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Perioperative Care of Patients at High Risk for Stroke
During or After Non-Cardiac, Non-Neurological Surgery:
2020 Guidelines From the Society for Neuroscience in

Anesthesiology and Critical Care
Phillip E. Vlisides, MD,*† Laurel E. Moore, MD,* Matthew K. Whalin, MD,‡§

Steven A. Robicsek, MD, PhD,∥ Adrian W. Gelb, MBChB,¶
Abhijit V. Lele, MBBS, MD, MS, FNCS,# and George A. Mashour, MD, PhD*†

Abstract: Perioperative stroke is associated with considerable
morbidity and mortality. Stroke recognition and diagnosis are
challenging perioperatively, and surgical patients receive ther-
apeutic interventions less frequently compared with stroke pa-
tients in the outpatient setting. These updated guidelines from the
Society for Neuroscience in Anesthesiology and Critical Care
provide evidence-based recommendations regarding perioper-
ative care of patients at high risk for stroke. Recommended areas
for future investigation are also proposed.

Key Words: anesthesia, cerebrovascular disorders, neurological
outcomes, perioperative care, postoperative complications,
stroke

(J Neurosurg Anesthesiol 2020;00:000–000)

S troke can be a devastating outcome for surgical pa-
tients and is associated with an adjusted 8-fold increase

in mortality.1 Unfortunately, the incidence of perioper-
ative stroke has been increasing,2 and the risk of clinically
silent stroke may reach 7% in patients 65 years and older
undergoing major noncardiac surgery.3 Furthermore,
perioperative stroke is associated with delayed recog-
nition, less frequent intervention, and higher rates of death
and disability compared with a stroke occurring in the
nonoperative setting.4,5 In these practice guidelines, we
systematically review past and current evidence regarding
incidence, pathogenesis, prevention, and management of
perioperative stroke. These recommendations build upon
the initial consensus statement published by the Society
for Neuroscience in Anesthesiology and Critical Care
(SNACC) in 2014.6

METHODOLOGY

Definition of Perioperative Stroke
For the purposes of these guidelines, “perioperative

stroke” is defined as a brain infarction of ischemic or
hemorrhagic etiology that occurs during surgery or within
30 days after surgery. We recommend that this definition
be adopted as the standardized definition of perioperative
stroke. These guidelines focus on care for surgical patients
with high stroke risk or suspected stroke; periprocedural
guidelines for endovascular stroke interventions are de-
scribed separately.7

Purpose of the Guidelines
The purpose of these guidelines is to provide current

evidence-based recommendations regarding the following:
(1) preoperative risk stratification and optimization, (2)
intraoperative management to mitigate risk, and (3) ap-
propriate steps for clinical care if the stroke is suspected or
identified in the postoperative period. Since the initial
SNACC consensus statement was published,6 several
major studies have been conducted that have influenced
clinical care and prompted changes in other perioperative
guidelines (as discussed in relevant sections). The present
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guidelines were thus written to reflect the updated medical
literature and are not intended as clinical standards.
Rather, the recommendations are meant to assist with
individual clinical decision-making in patients at high risk
for perioperative stroke.

Focus
As previously outlined,6 the focus of these guidelines

remains on the prevention and management of ischemic
stroke in adult patients undergoing noncardiac, nonmajor
vascular, and nonneurological surgery. These recom-
mendations also apply to nonsurgical interventions (eg, in-
terventional radiology procedures) requiring anesthesia
provision.

Application
These guidelines are intended for use by perioper-

ative care teams, including anesthesiologists, nurse anes-
thetists, anesthesiologist assistants, surgeons, nurses, and
other care providers. They may also serve additional
health care professionals such as intensivists, neurologists,
internists, or other clinicians who evaluate either: (1) sur-
gical patients, and/or (2) those with a suspected stroke.
For the purposes of these guidelines, anesthesia care refers
primarily to general anesthesia, regional anesthesia, or
monitored anesthesia care. The principles and recom-
mendations discussed can also be considered for proce-
dures not involving anesthesia care teams.

Task Force Members and Consultants
Since the initial consensus statement was published,6

the task force was expanded to include additional members
(P.E.V., M.K.W.) with clinical and scientific expertise in
perioperative stroke and cerebrovascular disease. The guide-
lines were made available to active SNACC members for
review and comment before publication, and the final task
force roster and updated guidelines were approved by the
Executive Committee and Board of Directors of SNACC.

AVAILABILITY AND STRENGTH OF EVIDENCE
The literature search was conducted with PubMed,

Google Scholar, Embase, Web of Science, and direct in-
ternet searches. Database queries for updated studies were
restricted to humans, publication from January 1, 2014, to
present, and availability in English. The following search
terms and keywords were used: “stroke,” “cerebrovascular
disease,” “perioperative,” “surgical,” “surgery,” “non-
cardiac,” postoperative,” “perioperative,” “endovas-
cular,” “anticoagulation,” “bridging,” “bridge,” and
“management.” All retrieved articles were reviewed
manually for inclusion relevance.

These updated guidelines follow the American
College of Cardiology/American Heart Association
(ACC/AHA) methodology for assessing the quality of
evidence (Supplemental Digital Content: Supplementary
Table, http://links.lww.com/JNA/A275).8 This method was
chosen for multiple reasons. First, by using the ACC/AHA
methodology, direct comparisons can be made to related
clinical guidelines in terms of the supporting strength of

evidence. For example, this methodology is used by the
American Stroke Association,9 the ACC/AHA for peri-
operative management guidelines,10 and by SNACC for
anesthetic management of endovascular treatment of acute
ischemic stroke.7 Thus, using the ACC/AHA criteria will
allow for coherent evidence-grading methodology across
guidelines related to stroke or cerebrovascular disease.
In addition, although other strategies are available
(eg, GRADE Criteria11), the ACC/AHA methodology al-
lows for a flexible analysis of underlying evidence when
point estimates are not available for relevant clinical
questions and topics. Lastly, by consistently aligning with
this system, temporal comparisons can be made within
these guidelines to determine how evidence quality evolves
over time. Major chronological updates since the original
consensus statement can be found in Table 1.

PREOPERATIVE GUIDELINES

Stroke Pathophysiology and Etiology
Prospective, multicenter stroke registry data confirm that

noncardiac, nonmajor vascular surgical procedures are asso-
ciated with increased risk of stroke and/or transient ischemic
attack (TIA), with the highest risk occurring between 1 and
3 days after surgery (rate ratio=34.0, 95% confidence interval
[CI]: 26.9-42.8).12 To mitigate the risk of any adverse peri-
operative outcome, a fundamental step is to understand the
underlying pathophysiology and etiology. Multiple large-scale,
retrospective cohort studies have sought to classify perioper-
ative stroke etiology based on available data in medical
records.12–15 Overall, large-vessel and cardioembolic etiologies
are commonly identified, particularly in the anterior circulation
(anterior cerebral artery, middle cerebral artery)15; however, a
substantial proportion of cases (∼25% to 30%) do not have a
classified etiology per medical records (Fig. 1). Limited
cerebrovascular reserve may also insidiously contribute to
risk. For example, patients with preexisting cerebrovascular
disease demonstrate reduced cerebrovascular reserve, whereby
vascular dilation is maximized distal to sites of anatomical
occlusion.18 Additional deleterious perturbations (eg,
hypotension, hypocapnia/hypercapnia) throughout such
vascular beds may further predispose to hypoxic-ischemic
injury.18 Ultimately, to inform prevention strategies, further
investigation is required to better understand stroke etiology
and pathogenesis in the perioperative setting.

Preoperative Evaluation and Risk Evaluation
In contrast to the cardiovascular system, for which

physiological and clinical risk can be tested with multiple tools
(eg, electrocardiogram, echocardiogram, stress testing), there
is no standard preoperative system for evaluating cere-
brovascular physiology. Various strategies have been tested
for determining cerebrovascular vulnerability, though testing
has been largely restricted to nonsurgical or neurosurgical
settings. For example, the cerebrovascular reserve has been
mapped via blood oxygen level-dependent signal and vaso-
active stimuli (eg, CO2) in human volunteers and neuro-
surgical patients.19,20 Cerebral microembolic events have been
detected via high-intensity transcranial Doppler signals in
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high-risk nonsurgical patients,21,22 and distinct electro-
encephalographic patterns, such as oscillatory asymmetry and
increased delta/alpha ratios, have been identified during acute
stroke.23–25 The utility of such methodologies for predicting or
detecting cerebral ischemia has not been defined in the non-
cardiac, nonmajor vascular, non-neurological surgery setting.
Rigorous clinical testing is required as an initial step. As such,
cerebrovascular risk evaluation presently remains guided by
comorbidity-based risk factors in these surgical populations.

Three commonly and consistently identified clinical risk
factors for perioperative stroke include advanced age, prior
cerebrovascular disease, and renal failure.1,14,26–28 Recent
large-scale, database analyses (of administrative billing data)
extend this set of risk factors to include recent ischemic
stroke, emergency surgery, valvular heart disease, post-
operative hypotension, and patent foramen ovale
(Table 2).13,14,26 These additional risk factors can be
incorporated into clinical assessment alongside previously
established risk factors, such as age, cerebrovascular disease,
and renal failure. Lastly, Wilcox et al29 recently compared
multiple cardiovascular risk stratification models for
predicting stroke in noncardiac surgery patients. The
Myocardial Infarction or Cardiac Arrest (MICA) risk
score30 and American College of Surgeons Surgical Risk
Calculator (ACS-SRC)31 were the most highly discriminative
for perioperative stroke (c-statistic area under the curve 0.833
and 0.836, respectively). The MICA score only contains 5
components, compared with the 23-item ACS-SRC, and thus
may serve as a pragmatic and useful tool for predicting
perioperative stroke. However, quantitative stroke risk (ie,
percentage likelihood) is not reported based on specific
scores, nor are optimal sensitivity/specificity thresholds
presented. Nonetheless, relatively high scores within the
framework of each respective tool are likely to reflect
increased stroke risk.

Recommendations

(1) Preoperative physiological testing is not recommended
for determining cerebrovascular vulnerability (Level
C-LD, Class III: No Benefit).

(2) Screen for risk factors of postoperative stroke, most
notably recent or remote stroke history, and commu-
nicate such risk to patients and clinical care teams
(Level C-EO, Class IIb).

Informed Consent
The previous SNACC consensus statement recom-

mended discussing perioperative stroke with high-risk patients.6

Stroke risk approaches 2–3% in such patients with multiple risk
factors,1,32 and patient survey data suggest that major com-
plications with an incidence >1% should be discussed.33,34 A
recent survey administered to Canadian anesthesiologists re-
vealed that<50% of respondents routinely discuss perioperative
stroke with high-risk patients.35 Furthermore, <50% correctly
identified stroke incidence, most common stroke etiology, or
mortality rates. From the patient perspective, a follow-up cross-
sectional survey demonstrated that surgical patients may un-
derestimate their risk of stroke and less than half of respondents
endorsed previously discussing perioperative stroke.36 These
survey data suggest room for improvement with regards to
perioperative stroke education and counseling.

Recommendations
For those with high-stroke risk, such risk should be

communicated to patients and clinical care teams (Level
C-EO, Class IIb).

Timing of Elective Surgery After Stroke
Patients with prior stroke may have impaired cere-

brovascular autoregulation and chemoregulation for months

TABLE 1. Major Recommendation Updates
Strength of
Evidence

Class of
Recommendation

Preoperative recommendations
Consider delaying elective surgery for at least 9 mo after prior stroke Level B-NR Class IIa
For patients on vitamin K anticoagulants (eg, warfarin), stop medication 5 d preoperatively, and

only implement bridging anticoagulation for patients with moderate-to-high thromboembolic risk
Level A Class I

For patients on direct oral anticoagulants, stop anticoagulation 1-3 d preoperatively, resume
1-3 d postoperatively based on clinical risk factors. Avoid bridging therapy

Level A Class I

Intraoperative recommendations
In patients at high risk of perioperative stroke, maintaining normocapnia may prevent further

risk of cerebrovascular compromise
Level C-LD Class I

Intensive efforts to maintain tight control of serum glucose (eg, <130mg/dL) may result in
hypoglycemia and related adverse events

Level B-R Class III: Harm

Postoperative recommendations
Routine clinical screening for stroke is not recommended given the low positive predictive value

of current screening instruments
Level B-NR Class III: No Benefit

Currently available serum-based biomarkers are not recommended for stroke screening given
the low positive predictive value

Level B-NR Class III: No Benefit

For suspected large-vessel occlusion, computed tomography angiography and diffusion/perfusion
imaging should be obtained within 24 h of time last known well for endovascular therapy
consideration (Level A, Class I)

Level A Class I

Patients with large-vessel occlusion should receive mechanical thrombectomy as soon
as possible if criteria are met

Level A Class I
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to years after the initial insult,37,38 and multiple strokes may
further compromise cerebrovascular reactivity.39 In addition,
patients with cerebral artery occlusive disease may demon-
strate increased oxygen extraction, compromised cerebral
blood flow, and inadequate cerebral perfusion.18,40–42 These
physiological vulnerabilities may lead to increased perioper-
ative stroke risk in patients with prior stroke and cere-
brovascular disease history. A recent large-scale
observational study has supported this notion.3

In 2014, Jørgensen et al26 conducted a retrospective
cohort study including > 480,000 patients that underwent
elective, noncardiac surgery using Danish nationwide reg-
istry data (2005-2011). For patients with prior ischemic
stroke, the risk of new postoperative stroke was increased
compared with those with no stroke history, with the highest
adjusted risk within the first 3 months after prior stroke
(adjusted odds ratio [AOR]= 67.60, 95% CI: 52.27-87.42).
New stroke risk stabilized by 9 months but remained ele-
vated compared with those with no prior stroke history

(AOR= 8.17, 95% CI: 6.19-10.80). To further support these
findings, the authors then conducted a secondary analysis to
determine whether surgery itself was associated with the risk
of a new stroke, as the prior cerebrovascular disease itself
predisposes to recurrent stroke risk. After assessing re-
current stroke risk in > 72,000 nonsurgical patients from the
same dataset, stroke risk remained significantly elevated in
surgical patients across all time points up to 12 months after
surgery.43 Of note, the incidence of major cardiovascular
events was temporally increased in parallel with recurrent
stroke risk. Similar temporal patterns have been observed in
patients with previous stroke presenting for emergency
noncardiac, nonintracranial surgery.44 Thus, delaying elec-
tive surgery for at least 9 months after a prior stroke may be
warranted. This position was also recently endorsed by the
American College of Surgeons.45 Lastly, to prevent peri-
operative stroke in patients with recent cerebrovascular in-
sult, it is likely beneficial to identify the cause of the initial
stroke in conjunction with guideline-based diagnostic
recommendations.9

Recommendations
Consider delaying elective surgical cases for at least

9 months after a prior stroke (Level B-NR, Class IIa).

Management of Anticoagulant and Antiplatelet
Drugs

Major studies have been published within the past
5 years that have prompted changes in anticoagulation
guidelines. In 2015, the Perioperative Bridging Anti-
coagulation in Patients with Atrial Fibrillation (BRIDGE)
Trial examined whether forgoing bridging anticoagulation
would impact the risk of arterial thromboembolism or major
bleeding in patients with atrial fibrillation.46 Only patients
with vitamin K antagonist therapy (eg, warfarin) were in-
cluded. The trial found that forgoing bridging was noninferior
to bridging therapy with respect to thromboembolism risk
(0.4% vs. 0.3%, respectively, risk difference=0.1%, 95% CI:
−0.6 to 0.8; P=0.01) and superior to bridging for risk of
major bleeding (1.3% vs. 3.2%, respectively, relative risk
[RR]=0.41, 95% CI: 0.20-0.78; P=0.005). These findings
align with prior a meta-analysis of 34 studies and >12,000
patients that reported an increased risk of major bleeding
events for patients who received perioperative heparin
bridging.47 Of note, the mean CHADS2 score in the
BRIDGE Trial was 2.3, and <3% of patients had a CHADS2
score of ≥5. Patients with mechanical heart valves or recent
thromboembolic events were also excluded. Thus, findings
from the trial may not apply to high-risk patients. In addition,
multiple studies have examined the safety and effectiveness of
newer, direct oral anticoagulant agents.48–50 These drugs di-
rectly inhibit prothrombotic proteins in the coagulation cas-
cade. Because of their relatively short, predictable half-life,
direct oral anticoagulants can be interrupted for a shorter
period of time compared with warfarin. Furthermore,
bridging is not required with these agents, because this
practice appears to increase bleeding risk without reducing
thromboembolic events.51 Collectively, these studies have

FIGURE 1. Reported etiologies and vascular distribution of
perioperative stroke. A, Etiologies are reported based on Trial of
Org 10172 in Acute Stroke Treatment (TOAST) Criteria (large-
artery atherosclerosis, cardioembolism, small-vessel occlusion,
stroke of other determined etiology, and stroke of un-
determined etiology).12,14,16 For studies that report stroke
etiology,12,14 large-vessel and small-vessel stroke subtypes are
reported separately from cardioembolism. B, Vascular territory
is presented via Oxfordshire Criteria.12–14,17 Large-vessel terri-
tory includes total anterior, partial anterior, and posterior cir-
culation strokes.
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motivated and informed recent guideline updates. Specifi-
cally, the Canadian Cardiovascular Society (2016),52 Ameri-
can College of Cardiology (2017),53 and American College of
Surgeons (2018)45 have all published recent, focused updates
with regards to perioperative anticoagulation management.
These guidelines converge on similar themes: for direct oral
anticoagulants, no bridging therapy is required; for vitamin K
antagonist therapy (eg, warfarin), bridging anticoagulation is
reserved for patients with moderate-to-high thromboembolic
risk (Table 3). To summarize, direct oral anticoagulants are
generally held for 2 to 3 days preoperatively depending on
clinical risk factors and bleeding risk (Tables 4, 5), and
bridging therapy is deferred. For vitamin K antagonist
therapy, bridging is generally recommended only in the
following, high-risk situations: mechanical heart valve, high
CHA2DS2-VASc scores56 (generally ≥6), recent (within 3
mo) thromboembolism, history of thromboembolism while
on anticoagulation, known cardiac thrombus, and rheumatic
valve disease.45,52,53 Finally, the Perioperative Anticoagu-
lant Use for Surgery Evaluation (PAUSE) study was recently
published, which prospectively evaluated the safety of a
standardized, clinical protocol for interrupting direct oral
anticoagulants (dabigatran, apixaban, and rivaroxaban) in
relation to risk of major bleeding and stroke.57

Anticoagulants were stopped 1 to 2 days before surgery
based on clinical considerations (eg, renal function, bleeding
risk) and resumed 1 to 3 days postoperatively. Rates of stroke
(<1%) and major bleeding (0.9% to 2.96%) were consistent

with population averages.1,27,46 Thus, a standardized clinical
protocol for stopping direct oral anticoagulants can minimize
the risk of stroke and major bleeding with a minimal
interruption window and no requirement for heparin
bridging.

In terms of antiplatelet therapy, there is a paucity of
high-quality data to inform perioperative management,
particularly for high-risk patients with established athero-
sclerotic disease. Substudy analysis of the POISE-2 Trial was
recently published to analyze outcomes in patients with a
history of percutaneous coronary intervention.58 While as-
pirin reduced the risk of mortality or nonfatal myocardial
infarction (primary composite outcome) in those with prior
percutaneous coronary intervention, the overall incidence of
stroke was low (2/470, 0.4%), precluding definitive con-
clusions. Patients undergoing vascular surgery were also
separately analyzed in the main POISE-2 Trial.59 Similarly,
the incidence of stroke was rare in this cohort (1/537, 0.1%).
Thus, further investigation is required to determine the ef-
fects of aspirin on stroke risk in high-risk patients. Wolff
et al60 conducted a meta-analysis of randomized clinical
trials of patients randomized to aspirin therapy for non-
cardiac surgery. The majority of patients (>13,000) came
from the Pulmonary Embolism Prevention Trial,61 which
analyzed venous thromboembolism risk in orthopedic sur-
gery patients, or the POISE-2 Trial.62 There was no differ-
ence in stroke or TIA risk between groups in either of these
trials. However, the risk of major perioperative bleeding was

TABLE 2. Independent Risk Factors for Perioperative Stroke Identified in Large Epidemiologic Studies
Risk Factor Adjusted OR (95% CI) Surgical Population Sample Size (n)

Ng et al13 Noncardiac surgery 150,198
Patent foramen ovale 2.66 (1.96-3.63)

Vasivej et al14 Noncardiac, nonmajor vascular, nonintracranial 55,648
Emergency surgery 8.13 (2.05-32.25)
Previous stroke or TIA 7.06 (1.74-28.75)
Valvular heart disease 6.18 (1.35- 28.33)
Postoperative hypotension 5.1 (1.11-23.45)

Jørgensen et al26 Nonemergent, noncardiac 481,183
Prior stroke anytime 16.24 (13.23-19.94)
Stroke <3mo prior 67.60 (52.27-87.42)
Stroke 3 to <6mo prior 24.02 (15.03-38.39)
Stroke 6 <12mo prior 10.39 (6.18-17.44)
Stroke ≥ 12mo prior 8.17 (6.19-10.80)

Sharifpour et al28 Vascular surgery (noncarotid) 47,750
Acute renal failure 2.03 (1.39-2.97)
History of TIA, stroke, existing

hemiplegia
1.72 (1.29-2.30)

Female sex 1.47 (1.12-1.93)
Cardiac disease* 1.42 (1.07-1.87)

Mashour et al1 Noncardiac, nonvascular, non-neurological 523,059
Age > 62 y 3.9 (3.0-5.0)
MI within 6 mo 3.8 (2.4-6.0)
Acute renal failure 3.6 (2.3-5.8)
History of stroke 2.9 (2.3-3.8)

Bateman et al27 Hemicolectomy, THA, lobectomy/segmental lung resection 371,641
Renal disease 2.98 (2.52-3.54)
Atrial fibrillation 1.95 (1.69-2.26)
History of stroke 1.64 (1.25-2.14)
Valvular disease 1.54 (1.25-1.90)

*History of myocardial infarction or congestive heart failure within 6 months, angina within 1 month, or previous cardiac intervention.
MI indicates myocardial infarction; THA, total hip arthroplasty; TIA, transient ischemic attack.
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significantly higher in patients randomized to receive aspirin
(odds artio [OR]= 1.18, 95% CI: 1.05-1.33, P=0.007). This
aligns with findings from the BRIDGE Trial, which dem-
onstrated that aspirin use was a time-dependent predictor of
major bleeding (OR=3.6, 95% CI: 1.1-11.9, P= 0.038).46

Additional meta-analyses include trials and observational
studies with small sample sizes that render inconclusive
findings related to cerebrovascular events.63–65 Overall, re-
cent studies suggest that aspirin probably does not reduce
stroke risk for the majority of noncardiac patients. Further
investigation is required for those at high risk of stroke,
though potential benefits of aspirin must be weighed against
the documented risk of major perioperative hemorrhage.

Recommendations

(1) For patients on vitamin K anticoagulants (eg, warfar-
in), stop medication 5 days preoperatively, and consider

bridging anticoagulation only for those with moderate-
to-high thromboembolic risk (Level A, Class I).

(2) For patients on direct oral anticoagulants, administer
last dose 2 to 3 days preoperatively and resume 1 to
3 days postoperatively based on clinical risk factors.
Avoid heparin bridging (Level A, Class I).

(3) For patients with prior percutaneous coronary inter-
vention, a continuation of aspirin may reduce peri-
operative mortality and myocardial infarction risk
(Level B-R, Class IIa). However, there is insufficient
evidence to determine whether aspirin mitigates stroke
risk in such patients (Level C-LD, Class IIb).

Role of Preoperative Beta-blockers and Statins in
Perioperative Stroke

In 2014, a systematic review was published for the
ACC/AHA perioperative guidelines that focused on stroke

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 d before operation, bridge with

LMWH or UFH, resume 24 h postoperatively
Give last dose 6 d before operation, bridge with LMWH
or UFH, resume 24 h postoperatively

Direct oral
anticoagulants

Give last dose 3 d before operation,* resume
2-3 d postoperatively

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

Intermediate thromboembolic risk
Warfarin Give last dose 6 d before operation, determine

need for bridging by clinician judgment and
current evidence, resume 24 h postoperatively

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

Direct oral
anticoagulants

Give last dose 3 d before operation,* resume 2-3 d
postoperatively.

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

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

recommended, resume 24 h postoperatively
Give last dose 6 d before operation, bridging not
recommended, resume 24 h postoperatively

Direct oral
anticoagulants

Give last dose 3 d before operation,* resume
2-3 d postoperatively

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

*In patients with CrCl <50mL/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.

CrCl indicates creatinine clearance; LMWH, low–molecular-weight heparin; UFH, unfractionated heparin.
Reprinted from Horner et al.45 Copyright [Elsevier Inc.], [Amsterdam, Netherlands]. All permission requests for this image should be made to the copyright holder.

TABLE 3. Proposed Risk Classification System for Perioperative Anticoagulation
Risk
Category

Mechanical
Heart Valve

Atrial
Fibrillation

Venous
Thromboembolism

High Mitral valve prosthesis; caged-ball or tilting disk
aortic prosthesis; stroke or TIA within 6 mo

CHA2DS2-VASc score ≥ 6; stroke or
TIA within previous 3mo;
rheumatic valvular heart disease

VTE within 3 mo; severe thrombophilia*

Moderate Bileaflet aortic valve prosthesis and at least one
of the following risk factors: atrial fibrillation,
previous stroke or TIA, hypertension, diabetes,
congestive heart failure, age> 75 y

CHA2DS2-VASc score 4-5 or
previous stroke or TIA
> 3mo before

VTE within 3 to 12mo; nonsevere
thrombophilia†; recurrent VTE;
active cancer

Low Bileaflet aortic valve prosthesis and no
other risk factors for stroke

CHA2DS2-VASc score 2-3
(assuming no previous
stroke or TIA)

VTE > 12mo previous and no other
risk factor

*Severe thrombophilia is defined as deficiency in protein C, protein S, or antithrombin; antiphospholipid antibodies; and those with multiple abnormalities.
†Nonsevere thrombophilia is defined as heterozygous factor V Leiden or prothrombin gene mutation.
TIA indicates transient ischemic attack; VTE, venous thromboembolism.
Reprinted from Horner et al45 and Douketis et al.54 Copyright [Elsevier Inc.], [Amsterdam, Netherlands]. All permission requests for this image should be made to the

copyright holder.
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risk in relation to beta-blockade initiation in the imme-
diate preoperative setting.66 The final analysis included 9
randomized control trials, and results demonstrated that
beta-blockade was associated with an increased risk of
nonfatal stroke (RR= 1.86, 95% CI: 1.09-3.16). These
results were driven in part by the POISE Trial,67 which
randomized beta-blocker–naive patients to the admin-
istration of extended-release metoprolol. Multiple ob-
servational studies have since examined whether chronic
beta-blocker use is associated with perioperative stroke. In
2015, Jørgensen et al68 examined perioperative major ad-
verse cardiovascular events in patients on long-term beta-
blocker therapy with a retrospective case-control design.
The incidence of nonfatal stroke was not significantly
increased in patients on chronic beta-blocker therapy
compared with those on alternative antihypertensives

(0.23% vs. 0.21%, respectively, P= 0.68).68 This group
then examined perioperative adverse events in relation to
beta-blocker subtype using Danish Nationwide Cohort
data.69 For patients on long-term beta-blocker therapy
preoperatively, stroke risk did not differ among various
beta-blocker subtypes. Taken together, these results align
with findings from related observational studies. In 2018,
Park et al70 studied associations between preoperative
beta-blocker therapy and noncardiac surgery outcomes in
patients with previous coronary revascularization. There
was no adjusted increased risk of stroke in those on prior
beta-blocker therapy (AOR= 0.33, 95% CI: 0.06-1.75).
With additional propensity-matched analysis, there re-
mained no statistically significant association between
preoperative beta-blocker use and stroke risk (AOR=
0.33, 95% CI: 0.03-3.18). A large-scale, retrospective
cohort study of Veterans Affairs patients undergoing
noncardiac surgery also demonstrated no association be-
tween chronic beta-blockade and perioperative stroke risk
across different risk profiles based on the Revised Cardiac
Risk Index.71 Chen et al72 reported outcomes associated
with the timing of beta-blocker initiation using pop-
ulation-based cohort data in patients with diabetes melli-
tus. There was no statistically significant association with
preoperative beta-blocker use and stroke in the studied
cohort (OR= 1.33, 95% CI: 0.94-1.88). However, tempo-
ral associations between the timing of beta-blocker ini-
tiation and stroke risk were not specifically reported.
Collectively, these observational data support the updated
ACC/AHA guidelines, which recommends avoiding beta-
blocker initiation immediately before surgery while con-
tinuing beta-blockade for those already on chronic
therapy.10,66

The role of perioperative statin use has also been
refined in recent years given large-scale investigations and
associated findings. In 2017, London et al73 evaluated
associations between perioperative statin use (previously
prescribed) and multiple outcomes in a retrospective, ob-
servational cohort analysis involving > 180,000 patients
using the Veterans Affairs Surgical Quality Improvement
Program. Using propensity-matched cohort analysis, there
was no difference in stroke incidence between groups with
statin exposure (0.4%) and no preoperative statin use
(0.5%, P= 0.39). Perioperative statin use was, however,
associated with significant reductions in all-cause mortal-
ity and both cardiovascular and noncardiovascular mor-
bidity. Richman et al71 performed a similar retrospective
cohort investigation of noncardiac surgery patients, with
prior cardiac stent placement, and outcomes associated
with preoperative statin use. Likewise, perioperative statin
use was not associated with stroke across any level
of preoperative risk, as stratified by the Revised Cardiac
Risk Index.74 However, statin use was associated with
decreased adjusted mortality across multiple cohorts
studied. Lastly, a meta-analysis was recently published
that examined outcomes associated with perioperative
statin administration across twelve randomized controlled
trials.75 While perioperative statin administration was not
associated with perioperative stroke or TIA (OR = 0.584,

TABLE 5. Suggested Risk Classification for Bleeding According
to Type of Surgery/Procedure
Bleeding Risk Category Type of Surgery/Procedure

High risk Intracranial or spinal surgery
Major vascular surgery (aortic
aneurysm repair, aortofemoral
bypass)

Major urologic surgery (prostatectomy,
bladder tumor resection)

Major orthopedic surgery (hip/knee
joint replacement)

Lung resection surgery
Intestinal anastomosis surgery
Permanent pacemaker or internal
defibrillator placement

Selected procedures: colonic
polypectomy of large polyp,
endoscopic retrograde
cholangiopancreatography with
sphincterotomy, kidney biopsy

Moderate risk Other intra-abdominal surgery
Other intrathoracic surgery
Other orthopedic surgery
Other vascular surgery
Selected procedures: colonic
polypectomy of small polyp, prostate
biopsy, cervical biopsy

Low risk Laparoscopic cholecystectomy
Laparoscopic inguinal hernia repair
Noncataract ophthalmologic
procedures

Coronary angiography
Gastroscopy or colonoscopy
(with/without biopsy)

Selected procedures: thoracentesis,
paracentesis, arthrocentesis, bone
marrow aspiration, and biopsy

Very low risk (anticoagulation
interruption not required)

Single tooth extraction or teeth cleaning
Skin biopsy or selected skin cancer
removal

Cataract removal

Of note, bleeding risk also relates to the consequences of bleeding rather than
the mere volume of blood loss.

CrCl indicates creatinine clearance.
Reprinted from Darvish-Kazem and Douketis.55 Copyright [Georg Thieme

Verlag KG], [Stuttgart, Germany]. All permission requests for this image should be
made to the copyright holder.
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95%: CI: 0.226-1.505, P= 0.265), multiple cardiovascular
endpoints (eg, major adverse cardiac events, new atrial
fibrillation) were improved in groups randomized to statin
therapy. Thus, while perioperative statin use may not re-
duce stroke risk, statin administration has been con-
sistently associated with reductions in mortality and major
morbidity in the noncardiac surgery setting.

Recommendations

(1) Avoid initiating beta-blocker therapy in the immediate
preoperative setting (Level A, Class I).

(2) Continue beta-blockers (Level B-NR, Class IIa) and
statins (Level B-R, Class IIa) throughout the peri-
operative period in patients already taking them.

INTRAOPERATIVE GUIDELINES
Most perioperative strokes occur or manifest after the

day of surgery, which suggests that postoperative factors
contribute to stroke risk.76 However, intraoperative events
may nonetheless contribute to cerebrovascular injury. In the
following section, we present available data to guide intra-
operative management in relation to stroke risk. Specifically,
anesthetic technique, blood pressure management, ventilation
strategy, hemorrhage/blood transfusion, glycemic manage-
ment, and intraoperative beta-blockade will be reviewed.

Anesthetic Technique
Studies investigating the anesthetic technique in re-

lation to stroke risk for noncardiac, nonmajor vascular
surgery have produced mixed results. In 2019, Sgroi et al77

retrospectively analyzed clinical outcomes in lower ex-
tremity vascular surgery patients (> 16,000) in relation to
anesthetic technique (ie, general anesthesia vs. epidural or
spinal anesthesia). While certain outcomes, such as heart
failure, acute kidney injury, and length of stay favored
regional techniques, there was no statistically significant
difference in stroke incidence between general (0.7%) and
regional (1.2%; P= 0.10) anesthesia groups. Likewise,
Smith et al78 retrospectively studied outcomes in relation
to anesthetic technique in gynecologic surgery patients
(> 37,000). While stroke data were not analyzed sepa-
rately in this analysis, stroke was included as part of a
composite outcome of major complications, which was
not significantly different for those receiving regional
techniques (adjusted RR= 1.23, 95% CI: 0.92-1.65) or
monitored anesthesia care (adjusted RR= 0.74, 95% CI:
0.45-1.20) compared with general anesthesia. Results from
these 2 studies stand in contrast to a large-scale retro-
spective analysis (> 380,000 patients) by Memtsoudis
et al,79 which found that general anesthesia was an in-
dependent predictor of perioperative stroke (AOR= 3.15,
95% CI: 1.11-8.92, P= 0.0271) in hip and knee arthro-
plasty patients. There are thus mixed data as to whether
regional anesthetic techniques reduce stroke risk. One
explanation might be that neuraxial techniques are par-
ticularly helpful for orthopedic surgery patients, given that
regional techniques are associated with less blood loss80

and thromboembolic phenomena81 in these patients. Al-
ternatively, the study by Memtsoudis et al79 may have
detected a difference because of the larger sample size,
which was approximately an order of magnitude larger
than the vascular and gynecologic surgery investigations.
Regional techniques may thus confer a reduced risk of
stroke, but the effect size may be small, requiring a large
sample size for detection. Furthermore, sedative depth
during regional anesthesia serves as an additional con-
founder for consideration.

In terms of inhalational anesthetic agents, the
MYRIAD Trial82 recently compared volatile and propofol
anesthesia during coronary artery bypass surgery in relation
to clinical outcomes. The trial randomized >5000 patients
to either volatile anesthesia (eg, isoflurane, sevoflurane,
desflurane) or total intravenous anesthesia with propofol.
Stroke was assessed both as part of the primary composite
outcome and separately as a safety outcome. There was no
difference in stroke incidence between the volatile anesthetic
group (0.8%) or propofol group (0.6%, RR=1.38, 95% CI:
0.70-1.25) in the per-protocol analysis. Similarly, in the as-
treated analysis, there remained no significant difference in
stroke risk between the volatile anesthesia (0.8%) and pro-
pofol groups (0.6%, RR=1.41, 95% CI: 0.73-2.72). Thus,
while these data are derived from the cardiac surgery liter-
ature, cardiac surgery patients tend to have multiple risk
factors for perioperative stroke (eg, coronary artery disease,
diabetes mellitus, hypertension)1 and remain at high risk for
perioperative stroke.83 There were nonetheless no associa-
tions between stroke and choice of anesthetic agent.

Lastly, nitrous oxide is associated with an acute in-
crease in plasma homocysteine concentrations, which could
impair endothelial function and theoretically increase ad-
verse cardiovascular events.84,85 In a basic science model of
ischemic stroke, nitrous oxide use was found to bind to tissue
plasminogen activator (tPA), and dose-dependently inhibit
tPA-induced thrombolysis, disrupt the blood-brain barrier,
and increase hemorrhagic complications.86 However, no
association has been demonstrated in several large studies
between intraoperative nitrous oxide and postoperative
stroke.76,87–90 This was confirmed in the ENIGMA-II Trial,
which randomized >7000 noncardiac surgery patients with
known or suspected cardiovascular disease to nitrous oxide
use or no nitrous oxide during surgical anesthesia.89 During
the 1-year follow-up period, nitrous oxide was not associated
with stroke (OR=1.08, 95% CI: 0.74-1.58, P=0.70).

Recommendations

(1) When appropriate given a particular surgery, regional
anesthetic techniques may be considered for reducing
stroke risk, though the effect is likely to be small
(Level B-NR, Class IIb).

(2) Either propofol or inhalational anesthesia can be used
for maintenance techniques, given that there does not
appear to be a difference in relation to stroke risk
(Level A, Class III: No Benefit).

(3) Nitrous oxide appears safe across broad surgical
populations (Level A, Class I).
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Blood Pressure Management
Intraoperative hypotension has been cited as a cause

of postoperative stroke. While there is evidence from
cardiac surgery patients that intraoperative hypotension,
particularly during cardiopulmonary bypass, is associated
with perioperative stroke,91,92 this relationship is less clear
in the noncardiac surgical population. In a single-center,
retrospective, propensity-matched case-control study,
Hsieh et al93 found no association between intraoperative
hypotension and perioperative stroke. Hypotension was
measured as the time-integrated area under a mean arte-
rial pressure (MAP) of 70 mmHg; as such, both depth and
duration of MAP <70mmHg were measured. The me-
dian (first quartile, third quartile) values were 19 (4, 55)
mmHg-minutes in stroke cases and 19 (6, 48) mm
Hg-minutes in controls. Regression modeling demon-
strated no association between time-integrated area under
the curve (MAP <70 mmHg) in stroke patients versus
controls (ratio of geometric means= 1.07, 95% CI: 0.76-
1.53). Sensitivity analyses with lower MAP thresholds (eg,
65, 60 mmHg) also demonstrated no association with
stroke. The authors concluded that factors other than in-
traoperative blood pressure probably contribute more to
overt postoperative stroke (a conclusion restricted to the
institution studied). These findings are similar to a pre-
vious retrospective, case-control study conducted by
Bijker et al,94 which investigated the relationship between
intraoperative hypotension and stroke in a broad non-
cardiac, non-neurosurgical population (> 48,000 patients).
Time spent with MAP > 30% below baseline was asso-
ciated with postoperative stroke (OR= 1.013/min hypo-
tension, 99.9% CI: 1.000-1.025). However, the effect size is
of unclear clinical significance, particularly given that no
other threshold studied, including time spent with MAP
> 40% below baseline, was associated with stroke. Thus,
routine intraoperative blood pressures (ie, MAPs ≥ 60 to
70 mmHg) are unlikely to be a major driver of overt
perioperative stroke.

Postural hypotension may also play a role in stroke
after noncardiac surgery. As described in previous guide-
lines, there are case reports of the ischemic brain and
spinal cord injury after shoulder surgery in the beach chair
position.95 Such reports, along with changes in cerebral
oxygen saturation in the beach chair position,96,97 have
prompted discussion about optimal blood pressure man-
agement and cerebrovascular risk.98 Fortunately, large-
scale analyses report that overt stroke risk and severe
neurocognitive deficits appear to be rare after shoulder
surgery in the beach chair position.99 Of relevance, a
selected cohort study by Laflam et al100 reported dimin-
ished cerebral autoregulation in patients undergoing
shoulder surgery in the beach chair position compared
with the lateral decubitus position. There were no differ-
ences in composite cognitive outcomes or serum ischemic
biomarkers between the 2 groups. Nonetheless, covert
ischemic injury remains a possibility with beach chair
positioning, and future studies with perioperative neuro-
imaging may be required to further delineate risk of cer-
ebrovascular vulnerability and injury. In this context,

blood pressure should be measured with the understanding
that a gradient exists between the upper extremity (eg,
brachial artery, radial artery) and brain, such that MAP
may be 12 to 24 mmHg lower in the brainstem compared
with the nonoperative upper extremity.6

Overall, there seems to be a well-defined relationship
between mild hypotension and end-organ injury, including
acute kidney injury,101–103 myocardial injury,102,103 and
even mortality.104 This relationship, unfortunately, re-
mains poorly defined for the central nervous system.

Recommendations

(1) While no specific thresholds are recommended to
reduce stroke risk, an effect of relative hypotension
cannot be excluded based on current evidence (Level
B-NR, Class IIb).

(2) For surgery in the beach chair position, blood pressure
measurement should be performed on the nonoper-
ative upper arm (as opposed to lower extremity) and
consideration should be given to the blood pressure
gradient between the brachial artery and brain (Level
C-LD, Class I).

(3) Induced hypotension for shoulder surgery in the beach
chair position should always be approached with
caution, especially in patients at risk for stroke (Level
C-LD, Class I).

Respiratory Physiology and Cerebrovascular
Reserve

Although there is some evidence that normocapnia is
associated with improved outcomes in patients undergoing
intervention for acute ischemic stroke,105 there are limited
data on the interaction between intraoperative PaCO2 or
EtCO2 and cerebrovascular reserve. Recent translational
investigations have studied computer-controlled changes
in PaCO2 in relation to cerebral blood flow and cere-
brovascular resistance.18,19,106,107 Of relevance to the per-
ioperative setting, these studies included older patient
populations both with and without cerebrovascular dis-
ease. Hypocapnia increases cerebrovascular resistance,
and maximal resistance may be achieved with PaCO2
levels that approach 30 mmHg.19 Alternatively, hyper-
capnia may also impair cerebral blood flow in high-risk
brain regions via the steal phenomenon, where there is an
asymmetric cerebrovascular reserve in parallel vascular
beds.18 As such, the combination of reduced cere-
brovascular inflow (eg, hypotension) and impaired vaso-
dilatory reserve (mediated by hypocapnia or hypercapnia),
may create conditions for hypoxic-ischemic injury.18

Interestingly, patients with the steno-occlusive disease who
undergo revascularization demonstrate significantly im-
proved white matter cerebrovascular reactivity.20 Thus,
for patients with preexisting cerebrovascular disease, Pa-
CO2 may be relevant for cerebrovascular perfusion, with
derangements in PaCO2 reducing cerebrovascular reserve,
particular in the setting of hypotension and/or steno-
occlusive disease.

J Neurosurg Anesthesiol � Volume 00, Number 00, ’’ 2020 Perioperative Stroke Guidelines

Copyright © 2020 Wolters Kluwer Health, Inc. All rights reserved. www.jnsa.com | 9

Copyright r 2020 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.
This paper can be cited using the date of access and the unique DOI number which can be found in the footnotes.



Recommendations
In patients at high risk of perioperative stroke,

maintaining normocapnia may prevent further risk of
cerebrovascular compromise (Level C-LD, Class I).

Hemorrhage and Blood Transfusion
Intraoperative hemorrhage and transfusion have been

associated with perioperative stroke. The decision to transfuse
packed red blood cells must balance the need to optimize
physiological oxygen delivery while minimizing risks asso-
ciated with transfusions. Reduced serum hemoglobin concen-
tration, and thus arterial oxygen content, leads to reduced
cerebral oxygenation and increased markers of brain tissue
hypoxia.108,109 Hemorrhage and anemia may thus predispose
to cerebral hypoxic-ischemic injury. Conversely, transfusion
itself may increase stroke risk via distinct pathways, such as red
blood cell aggregation, increased thrombogenic potential, and
impaired microcirculation.110–112 Indeed, large-scale ob-
servational data demonstrate an increased association between
transfusion and perioperative stroke, even after adjusting
for relevant clinical and physiological confounders.113–116 Im-
portant caveats do apply with such retrospective, observational
analyses. Detailed clinical data, such as transfusion thresholds,
hemodynamic function, and indications for transfusion, are
often unavailable.114 Baseline imbalance may be present be-
tween groups, particularly with respect to comorbidities, blood
loss, and preoperative hemoglobin, though associations remain
present despite propensity score matching for relevant
confounders.115 Of note, tranexamic acid is used to reduce
blood loss and transfusion requirements across broad surgical
populations without evidence of increased stroke risk.117–119

Lastly, as mentioned in the prior consensus
statement,6 a retrospective, observational study involving
> 44,000 noncardiac surgery patients demonstrated an
increased risk of stroke as postoperative hemoglobin
decreased <9 g/dL.120 Mechanistic studies suggest that
reduced cardiac output, combined with impaired beta2-
mediated cerebrovascular vasodilatation, may reduce
cerebral blood flow and oxygen delivery.121,122

Recommendations
For noncardiac, non-neurological surgical in pa-

tients already taking a beta-blocker, a relatively high
transfusion threshold (hemoglobin 9.0 g/dL) may reduce
perioperative stroke risk (Level B-NR, Class IIb).

Glycemic Management
Perioperative stroke is more likely to be associated

with an elevated fasting blood sugar than nonoperative
stroke,15 and vascular surgery patients with perioperative
hyperglycemia (glucose >180mg/dL within 72 h of surgery)
have a higher perioperative stroke risk than normoglycemic
patients, particularly those not previously identified as being
diabetic.123 Both a history of diabetes and elevated blood
glucose are associated with poor clinical outcomes in patients
undergoing thrombolysis for acute ischemic stroke,124

though hyperglycemia in this setting may be indicative of
stroke severity rather than the cause of injury. Extrapolating
from these data, it seems intuitive that perioperative glycemic

control is desirable, but the optimal glucose range is not yet
defined. The recent SHINE Trial125 compared standard
(sliding scale insulin, mean glucose 179mg/dL) and intensive
(insulin infusion, mean glucose 118mg/dL) insulin therapy
for 1151 acute ischemic stroke patients who were hyper-
glycemic at admission. Results from this study of non-
operative stroke in the community demonstrated no benefit
of intensive therapy on outcomes at 90 days poststroke; in
fact, hypoglycemia and other adverse events were more
common in the intensive treatment group (11.2%) compared
with the standard treatment group (3.2%), and severe hy-
poglycemia only occurred in the intensive treatment group
(2.6%). Of note, however, the mean glucose level was still
<180mg/dL in both groups.

Recommendations

(1) Treat hyperglycemia to maintain serum glucose
between 130 and 180 mg/dL (Level B-NR, Class IIa).

(2) Intensive efforts to maintain tight control of serum
glucose (eg, <130mg/dL) may result in hypoglycemia
and related adverse events (Level B-R, Class III: Harm).

Intraoperative Beta-blockade
As discussed in previous guidelines,6 intraoperative

metoprolol administration has been associated with an
increased risk of perioperative stroke (OR= 3.3, 95% CI:
1.4-7.8, P= 0.003).76 This was based on a single-center,
retrospective analysis of > 57,000 noncardiac surgery pa-
tients, and the association between intraoperative meto-
prolol and stroke was based on an unadjusted, univariate
analysis. However, no such association was found for
other intraoperative beta-blockers studied. Furthermore,
no colinearity existed between intraoperative metoprolol
administration and hypotension. Mechanistically, animal
data suggest that metoprolol, as a relatively nonselective
beta1-antagonist, may reduce brain tissue oxygenation by
impairing beta2-mediated cerebral vasodilation in mice.121

There have otherwise been no updates with respect to in-
traoperative beta-blocker use and stroke risk since the
previous consensus statement.6

Recommendations
Intraoperative metoprolol has been associated with

perioperative stroke; alternative intraoperative beta-
blockers may be reasonable for avoiding an increased risk
of stroke (Level C-LD, Class IIb).

POSTOPERATIVE GUIDELINES

Stroke Team, Networks, and Triage
Rapid recognition, communication, and timely

management are imperative for optimizing outcomes re-
lated to acute stroke. Indeed, the American Heart Associ-
ation/American Stroke Association Guidelines recommend
an organized protocol for emergency evaluation of patients
with a suspected stroke.9 This is particularly important
given that stroke in hospitalized patients is associated with
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delayed recognition, infrequent intervention, and poor
outcomes.4,5 Institutional pathways can promote higher
efficiency, rapid therapeutic intervention, and reliable
communication pertinent to optimizing patient care.126

Stand-alone facilities without access to stroke teams or
emergency brain imaging should have an established pro-
tocol for rapidly transferring potential perioperative stroke
patients to the most appropriate stroke center. Potential
resources to guide the choice of transfer facility include
telestroke networks and stroke severity scales.9

Recommendations
An organized protocol for emergency evaluation of

surgical patients with suspected perioperative stroke is
recommended (Level B-NR, Class I).

Assessing Stroke
In 2016, Sun et al127 performed a systematic review of

the clinical diagnostic tools available for perioperative
stroke screening. The authors outlined the following char-
acteristics of an ideal perioperative stroke assessment scale:
(1) easy to administer, (2) quick, (3) ability to detect neu-
rological deficits that reflect acute cerebrovascular events
(validity), (4) ability to distinguish from confounding fac-
tors, like residual anesthetics and analgesic effects, (5)
simple to use for nonspecialists, and (6) high interrater re-
liability among observers. In practice, meeting these con-
ditions proves challenging, and there are currently no
perioperative stroke assessment scales that satisfy all such
criteria. In fact, a recent selected cohort study involving
noncardiac surgery patients revealed that modified Na-
tional Institutes of Health Stroke Scale (mNIHSS) changes
are common postoperatively.128 Approximately 20% to
30% of patients in this cohort were reported to have acute
increases in mNIHSS scores within the first 3 postoperative
days. This 20% to 30% incidence exceeds the published
prevalence of overt stroke by 1 to 2 orders of magnitude
(0.1% to 1.9%),1 and covert stroke (7%)3 by ∼3- to 4-fold.
Thus, clinical screening tests will likely generate many false
positives and, accordingly, a low positive predictive value.
This issue is complicated further by the possibility of un-
masking prior neurological deficits in the setting of residual
GABAergic anesthetic and sedative medications.129,130

Such deficits, however, do not necessarily reflect acute is-
chemic injury. Rather, drugs that potentiate GABAergic
transmission may impair adaptive neural mechanisms that
compensate for prior, covert deficits from preexisting
neuropathology.131 Thus, current screening assessments for
stroke have limited validity in the immediate postoperative
setting. Targeted assessments that focus on large-vessel
pathology (eg, middle cerebral artery syndrome) may be of
greater utility given the (1) distinct, robust pattern of neu-
rological deficits that manifest, and (2) availability of ef-
fective neurointerventional therapies, such as endovascular
thrombectomy.

Complementary to clinical assessment, biochemical
and neurophysiological methods have also been studied for
monitoring cerebrovascular vulnerability. Preliminary evi-
dence has suggested that glial fibrillary acid protein may

correlate with ischemic injury132; however, recent data from
a noncardiac surgery cohort study demonstrate wide vari-
ability in perioperative glial fibrillary acid protein levels.128

Furthermore, S-100β, neuron-specific enolase, and matrix
metalloproteinase-9 values also vary greatly in the peri-
operative period and were not significantly elevated in a
patient with hypoxic-ischemic injury.128 In terms of neuro-
physiology, electroencephalographic slow-wave activity and
oscillatory asymmetry correlate with stroke severity and
outcomes,23–25 and high-intensity transient signals from
transcranial Doppler analysis can detect cerebral
emboli.21,22 However, these measures have not been rigor-
ously tested in noncardiac, nonmajor vascular, or non-
neurosurgical patients for the detection of cerebral ischemia.

Immediate diagnostic studies of all patients with sus-
pected stroke should include noncontrast computed tomog-
raphy (CT) or magnetic resonance imaging of the brain to
determine whether the stroke is ischemic or hemorrhagic in
origin, and to correlate neurological deficit with radiologic
findings.133 For patients with a significant neurological def-
icit suggestive of large-vessel occlusion, CT angiography and
urgent CT perfusion or diffusion-weighted magnetic reso-
nance imaging should be performed concurrently to facilitate
rapid assessment for endovascular thrombectomy. Results
from the DAWN134 and DEFUSE 3135 trials demonstrated
improved functional outcomes in patients who received late
endovascular therapy based on perfusion imaging, even with
intervention time windows up to 24 hours. Thus, surgical
patients with large-vessel occlusion may still benefit
from endovascular therapy several hours after time last
known well.

Recommendations

(1) Currently available clinical assessment tools (eg,
mNIHSS) are not recommended for routine screening
given the high likelihood of false-positive results (Level
B-NR, Class III: No Benefit).

(2) A targeted postoperative evaluation, which focuses on
signs and symptoms of large-vessel occlusion, may
be reasonable in high-risk patients (Level C-EO,
Class IIb).

(3) Neither serum-based biomarkers (Level B-NR, Class
III: No Benefit) nor neurophysiological monitoring
(Level C-EO, Class III: No Benefit) are recomme-
nded for clinical detection of perioperative cerebral
ischemia.

(4) Emergency imaging of the brain is recommended
before initiating any specific therapy to treat acute
postoperative stroke (Level A, Class I).

(5) For suspected large-vessel occlusion, CT angiography
and diffusion/perfusion imaging should be obtained
urgently for consideration of endovascular therapy
(Level A, Class I).

Acute Interventions for Ischemic Stroke
Many aspects of the management of acute perioper-

ative stroke will mirror therapeutic strategies for ischemic
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stroke in nonsurgical settings. Identification of a hemor-
rhagic stroke with head CT will prompt a distinct pathway
of investigation and management, with separate recom-
mendations for blood pressure control.136,137 Interventions
for acute ischemic stroke, such as recombinant tissue plas-
minogen activator (rtPA) or mechanical thrombectomy,
should be considered with a multidisciplinary team that in-
cludes stroke neurology, interventional neuroradiology, and
the primary surgical service. The risk/benefit balance of
therapeutic interventions will vary depending on the patient,
severity and location of the stroke, and type of surgical in-
tervention. Intravenous rtPA remains the standard therapy
for thrombotic strokes, but it is contraindicated in a number
of relevant situations, such as intracranial or spinal surgery
within 3 months.138 Importantly, other major surgery within
14 days is a relative, rather than absolute, contraindication to
intravenous rtPA.138 Data in the postsurgical population are
limited, but one retrospective study reported (nonfatal) sur-
gical site hemorrhage in 7 of 49 (14%) patients given rtPA
within ten days of surgery.139

There is an expanding role for endovascular mech-
anical thrombectomy in surgical patients. In 2015, 3 sepa-
rate clinical trials—MR CLEAN,140 SWIFT PRIME,141

and REVASCAT142—all demonstrated improved func-
tional outcomes, including increased likelihood of in-
dependence, in patients randomized to mechanical
thrombectomy with retrievable stents. The number needed
to treat for reducing disability (based on modified Rankin
Score) is 2.6 based on pooled analysis from recent trials.143

In addition, as described above, the time window for in-
tervention may be as long as 24 hours after time last known
well based on viable penumbra.144 Thus, for surgical pa-
tients with a large thrombus in a major vessel, perfusion
imaging and urgent endovascular thrombectomy should be
considered. Anesthetic management for these cases is cov-
ered by a separate set of SNACC guidelines.7

Recommendations

(1) Initiate multidisciplinary discussion regarding the
benefits of intravenous rtPA versus risks of hemor-
rhage for the surgical patient with an acute ischemic
stroke (Level C-EO, Class I).

(2) Patients with large-vessel occlusion should receive
mechanical thrombectomy as soon as possible if
criteria are met (Level A, Class I).

Supportive Care for Acute Ischemic Stroke Patients
The initial management of stroke is usually best ach-

ieved in a subspecialty acute care setting such as neurocritical
care or stroke unit, as optimizing physiology is critical during
acute stroke care. From a cardiovascular standpoint, stroke
patients should have cardiac monitoring for at least the first
24 hours, given that arrhythmias are common in the setting
of stroke.9 Myocardial ischemia and cardiac arrhythmias are
potential sequelae of acute cerebrovascular events, and sys-
temic hypertension is common after stroke. Common post-
operative conditions that may contribute to hypertension

include stress response to surgery, pain, and nausea, and
these should be managed accordingly. Unless the patient is
eligible for acute reperfusion intervention, systolic blood
pressure is usually treated only if it is >220mmHg, and
diastolic pressure is treated only if it is >120mmHg, though
the benefits of targeting these parameters remain uncertain.9

In patients who receive rtPA (intravenous or intra-arterial),
systolic blood pressure >180mmHg and diastolic pressure
> 105mmHg should be treated with antihypertensive drugs
such as labetolol or nicardipine.9 Recommendations for
thrombectomy patients are the same, largely because many
patients in clinical trials also received rtPA and the trial
protocols were written with this in mind. Hypotension dur-
ing a stroke can also significantly worsen outcomes,145–148

and mortality risk may follow a U-shaped pattern, whereby
incremental reductions (and increases) in blood pressure
from a systolic blood pressure of 130mmHg may be asso-
ciated with increased mortality.148 Ideal blood pressure
thresholds during cerebral ischemia are unknown, but
physiological derangements that contribute to hypotension
(eg, hypovolemia, unstable arrhythmias) should be corrected
as soon as possible. These blood pressure considerations
should also be appreciated intraoperatively for stroke pa-
tients requiring incidental surgery. Blood pressure manage-
ment during acute interventions, such as endovascular
thrombectomy, is reviewed separately.7

Hypoxia is associated with poor neurological
outcomes,149 and patients should, therefore, be monitored with
pulse oximetry during acute stroke. Although there is no
benefit to supplemental oxygen in nonhypoxic stroke
patients,150 it should be used when needed to maintain SaO2
saturation >94%.9 Patients with depressed levels of con-
sciousness (Glasgow Coma Scale <8), signs of brainstem dys-
function, or inability to protect the airway should be intubated
and mechanically ventilated. These interventions may also be
helpful in the management of increased intracranial pressure or
for those who have suspected malignant brain edema. In ad-
dition, hyperthermia, hypothermia, and both hyperglycemia
and hypoglycemia are all linked with adverse outcomes in
acute stroke and should be avoided or rapidly corrected.151,152

Lastly, oral administration of aspirin (the initial dose
is 325 mg) within 24 to 48 hours after stroke onset is rec-
ommended but is not a substitute for other acute inter-
ventions such as rtPA or thrombectomy.153 Furthermore,
the administration of aspirin (or other antiplatelet agents)
as an adjunctive therapy within 24 hours of intravenous
fibrinolysis is usually avoided unless there is a high risk of
interrupting antiplatelet therapy.9 Urgent anticoagulation
with the goal of preventing early recurrent stroke, halting
neurological deterioration, or improving outcomes after
ischemic stroke is not recommended, nor is the initiation
of anticoagulation therapy within 24 hours of treatment
with intravenous rtPA.9

Recommendations

(1) Baseline electrocardiogram (Level B-NR, Class I) and
troponin assessments (Level C-LD, Class I) are
recommended.
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(2) Cardiac telemetry monitoring is recommended to
detect potentially deleterious arrhythmias for at least
the first 24 hours (Level B-NR, Class I).

(3) In patients who receive rtPA (intravenous or intra-
arterial) or undergo mechanical clot retrieval, systolic
blood pressure > 180 mmHg and diastolic pressure
> 105 mmHg should be treated with antihypertensive
drugs such as labetolol or nicardipine (Level B-NR,
Class I).

(4) Relative hypotension should be avoided in acute
ischemic stroke patients, though optimal blood pres-
sure targets have not been established (Level C-EO,
Class I).

(5) Aspirin is generally recommended within 24 to
48 hours after stroke onset. The administration is
delayed until at least 24 hours in patients treated with
IV alteplase (Level A, Class I).

(6) Supplemental oxygen should be provided to maintain
oxygen saturation > 94% (Level C-LD, Class I).

(7) Tracheal intubation and mechanical ventilation are
recommended in patients with decreased consciousness
or bulbar dysfunction that causes a compromise of
respiration (Level C-EO, Class I).

(8) Both hypoglycemia and hyperglycemia should be treated
with a goal of 140 to 180mg/dL (Level C-LD, Class IIa).

CONCLUSIONS
Stroke is a potentially devastating complication for

surgical patients. In addition to the considerable morbidity
and mortality associated with perioperative stroke, the in-
cidence may also be underappreciated. Age, prior cere-
brovascular disease history, and renal dysfunction are all risk
factors for perioperative stroke. Large-scale population anal-
ysis suggests that elective surgeries should be deferred until at
least 9 months after a prior stroke. In terms of anti-
coagulation, bridging therapy should be reserved for moder-
ate-to-high-risk patients receiving vitamin K antagonists, and
bridging should be deferred for patients on direct oral anti-
coagulants. Neither clinical assessment tools nor serum-based
biomarkers are currently recommended for routine screening
in the perioperative setting due to limited positive predictive
value and validity. When a stroke is suspected, however, ur-
gent neuroimaging should be obtained, and perfusion-guided
imaging can guide the decision-making process for endovas-
cular thrombectomy. Multidisciplinary protocols should also
be implemented for the triage and management of patients
with perioperative ischemic stroke. Looking ahead, further
investigation is required to: (1) advance pathophysiological
understanding of perioperative stroke, (2) create updated,
comprehensive risk prediction models, (3) advance under-
standing and optimization of the perioperative cere-
brovascular reserve, and (4) develop validated screening and
monitoring strategies perioperatively.
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