more like-
ly to experience cardiac complications, and 41 % more 
likely to experience respiratory complications compared 
to  patients without anemia. However, no differences 
in  central nervous system complications, including PS, 
were   found. L. Saager et al. (2013) also reported simi-
lar findings using data on nearly 575,000 patients. Col-
lectively, these studies form a somewhat confusing pic-
ture of anemia being a risk factor for stroke in the gen-
eral population but not in patients undergoing non-car-
diac surgery.

Although anemia is associated with higher rates 
of  mortality and morbidity among patients undergoing 
non-cardiac surgery, observational studies have consistent-
ly demonstrated that patients who received blood trans-
fusion in the perioperative period have worse outcomes 
compared to the group without hemotransfusion (Ber-
nard A. et al., 2009; Glance L. et al., 2011; Ferraris A. et al., 
2012; Karkouti K. et al., 2012; Aquina C. et al., 2017). Howev-
er, the pooled results of randomized trials did not support 
this information, revealing an overestimation of the risks 
associated with performing hemotransfusion. A 2018 me-
ta-analysis based on  37  randomized controlled trials in-
volving > 19,000 patients showed that the risk of stroke, MI, 
congestive heart failure, renal failure, and 30-day mortali-
ty were not significantly influenced by hemoglobin thresh-
olds before starting transfusion. The authors of the study 
believe that a  major limitation of this meta-analysis 
is that it did not include enough information on patients 
with traumatic brain injury, acute coronary syndrome, 
or congestive heart failure to extend these recommenda-
tions to very high-risk patient populations. Patients with in-
creased risk of PS are considered appropriate to be added 
to this same group by the AHA/ASA.

The AHA/ASA 2021 Scientific Statement, citing rec-
ommendations from the American Association of Blood 
Banks, suggests that a hemoglobin threshold of 80  g/L 
should be used to decide whether to initiate blood transfu-
sions in patients with recent stroke or existing cerebrovas-

cular disease. In light of the current uncertainty in guide-
line documents regarding the treatment and prevention 
of perioperative ischemic stroke, the AHA/ASA 2021 Scien-
tific Statement suggests considering a transfusion thresh-
old of 80 g/L for most patients with increased risk of stroke 
and a threshold of 90 g/L for patients with acute PS or a his-
tory of a cerebrovascular event due to severe carotid ste-
nosis or occlusion. When considering initiating hemo-
transfusion in patients at high risk of stroke with higher 
hemoglobin values, the risks of noninfectious complica-
tions such as transfusion-associated circulatory overload 
(may occur in up to 5 % of transfusions) should be weighed 
against the unproven benefit of using a  higher transfu-
sion threshold [12].

Choice of anesthetic technique. The neuroprotec-
tive effects of anesthetics have been studied intensively 
over the past 50 years, but there is currently no evidence 
that anesthetics are neuroprotective, even though an-
esthetics have been found to reduce cerebral metabolic 
rate and mimic the effects of ischemic preconditioning. 
In 2018, representatives of the Perioperative Neurotoxicity 
Working Group, based on work sponsored by the Ameri-
can Society of Anesthesiology Brain Health Initiative, pub-
lished a set of  recommendations and stated that  there 
is  a lack of evidence for an increased risk of periopera-
tive neurocognitive disorders with anesthetic gases. Cur-
rent evidence suggests that anesthetics are neither neu-
roprotective nor neurotoxic, and that the choice of anes-
thetic is unlikely to affect the risk of stroke in the periop-
erative period [12].

A 2016 Cochrane meta-analysis of 31  randomized 
controlled trials (3,231  patients) compared neuraxi-
al (spinal or  epidural) versus general anesthesia in pa-
tients undergoing surgery for hip fractures. This meta-
analysis did  not report differences in 30-day mortality, 
heart attack or stroke rates, but concluded that the quali-
ty of evidence was too low and the sample size too small 
to draw any definitive conclusions. With an estimated 
stroke rate < 1 %, it may not be possible to design ran-
domized controlled trials to reach conclusions about 
the  superiority of local anesthesia over general anes-
thesia. Two large (528,495 and 182,307 patients) retro-
spective studies (Chu C. et al., 2015; Memtsoudis S. et al., 
2013) did not demonstrate an advantage of neuraxial an-
esthesia over general anesthesia in the prevention of PS 
among patients undergoing hip surgery. In a 2017 meta-
analysis, L.M. Smith et al. found no differences in 30-day 
mortality between groups of patients in whom neuraxial, 
combined (neuraxial and general), and general anesthe-
sia were used for major surgery and limb surgery (appr. 
1.1 million follow-ups). Neuraxial anesthesia was associ-
ated with a 60 % reduction in pulmonary complications, 
but  no difference in  cardiac complication rates com-
pared with general anesthesia alone. Combined (neu-
raxial and general) and general anesthesia did not differ 
in the incidence of pulmonary or cardiac complications. 
However, this meta-analysis did not examine the associ-
ation between local anesthesia and stroke. Thus, at pre-
sent, the advantages of local anesthesia over general an-
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esthesia in reducing the perioperative risk of ischemic 
stroke have not been proven [12].

Strategies for artificial lung ventilation (ALV).  
Given that hypocapnia can exacerbate cerebral ischemia, 
the injured brain may be particularly susceptible to its ef-
fects. These data suggest that it is prudent to avoid hy-
pocapnia in patients at high risk of PS, and that hypocapnia 
may be exceptionally harmful for patients with PS. Artificial 
lung ventilation (ALV) using lower tidal volumes reduces 
mortality among patients with acute lung injury and acute 
respiratory distress syndrome. The use of ventilation protec-
tive modes has become a best practice for the care of crit-
ically ill patients. The use of ALV protective modes results 
in a lower incidence of serious pulmonary complications, 
sepsis, and death among patients undergoing non-cardi-
ac surgery. Although the preventive effect of protective 
ALV regimens on the risk of PS has not been studied sep-
arately, it is believed that prevention of pulmonary com-
plications may lead to fewer episodes of hypoxemia in the 
perioperative period and reduce the risk of stroke among 
high-risk surgical patients. In this regard, it is reasonable 
to apply protective ALV modes as part of the implemen-
tation of a general strategy to improve perioperative out-
comes [12].

CONCLUSION

Thus, to reduce the risk of perioperative ischemic 
stroke, key risk factors (such as age, renal disease, histo-
ry of transient ischemic attack/stroke), overall cardiovas-
cular risk, and the type of elective surgery should be as-
sessed before surgical intervention. It is possible to estab-
lish individual PS risk using the ACS-SRC online surgical 
risk calculator. In this case, a web interface should be used 
[13]. In patients who have had a recent ischemic stroke, 
elective surgery should be delayed for at least 6 months 
(preferably 9 months) from the date of the stroke. ISA re-
vascularization (type of intervention is determined indi-
vidually) should be performed in patients with sympto-
matic (stroke or transient ischemic attack within the last 
6 months) carotid stenosis (>70 %) before elective surgery. 
Should evidence of the need for a PFO closing operation 
be obtained, consideration should be given to conduct-
ing it before the elective surgery is performed. It is nec-
essary to continue previously prescribed therapy with an-
tihypertensive drugs, statins in order to reduce the inci-
dence of cardiovascular complications and overall mor-
tality. One should refrain from prescribing β-blockers 
on the day of surgical intervention, provided that the pa-
tient has not taken them before.

When performing surgical intervention to reduce 
the risk of PS, it is necessary to: maintain intraoperative mean 
BP > 70 mmHg (especially in patients at moderate or high 
risk of PS); perform hemotransfusion at a threshold hemo-
globin level of 80 g/L in patients with recent stroke or signifi-
cant cerebrovascular disease (e. g., carotid or intracranial ste-
nosis > 70 %); avoid hypocapnia during ALV and use protec-
tive ALV modes with lower tidal volumes (as part of an over-

all strategy to reduce postoperative complications); taking 
into account the lack of evidence on the benefits of differ-
ent types of anesthesia for the prevention of PS, the choice 
of anesthesia should be based on the type of surgical in-
tervention, the skills of anesthesiologists and the individu-
al characteristics of the patient.
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