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ABSTRACT
Stroke is associated with substantial morbidity and mortality. The aim of this 
review is to provide an evidence-based synthesis of the literature related to 
perioperative stroke, including its etiology, common risk factors, and poten-
tial risk reduction strategies. In addition, the authors will discuss screening 
methods for the detection of postoperative cerebral ischemia and how mul-
tidisciplinary collaborations, including endovascular interventions, should be 
considered to improve patient outcomes. Lastly, the authors will discuss the 
clinical and scientific knowledge gaps that need to be addressed to reduce the 
incidence and improve outcomes after perioperative stroke.
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Postoperative stroke is associated with delayed recognition, 
infrequent intervention, and high rates of mortality and 

disability.1,2 In fact, the risk of death or major disability at 
discharge exceeds 80% for noncardiac surgery patients, and 
long-term care is frequently required.1 Epidemiologic data 
also suggest that the incidence of perioperative stroke may 
be increasing.3 The risk of stroke ranges from approximately 
0.1 to 2% depending on risk factors,4 although clinically 
unrecognized (i.e., covert) stroke may occur in 7% of non-
cardiac surgery patients 65 yr and older.5 Furthermore, those 
with clinically unrecognized stroke demonstrate an increased 
risk of long-term cognitive impairment, similar to cognitive 
declines observed after clinically detected stroke.5,6 As such, 
perioperative stroke occurs with considerable frequency and 
is associated with substantial morbidity and mortality.

Our understanding of perioperative stroke has advanced 
over recent years. Details regarding stroke etiology and ana-
tomical distributions have been reported,7–10 and multiple 
risk prediction models have been developed.11 Strategies 
for preoperative optimization have been identified,12,13 and 
the role of endovascular thrombectomy has been clarified 
for patients with large-vessel occlusion.14–18 Such advances 
in knowledge have informed and motivated changes to 
perioperative guidelines, particularly with respect to surgi-
cal timing,19 anticoagulation strategies,19–21 and acute stroke 
management.22 The purpose of this narrative review is to 
provide evidence-based updates with respect to perioper-
ative stroke, with a focus on the noncardiac surgery set-
ting. Because the majority of perioperative strokes appear 
to be ischemic,7–10 ischemic perioperative stroke will be 
the primary focus of this review. We will also describe the 
public health consequences of perioperative stroke and 
areas in need of continued study to aid in the prevention, 

identification, and optimization of treatment after periop-
erative stroke to improve patient outcomes.

Definition, Etiology, and Pathophysiology
Stroke is defined as brain cell death attributable to ischemia, 
based on neuropathological, neuroimaging, and/or clinical 
evidence of permanent injury.23 Such an injury may result 
in considerable clinical deficits. Alternatively, small infarcts 
may be clinically unrecognizable (i.e., covert stroke), and 
a transient ischemic attack reflects a temporary period of 
cerebral ischemia without permanent infarction. For sur-
gical patients, perioperative stroke will be defined as brain 
infarction that occurs within 30 days of surgery.24

The major causes of ischemic stroke include embolism, 
thrombosis, and decreased perfusion.25 In this context, clas-
sification systems have been created with the objective of 
categorizing acute ischemic stroke based on etiology and 
anatomy.  The Trial of Org 10172 in Acute Stroke Treatment 
(TOAST) offers a system for coherently defining stroke 
subtypes across clinical trials.26 This system classifies isch-
emic stroke into large-vessel or small-vessel categories, and 
cardioembolic causes are differentiated from atherothrom-
bosis. The Oxfordshire Community Stroke Project pro-
vides a classification system based on anatomical location 
and natural history of acute stroke.27 One advantage to the 
TOAST system is a more precise classification of etiology, 
because the Oxfordshire criteria focus more on anatomical 
location. The Oxfordshire system does, however, provide 
additional anatomical detail (e.g., anterior, partial anterior, 
posterior) compared to the TOAST System (table 1).

These classification systems have been applied to periop-
erative stroke. The majority of perioperative strokes occur 
in large-vessel territories, with cardioembolism and throm-
botic events causing large-vessel occlusion and subsequent 
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stroke.7–10 In the case of cardioembolism, interruption of 
anticoagulation therapy increases risk for cerebral embolism 
formation. Similarly, interruption of antithrombotic medi-
cations (e.g., aspirin) can contribute to cerebral thrombo-
sis, particularly given that surgery induces a prothrombotic 
state,28 and cessation of antithrombotic therapy can produce 
rebound hypercoagulability perioperatively.29 Indeed, risk of 
perioperative stroke appears highest within the first 3 days 
after surgery,8 when anticoagulation and antithrombotic 
medications are often just being restarted. Although cerebral 
hypoperfusion may also lead to perioperative stroke, throm-
boembolic stroke appears to occur more commonly.8,9 Lastly, 
etiology remains undetermined in approximately 30% of 
perioperative stroke cases based on medical record review.8,9

Overall, perioperative stroke most often occurs within 
the first few days after surgery, in large-vessel territories, 
due to major thromboembolic events. Etiology frequently 
nonetheless remains unclassifiable, which impedes patho-
physiological understanding.

Risk Factors and Incidence
Identifying patients at risk for perioperative stroke requires 
determination—and recognition—of underlying risk fac-
tors. Given the relative rarity of overt perioperative stroke, 
risk factors have been largely identified from large-scale epi-
demiologic studies (table 2). Older age and previous cere-
brovascular disease history are among the most commonly 
and strongly identified risk factors. The presence of patent 
foramen ovale was recently identified as a risk factor at both 
30 days and up to 2 yr after surgery.7,30 For noncardiac, non-
neurologic patients with limited risk factors, overt stroke risk 
is 0.1%.4 For patients with five or more risk factors under-
going relatively low-risk procedures, stroke risk is 1.9%, on 
par with the risk of stroke after high-risk procedures such 
carotid endarterectomy.31 In a similarly low surgical risk 
subset of patients over 65 yr, the incidence of covert (clini-
cally unrecognized) stroke diagnosed by postoperative mag-
netic resonance imaging was 7%.5 The Neurological Impact 
of Cerebrovascular Events in Non-Cardiac Surgery Patients 
Cohort Evaluation (NeuroVISION) study, in addition 
to demonstrating a surprisingly high incidence of covert 
stroke, also suggested that covert stroke may have long-term 
effects on cognition and risk for recurrent ischemic stroke.5

As risk factors have been identified and clarified over the 
years, prediction models have become available for char-
acterizing perioperative stroke risk. A recent observational 
study compared the effectiveness of existing prediction 
models, largely based on cardiovascular risk stratification, 
for predicting perioperative stroke after noncardiac sur-
gery.11 Results demonstrated that the American College of 
Surgeons (Chicago, Illinois) surgical risk calculator32 and 
Myocardial Infarction or Cardiac Arrest risk score33 had the 
highest discriminative ability for perioperative stroke. The 
Myocardial Infarction or Cardiac Arrest risk score has the 
additional advantage of simplicity, incorporating only five 
patient factors while still offering excellent discrimination 
for stroke.11 Stroke risk (%) was not reported in relation 
to specific scores or thresholds for the majority of these 
prediction tools. However, in general, patients with high 
cardiovascular risk based on these models are likely to have 
high stroke risk as well.

Overall, the Myocardial Infarction or Cardiac Arrest and 
American College of Surgeons surgical risk calculators serve 
as easily accessible tools for practicing anesthesiologists pre-
paring high-risk patients for surgery. These models could be 
used to gauge the overall risk of cardiovascular and cere-
brovascular events (i.e., via myocardial infarction or cardiac 
arrest or American College of Surgeons surgical risk calcu-
lators) alongside complementary models that provide quan-
titative estimates of stroke risk.4 This risk assessment is an 
important message to convey, because high-risk patients are 
infrequently counseled regarding perioperative stroke risk.34

Clinical Resources and Guidelines
There are many resources available to assist with detection 
and management of stroke. Several screening tools have 
been developed for nonspecialists, although none of these 
scales have been validated in the perioperative setting. An 
ideal perioperative screening tool should be simple to use, 
quick to administer, and able to detect neurologic defi-
cits in the setting of residual anesthesia and related con-
founders (e.g., opioid use, pain). One proposed strategy, the 
Face, Arm, Anesthesia, Speech, Time (FAAST) stroke scale 
(table 3), aims to fulfill these criteria by focusing on signs 

Table 1.  Stroke Subtype Classification Systems

Trial of Org 10172 in  
Acute Stroke Treatment

Oxfordshire Community  
Stroke Project

Large-artery atherosclerosis Total anterior circulation infarct
Cardioembolism Partial anterior circulation infarct
Small-vessel occlusion Posterior circulation infarct
Stroke of other determined etiology Lacunar infarct
Stroke of undetermined etiology  

Table 2.  Independent Risk Factors for Perioperative Stroke

Age
Cerebrovascular disease
Valvular disease
Atrial fibrillation
Coronary artery disease
Acute renal failure or hemodialysis
Patent foramen ovale
Diabetes mellitus
Hypertension
Chronic obstructive pulmonary disease
Congestive heart failure
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and symptoms of major stroke.35 For example, occlusion 
of a large cerebral vessel can be detected by arm or leg 
paralysis, aphasia, and/or facial droop. These signs may be 
present either individually or collectively during a major 
stroke. This scale prompts the clinician to evaluate for these 
signs in a simple, efficient manner. Such a scale could be 
used in the early postoperative setting and administered by 
nonspecialist clinicians.

For comprehensive assessment and management, the 
American Heart Association (Dallas, Texas)/American 
Stroke Association (Dallas, Texas) publish recurrent guide-
lines for acute ischemic stroke.22 Similar guidelines are 
available from the European Stroke Organisation (Basel, 
Switzerland)36,37 and the Heart and Stroke Foundation of 
Canada (Ottawa, Canada).38 These guidelines contain evi-
dence-based recommendations for prehospital evaluation, 
in-hospital management, and prevention of stroke-related 
complications. These guidelines generally align with one 
another, with similar recommendations for supportive 
care and emergency management. They also each recom-
mend intravenous alteplase within 4.5 h if criteria are met, 
although administration beyond 4.5 h can be considered 
in select cases. Likewise, mechanical thrombectomy is rec-
ommended within 6 h of symptom onset, although specific 
patients may be eligible for up to 24 h after time last known 
well. Although these guidelines serve as a useful resource 
for clinicians caring for stroke patients, perioperative con-
siderations are not discussed in great detail. The Society 
for Neuroscience in Anesthesiology and Critical Care 
(Richmond, Virginia) publishes complementary guide-
lines for patients at high risk of stroke undergoing noncar-
diac, nonneurologic procedures.24 The main focus of these 
guidelines is to provide evidence-based recommendations 
for reducing stroke risk in surgical patients. Overall, there 
are thus many resources available for stroke assessment and 
management in the perioperative setting.

Preoperative Risk Modification
Optimal perioperative care for patients with high stroke 
risk begins with preoperative evaluation and the informed 

consent process. Patient survey data suggest that severe 
complications, even if uncommon, should be discussed.39 
Those with high stroke risk also tend to underestimate their 
risk of stroke.40 As such, appropriate counseling for high-
risk patients seems warranted to increase risk awareness 
and improve the informed consent process. Risk prediction 
models discussed previously can be used to estimate risk 
for a noncardiac surgery patient.4,11 In the following para-
graphs, we review evidence-based strategies for risk reduc-
tion (fig. 1).

Surgical Timing

As discussed above, cerebrovascular disease history is a 
risk factor for postoperative stroke.9,12 Previous stroke can 
impair cerebral autoregulation, and the presence of cere-
brovascular disease is associated with increased oxygen 
extraction and cerebral malperfusion.41–43 It is thus unsur-
prising that surgery is associated with new stroke given the 
physiologic perturbations inherent to the surgical setting. 
To assess optimal timing between previous ischemic stroke 
and elective surgery, a retrospective epidemiologic  cohort 
study of more than 480,000 noncardiac surgery patients 
was conducted using Danish National Patient Register 
data.12 Stroke history was associated with new postopera-
tive stroke, and risk was highest within the first 3 months 
after a previous stroke. Risk then leveled off by 9 months. 
Important limitations are worth noting. This was a large-
scale observational study, and factors other than previous 
stroke may have driven increased postoperative stroke risk. 
Previous stroke also predisposes to recurrent risk outside 
of the surgical setting.44 The authors addressed this latter 
possibility by comparing stroke risk in surgical and non-
surgical patients using population data from Denmark. In 
this analysis, stroke incidence remained higher in surgical 
patients across each time point studied.45 As such, surgery 
seems to impose stroke risk, and delaying elective surgery 
for at least 9 months after a previous ischemic stroke may be 
warranted, when possible.12

Medication Optimization

Preoperative medication optimization represents one strat-
egy for the mitigating risk of adverse perioperative out-
comes. For example, β-blocker therapy can attenuate 
catecholaminergic tone and, by extension, risk of adverse 
cardiac events.46 However, β-adrenergic receptor antago-
nism can also create conditions for reduced cerebral perfu-
sion pressure by reducing cardiac output and cerebrovascular 
vasodilatation.47–49 In the landmark PeriOperative ISchemic 
Evaluation (POISE) trial, patients randomized to metopro-
lol demonstrated a significantly higher stroke risk (approxi-
mately two-fold) compared to placebo.46 A follow-up 2014 
systematic analysis of nine randomized controlled trials, 
including POISE, demonstrated that preoperative β block-
ade initiation was associated with increased risk of nonfatal 

Table 3.  Face, Arm, Anesthesia, Speech, Time (FAAST) Test 
for Postsurgical Wards

FACE Uneven smile?
 Facial droop?
ARM Arm/leg numbness?
 Arm/leg weakness?
 Not due to surgery (limb procedures)?
ANESTHESIA Residual anesthetic effect?
SPEECH Slurring speech?
 Difficulty to speak or to understand?
TIME Get help immediately – “Time is Brain”

Reprinted from Sun et al.35 with permission from Elsevier.
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stroke.13 These results stand in contrast to observational 
studies reporting on stroke risk in relation to chronic β 
blockade. For patients with hypertension,50 previous cor-
onary revascularization,51 diabetes mellitus,52 and multiple 
cardiovascular risk factors,53 there does not appear to be 
an association between chronic β blockade and periopera-
tive stroke. One explanation is that chronic administration 
allows for appropriate titration. In the POISE trial, patients 
were started on 200 mg of metoprolol extended release 2 
to 4 h before surgery, and daily administration continued 
postoperatively. Appropriate dose titration over an extended 
period of time, before surgical interventions, may allow for 
appropriate dosing and hemodynamic optimization.

Like β blockers, statins have been studied in relation to 
perioperative cardiovascular and cerebrovascular outcomes. 
Postulated mechanisms of action include modification of 

endothelial function,54 attenuation of inflammatory pro-
cesses,55 and increased atherosclerotic plaque stability.56 
These properties are relevant to the perioperative setting, 
because these mechanisms might reduce atherothrom-
botic events (e.g., myocardial infarction, stroke) in surgical 
patients. In 2018, a meta-analysis of 12 randomized con-
trolled trials (2004 to 2017) involving more than 4,700 
noncardiac surgery patients was conducted to investigate 
whether statins improve such perioperative outcomes.57 
Compared to the control arms, the statin groups demon-
strated a reduced incidence of myocardial infarction, atrial 
fibrillation, and a composite outcome including mortal-
ity. However, groups randomized to statin therapy did not 
demonstrate a significant reduction in perioperative stroke 
or transient ischemic attack risk. These findings align with 
large-scale observational studies involving noncardiac 

Fig. 1.  Proposed framework for evaluating patients with high risk of perioperative stroke. *Independent risk factors have been elucidated 
across large-scale, epidemiologic studies as described in the text and outlined in table 2. †Longitudinal epidemiologic analysis suggests 
that risk of new perioperative stroke levels off by approximately 9 months after previous stroke. ‡The Canadian Cardiovascular Society, the 
American College of Surgeons, and the American College of Cardiology have all published recent anticoagulation guideline updates (see 
text for references). Likewise, the American Heart Association/American Stroke Association, the European Stroke Association, and Heart and 
Stroke Foundation of Canada have published recurrent guidelines for the early management of patients with acute ischemic stroke (see text 
for references).
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surgery patients that demonstrate reduced mortality and 
risk of major adverse cardiac events but no effect on stroke 
risk.53,58 Thus, although perioperative statin administration 
is associated with reduced mortality and adverse cardiovas-
cular events, there does not appear to be a clearly defined 
association with stroke risk. Continuation of perioperative 
statin therapy may nonetheless be helpful for reducing car-
diovascular morbidity and mortality.

Perioperative Anticoagulation

Anticoagulation strategies must balance the need for throm-
boembolic prevention against the risk of major surgical 
bleeding. Table  4 illustrates the current anticoagulation 
strategy proposed by the American College of Surgeons. 
For vitamin K antagonists, such as warfarin, heparin-based 
bridging therapies are generally reserved for high-risk 
patients, such as those with mechanical heart valves, rheu-
matic heart disease, high CHA

2
DS

2
–VASc (Congestive heart 

failure/left ventricular dysfunction, Hypertension, Age ≥75, 
Diabetes mellitus, Stroke/transient ischemic attack/throm-
boembolism, Vascular disease, Age 65-74, Female sex) scores 
(6 or higher), recent thromboembolism, thromboembolism 
while on anticoagulation therapy, or known cardiac throm-
bus.19–21 For low- to moderate-risk patients, bridging ther-
apy increases the risk of hemorrhage without reducing the 
incidence of thromboembolism.59 For direct oral anticoagu-
lants, the last dose is typically administered 2 to 3 days before 
the surgical procedure depending on thromboembolic risk, 
surgical bleeding risk, and comorbidities (e.g., renal func-
tion).19 Bridging is not required for these anticoagulants, 
because such therapy tends to increase the risk of major 
bleeding without reducing thromboembolic events.60 The 

Perioperative Anticoagulant Use for Surgery Evaluation 
(PAUSE) study prospectively evaluated the safety of a stan-
dardized protocol for perioperative management of direct 
oral anticoagulants (apixaban, dabigatran, rivaroxaban).61 The 
risks of stroke and major perioperative bleeding were both 
low across the study cohort. The last dose of each anticoag-
ulant was administered 2 to 3 days before surgery for those 
with creatinine clearance of more than 50 ml/min, and pro-
tocol adherence was high throughout the study.  This study 
mirrored the strategy outlined in table 4 for direct oral anti-
coagulants and demonstrates feasibility with implementing 
such a protocol in practical settings. Overall, anticoagulation 
bridging is reserved only for high-risk patients on vitamin K 
antagonists, such as warfarin. For direct oral anticoagulants, 
these medications are held 2 to 3 days before surgery and 
resumed 1 to 3 days postoperatively, depending on throm-
boembolic and bleeding risks (table 4).

Intraoperative Considerations

Blood Pressure

Intraoperative hypotension is often implicated as a pos-
sible contributor to perioperative stroke, but specific 
thresholds that portend increased risk remain unclear for 
the noncardiac surgery patient. For example, in a recent 
retrospective, case-control study, the duration and severity 
of hypotension below a mean arterial pressure (MAP) of 
70 mmHg were not associated with perioperative stroke.62 
One limitation of the study was that the results were pri-
marily restricted to very mild hypotension (i.e., MAP of 
less than 70 mmHg). The data nonetheless suggest that fac-
tors other than mild intraoperative hypotension probably 

Table 4.  Approach to Perioperative Bridging of Anticoagulation Management

Category High Bleeding Risk Procedure Low Bleeding Risk Procedure

High thromboembolic risk   
  Warfarin Give last dose 6 days before operation, bridge with low-molec-

ular-weight heparin or unfractionated heparin, resume 24 h 
postoperatively

Give last dose 6 days before operation, bridge with 
low-molecular-weight heparin or unfractionated heparin, 
resume 24 h postoperatively

  Direct oral anticoagulants Give last dose 3 days before operation,* resume 2 to 3 days 
postoperatively

Give last dose 2 days before operation,* resume 24 h 
postoperatively

Intermediate thromboembolic risk   
  Warfarin Give last dose 6 days before operation, determine need for bridging 

by clinician judgment and current evidence, resume 24 h 
postoperatively

Give last dose 6 days before operation, determine need 
for bridging by clinician judgment and current evidence, 
resume 24 h postoperatively

  Direct oral anticoagulants Give last dose 3 days before operation,* resume 2 to 3 days 
postoperatively

Give last dose 2 days before operation,* resume 24 h 
postoperatively

Low thromboembolic risk   
  Warfarin Give last dose 6 days before operation, bridging not recommended, 

resume 24 h postoperatively
Give last dose 6 days before operation, bridging not recom-

mended, resume 24 h postoperatively
  Direct oral anticoagulants Give last dose 3 days before operation,* resume 2 to 3 days 

postoperatively
Give last dose 2 days before operation,* resume 24 h 

postoperatively

*In patients with creatinine clearance < 50 ml/min on dabigatran, the last dose should be given 3 days before the procedure for low bleeding risk surgery and 4 to 5 days before the 
procedure for high bleeding risk operation.
Reprinted from Hornor et al.19 with permission from Elsevier.
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contribute substantially to postoperative stroke, although 
this conclusion is restricted to the institution studied. In 
a similar retrospective, case-control study, the investiga-
tors tested associations between stroke risk and time spent 
below various systolic and MAP thresholds in a broad, 
noncardiac surgery population (n = 48,241).63 Time spent 
with MAP more than 30% below baseline was associated 
with stroke (odds ratio = 1.013/min hypotension). It is 
important to note, however, that none of the other abso-
lute or relative thresholds studied, including MAP more 
than 40% below baseline, were associated with stroke. Of 
note, because there is no uniform definition for baseline 
blood pressure, measuring relative blood pressure changes 
with respect to stroke risk is fundamentally challenging. 
In summary, there is no clearly defined intraoperative 
blood pressure threshold below which noncardiac surgery 
patients are at increased risk for perioperative stroke. This 
supports the notion that intraoperative blood pressure is 
one of many possible factors that contribute to the risk of 
perioperative stroke.

Anesthetic Technique

Anesthetic technique has also been studied in relation to 
stroke risk. General anesthesia has been reported as an 
independent predictor of perioperative stroke in a large-
scale investigation (more than 380,000 subjects) of hip 
and knee arthroplasty patients.64 These results stand in 
contrast to smaller-scale investigations involving vascular65 
and gynecologic surgery66 patients that demonstrated no 
associations with anesthetic technique and stroke risk. One 
explanation is that the effect size of anesthetic technique on 
stroke risk is small, requiring a large-scale investigation for 
detection. Alternatively, findings may be specific to surgical 
subtypes. Regional techniques are associated with less blood 
loss67 and thromboembolic phenomena68 in orthopedic 
surgery patients. Large-scale investigations involving broad 
surgical subtypes may provide further insights.

Last, large-scale, multicenter trials have investigated out-
comes in relation to specific maintenance techniques (e.g., 
propofol, nitrous oxide, volatile agents). The Mortality in 
Cardiac Surgery Randomized Controlled Trial of Volatile 
Anesthetics (MYRIAD) Trial randomized 5,400 cardiac 
surgery patients to a volatile-based technique or propo-
fol anesthesia. Stroke risk was similar between the volatile 
anesthetic group (0.8%) and propofol group (0.6%) in the 
per-protocol analysis. The Evaluation of Nitrous Oxide in 
the Gas Mixture for Anaesthesia (ENIGMA)-II trial ran-
domized 7,112 noncardiac surgery patients with cardiovas-
cular risk factors to nitrous oxide (70% N

2
O in 30% O

2
) or 

no nitrous oxide (70% N
2
 in 30% O

2
) during surgical anes-

thesia.70 There was no association between nitrous oxide 
and stroke at the 30-day or 1-year follow-up periods. Thus, 
for general anesthesia, the choice of maintenance technique 
does not appear to impact stroke risk. Similarly, the decision 
to choose general anesthesia versus regional anesthesia does 

not appear to impact stroke risk with the possible exception 
of patients undergoing joint arthroplasty.

Postoperative Management

Screening and Diagnostic Considerations

Stroke detection is challenging postoperatively. The signs 
and symptoms of stroke can be masked in the setting of 
opioid and sedative administration, pain, and delayed neu-
rocognitive recovery after surgery and anesthesia. In fact, 
perioperative stroke is associated with delayed recognition, 
diagnosis, and neuroimaging compared to out-of-hospital 
stroke.1,2 Various clinical screening tools are available for 
stroke detection,35 but these assessments have not been val-
idated in the perioperative setting. Furthermore, perioper-
ative changes in cognition and physical exam findings can 
trigger false-positive results. A recent prospective cohort 
study of noncardiac surgery patients revealed that modified 
National Institutes of Health (Bethesda, Maryland) stroke 
scale changes were common postoperatively.71 Increased 
scores, compared with preoperative baseline, were found in 
20% of low-risk patients and more than 30% of high-risk 
patients. Such tools may thus have a low positive predic-
tive value in the immediate postoperative setting. In the 
absence of reliable physical examination findings or clinical 
assessment tools, serum biomarkers may serve in a comple-
mentary role to assist with disease screening and diagnosis. 
However, currently, there are no clinically validated, reli-
able biomarkers for detecting cerebral ischemia and infarc-
tion.71 Thus, currently available clinical screening tools and 
serum biomarkers are not presently recommended for rou-
tine postoperative screening. A targeted examination that 
focuses on signs and symptoms of large-vessel occlusion 
(table 3) may improve stroke detection.

In the event of suspected stroke, urgent noncontrast 
computed tomography or magnetic resonance imaging 
should be ordered to rule out intracranial hemorrhage. 
If large-vessel occlusion is suspected, concurrent com-
puted tomography angiography and perfusion or diffu-
sion-weighted magnetic resonance imaging should be 
performed. Such perfusion-guided imaging can assess for 
viable penumbra and eligibility for endovascular interven-
tion. Recent trials have demonstrated improved functional 
outcomes in patients who underwent endovascular throm-
bectomy for large-vessel stroke, even with intervals of 16 to 
24 h since the patient was last known to be well.17 Thus, sur-
gical patients with a large-vessel postoperative stroke may 
benefit from endovascular interventions even several hours 
after time last known well.

Stroke Management

Once acute ischemic stroke is identified, subsequent eval-
uation and clinical decision-making should occur within 
a multidisciplinary framework that includes neurology, 
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interventional neuroradiology, and the primary surgical ser-
vice. Intravenous recombinant tissue plasminogen activator 
remains standard therapy for acute thromboembolic stroke; 
however, the decision to administer recombinant tissue plas-
minogen activator should occur carefully in the postopera-
tive patient and in close collaboration with neurologic and 
surgical services. The thrombolytic potential of rtPA should 
be weighed against the documented risk of postoperative 
hemorrhage.72 Although recent intracranial or major spinal 
surgery is a contraindication to intravenous recombinant 
tissue plasminogen activator, other types of major surgery 
are relative, rather than absolute, contraindications.73

Endovascular interventions may be appealing for 
large-vessel occlusion given the targeted anatomical 
approach without need for systemic thrombolytic therapy. 
Within the past 5 years, multiple clinical trials have demon-
strated improved functional outcomes in patients who 
underwent endovascular mechanical thrombectomy with 
retrievable stent devices,14–16 with a pooled number needed 
to treat of 2.6 for reducing major disability.74 Guidelines 
are available for anesthetic management of endovascu-
lar treatment for acute ischemic stroke by the Society for 
Neuroscience in Anesthesiology and Critical Care.75 These 
guidelines include optimal strategies for preoperative evalu-
ation, intraoperative management, and postoperative dispo-
sition. To review key recommendations, general anesthesia 
is usually elected for patients with profoundly decreased 
levels of consciousness or difficulty with protecting the 
airway. Outcomes otherwise appear to be similar between 
general anesthesia and conscious sedation techniques.76–78 In 
fact, pooled meta-analytical data suggest that patients who 
undergo general anesthesia may demonstrate improved 
functional outcomes and recanalization rates compared to 
conscious sedation techniques.79,80 Additionally, implemen-
tation of hemodynamic protocols during general anesthesia, 
with targeted thresholds for blood pressure treatment, may 
further mitigate risk of poor outcomes.81 Patients should 
then be admitted to dedicated intensive care units specializ-
ing in stroke care after the procedure.

Last, optimal physiologic management during stroke is 
imperative, both in conjunction with interventional treat-
ments and in the absence of interventions (i.e., if ineligible, 
for example). The American Heart Association/American 
Stroke Association published guidelines for such supportive 
management in the acute stroke setting.22 Intubation and 
mechanical ventilation are recommended for those with 
severely decreased consciousness or brainstem dysfunc-
tion that compromises the airway. Systolic blood pressure 
(SBP) should be lowered to less than 185 mmHg, and dia-
stolic blood pressure should be lowered to less than 110 
mmHg, if IV alteplase and/or mechanical thrombectomy 
are being considered. For patients ineligible for such ther-
apies, SBP should be maintained at less than 220 mmHg, 
and diastolic blood pressure should be less than 120 mmHg. 
Epidemiologic data reveal an association between increased 

mortality and SBP of less than 130 mmHg during stroke 
presentation, although this association does not necessar-
ily reflect causality.82 Nonetheless, there appears to be a 
“U-shaped” relationship between stroke mortality and 
admission blood pressure, with extreme values of hypo- 
and hypertension most strongly associated with increased 
mortality. Hyperglycemia (greater than 180 mg/dl) is also 
associated with worse stroke outcomes,83 although aggres-
sive efforts to reduce hyperglycemia (less than 130 mg/
dl) do not appear to improve outcomes and may increase 
risk of hypoglycemic events.84 Reserving treatment for 
glucose more than 180 mg/dl thus appears reasonable. 
Hyperthermia within 24 h after stroke has been associated 
with increased mortality and should be treated.85

In summary, new studies support endovascular inter-
vention for large-vessel occlusion, even with prolonged 
time between stroke onset and clinical recognition. This 
makes identification of new neurologic symptoms critical 
in surgical patients, who may be candidates for endovas-
cular intervention. A coordinated, multispecialty response, 
careful blood pressure management, and determination of 
anesthetic technique (based on individual patient needs) are 
all essential to optimizing patient care in this setting.

Consequences of Postoperative Stroke
There are nearly 20 million surgeries per year in patients 
65 yr of age and older requiring inpatient admission in the 
United States alone.86 Risk of covert stroke may reach 7% 
in such patients,5 and overt perioperative stroke risk ranges 
from approximately 0.1 to 2%4 depending on risk factors. 
Taken together, these data suggest that nearly 1.4 million 
older surgical patients per year may experience covert 
stroke (with attendant consequences, such as delirium and 
cognitive decline),5 and approximately 20,000 to 400,000 
will suffer an overt perioperative stroke and associated 
complications, such as death, disability, prolonged hospi-
talization, and discharge to rehabilitation facilities. These 
estimates are even higher worldwide. Perioperative stroke 
is thus a major public health issue, and the time is ripe for 
developing programmatic initiatives and research agendas 
to better understand, predict, and prevent stroke and related 
perioperative complications.

Future Directions
There is currently no system for preoperatively testing 
physiologic factors that may contribute to stroke risk. A 
targeted assessment of cerebrovascular reserve may help to 
identify high-risk patients and guide perioperative manage-
ment. For example, patients with preexisting cerebrovascu-
lar disease could undergo preoperative functional magnetic 
resonance imaging testing for determining cerebrovascular 
reserve. Such testing would be analogous to neurosurgical 
patients who undergo mapping for cerebrovascular insuf-
ficiency.87 This mapping could reveal regions of impaired 
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cerebral autoregulation, such that these vascular territories 
may be passively dependent on blood pressure for adequate 
cerebral perfusion. This line of investigation may thus ulti-
mately help to identify personalized intraoperative blood 
pressure and end-tidal carbon dioxide goals for optimizing 
cerebrovascular perfusion. Such preoperative imaging could 
also help to detect significant stenosis (e.g., atherosclerotic 
plaque). Patients at high risk for cardioembolic phenomena 
could be tested perioperatively with transcranial Doppler 
high-intensity transient signal analysis. Signs of cerebral 
emboli could guide perioperative anticoagulation strate-
gies. Updated prediction models are also needed. As dis-
cussed previously, risk classification systems generated from 
National Surgical Quality Improvement Program data do 
not include key risk factors (e.g., atrial fibrillation, valvu-
lar heart disease).4 Although cardiovascular risk prediction 
models have been compared for perioperative stroke dis-
criminative ability,11 information was not reported on stroke 
risk for given scores or thresholds. As such, a risk prediction 
model is still needed that comprehensively incorporates all 
relevant risk factors while presenting quantitative data for 
stroke risk stratification.

Intraoperative risk factors also warrant further study. For 
example, emerging data suggest that intraoperative blood 
pressure commonly falls below lower autoregulatory thresh-
olds,88–90 and both hypo- and hyperventilation may further 
reduce cerebral blood flow below thresholds required for 
hypoxic–ischemic injury.41 As such, the combination of 
hypotension and end-tidal carbon dioxide perturbations 
could be studied in relation to stroke risk using multicenter 
databases with intraoperative physiologic data points.91 
Near-infrared spectroscopy- and bioimpedance-based strat-
egies can be also tested intraoperatively for defining crit-
ical thresholds for cerebral blood flow.89,92 Postoperative 
screening and monitoring strategies also require further 
development. Current clinical assessment tools and serum 
biomarkers do not appear to have high specificity in the 
perioperative setting.71 Neurophysiologic methods (e.g., 
electroencephalography, transcranial Doppler, bioimped-
ance) could be tested for detecting cerebrovascular vulner-
ability postoperatively. Last, a perioperative stroke registry 
could be created to curate granular detail on preoperative 
risk factors, surgical subtypes, intraoperative physiology and 
events, postoperative management, reported etiologies, and 
long-term trajectory. Detailed clinical information, par-
ticularly involving clinical and physiologic events before 
stroke, along with neuroradiologic imaging (where avail-
able), could inform pathophysiologic understanding. These 
candidate strategies are outlined in table 5.

Conclusions

Perioperative stroke is a detrimental outcome for surgical 
patients. Furthermore, stroke recognition is often delayed in 
the perioperative setting, and consequences include death, 
severe disability, and discharge to long-term care facilities. 

Risk reduction strategies include delaying elective surgery 
after recent stroke and medication optimization. Further 
investigation is required to determine the role of intraop-
erative physiologic management and stroke risk, and novel 
strategies are required to improve stroke detection post-
operatively. Anesthesiologists can play a vital role in lead-
ing the required scientific and clinical efforts to advance 
perioperative stroke understanding and improve clinical 
management.
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