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Neurologic Clearance

• Common Issues:

• Management of Antithrombotic Medications

• Carotid Revascularization

• Intraoperative Blood Pressure Goals

• Timing of Surgery



Perioperative Stroke 

• Definition and Risk of Perioperative Stroke

• Intraoperative Management to Reduce the Risk of Stroke

• Identification and Treatment of Perioperative Stroke



Perioperative Stroke

Definition:

• Embolic, thrombotic or hemorrhagic cerebrovascular event

• Clinical deficit lasting at least 24 hours

• Intraoperative or within 30 days

• Risk of perioperative stroke = 0.1% - 1.0% (noncardiac, nonneurosurgical)

• Most are ischemic

• Higher rates in vascular and neurosurgical procedures

For cardiac surgery, incidence is approximately 1.0%



Perioperative Stroke—Cardiac Procedures



Trends in Perioperative Stroke Rates



Risk Factors for Perioperative Stroke

• Advancing age

• Renal disease

• Prior stroke/TIA (timing is critical)

• Additional factors for cardiac surgery risk:

• HTN

• HLD

• AF

• Smoking



Impact of Perioperative Stroke

• 25,000 cases annually (noncardiac)

• 30-day mortality rates 8x higher than controls (absolute 21-26%)

• Increased LOS and increased likelihood of SNF discharge

• Silent ischemia (MRI ascertainment)

• 30-50% in patients undergoing CAS or cardiac surgery

• 90% in TAVR

• 17% in CEA

• 7-10% in noncardiac surgery

• Risk of cognitive impairment at 1 year increased nearly 2-fold



Pathophysiology of Perioperative Stroke

• Cardiac Surgery

• 2/3 due to embolism from proximal source

• Aortic/cardiac manipulation

• Bypass pump

• AF or MI when delayed

• Noncardiac

• Mechanisms less clear

• 50% occur within first 24 hours, 93% within 72 hours

• Suggest intraoperative and early postoperative period most critical



Pathophysiology of Perioperative Stroke

• Putative Mechanisms (noncardiac surgery)

• Hypotension/low-flow states

• Undisclosed large artery stenosis

• Anemia-associated tissue hypoxia

• Thromboembolism

• Fat embolism

• Enhanced coagulopathy

• Endothelial dysfunction

• Stoppage of antithrombotic medications



Pathophysiology of Perioperative Stroke



Risk Stratification

• No “stroke risk” tool exists for noncardiac surgery

• Can consider using ACS Surgical Risk Calculator

https://riskcalculator.facs.org/RiskCalculator/

• Based on assumption that individuals at high risk of serious complications as 

predicted by this calculator, are at higher risk of perioperative stroke

• For cardiac surgery, preferred risk calculator is the Society of Thoracic 

Surgeons risk model

https://www.sts.org/resources/risk-calculator



Preoperative Stroke Risk Reduction Strategies

• Timing of Surgery

• Danish study confirming increased perioperative stroke risk in patients with prior stroke



Preoperative Stroke Risk Reduction Strategies

• Similar findings of increased stroke risk in patients undergoing surgical aortic 

valve repair relative to timing of prior stroke

These two studies support the suggestion that both noncardiac surgery and cardiac surgery 

should be delayed at least 6 months and preferably 9 months following an incident stroke



Preoperative Stroke Risk Reduction Strategies

• Extracranial Carotid Artery Stenosis

• Clear guidelines for symptomatic stenosis and revascularization; indications less clear for 

asymptomatic disease (CREST-2 pending)

• Degree of stenosis, baseline risk factors, surgical complication rates are important

• No clear guidelines for patients with asymptomatic carotid stenosis undergoing noncardiac, 

nonneurologic surgery

• US Preventive Services Task Force does not recommend screening before surgery

• Elective surgery may be postponed if carotid revascularization is planned

Symptomatic, high-grade carotid stenosis needing emergent CABG: consider reversed-staged approach 

(CABG followed by CEA) or combined approach (simultaneous CABG and CEA)

Asymptomatic, high-grade carotid stenosis needing emergent CABG: unclear



Preoperative Stroke Risk Reduction Strategies

• Intracranial Stenosis

Small, retrospective study of 38 patients with high-grade vertebrobasilar stenosis had 

perioperative stroke rate of 6% 

Actual risk of perioperative stroke in patients with intracranial stenosis is unknown

No evidence to support prophylactic intracranial stenting prior to noncardiac surgery



Preoperative Stroke Risk Reduction Strategies

• Patent Foramen Ovale

Retrospective study of >150,000 patients undergoing noncardiac surgery revealed higher 

perioperative stroke rates in patients with a PFO (Ng et al JAMA 2018)

Strokes tended to be more severe and in large vessel territory in patients with PFO

Patients undergoing total hip arthroplasty had 29x risk of perioperative stroke if diagnosed 

with known PFO/ASD vs controls (confounded by work up bias) (Perfetti et al J Arthroplasty 2017)

Further study needed to characterize association of PFO and perioperative stroke



Preoperative Stroke Risk Reduction Strategies

• Medication Management

Beta Blockers

Metoprolol 2-4 hours before surgery less likely to reach composite cardiac endpoint but had 

higher rates of stroke and overall mortality

Unclear if specific beta blockers (eg metoprolol) carry increased risk

Current guidelines support continuing beta blockers in patients already taking them, and 

beginning beta blockers in patients with significant cardiac risk (but not on day of surgery) 
(Fleisher et al Circulation 2014)

Statins

Continue taking statin to reduce multiple cardiovascular endpoints (Fleisher et al Circulation 2014)

No study clearly showed reduction in perioperative stroke risk



Preoperative Stroke Risk Reduction Strategies

• Medication Management

Antithrombotics

Existing evidence-based guidelines already published by ACS and ACCP

Trend toward limiting bridging therapy to only patients at high risk of cardioembolism and 

avoiding routine continuation of low dose ASA therapy in patients without prior PCI

Recommend consulting existing guidelines for specific indications



Preoperative Stroke Risk Reduction Strategies



Preoperative Stroke Risk Reduction Strategies



Intraoperative Management

• Blood Pressure

• Maintaining end-organ perfusion is critical, especially the brain

• Evidence linking hypotension and stroke risk is weak, except for POISE (higher stroke rates 

seen in patients receiving metoprolol)

• Stronger evidence showing association between hypotension and end-organ injury

• Summary statement suggested keeping MAP > 70 mm Hg intraoperatively to 

reduce the risk of stroke for both noncardiac and cardiac surgery

• No specific upper MAP target, just avoid extremes of hypertension to limit end-organ injury, 

eg, cerebral edema and MI



Intraoperative Management

• Goal-directed Therapy

• More complex hemodynamic management targeting optimal organ perfusion and oxygen 

delivery

• Studies using cardiac output-guided or hemodynamic algorithms reduced overall 

complications (no reported reduction in stroke risk)

• Blood Transfusion

• Anemia appears to be a risk factor for stroke in the general population but not clearly in 

patients undergoing noncardiac surgery

• Additionally, patients who receive perioperative transfusions have worse outcomes than 

those who do not

• AABB: transfusion threshold of 7g/dl for stable patients, and < 8 g/dl for patients with 

cardiovascular disease or hemodynamic instability

• Summary Statement suggests using < 8 g/dl threshold for patients with elevated stroke risk 

and < 9 g/dl with acute perioperative stroke or large vessel stenosis



Intraoperative Management

• Epiaortic ultrasound recommended to evaluate aortic atherosclerosis and 

determine cannulation technique

• Limiting cardiac manipulation may also lead to lower stroke risk

• Deep hypothermia (14-20 degrees C) mainstay of intraoperative management 

with adjunctive cerebral perfusion; no clear recommendations for specific 

approach to perfusion



Postoperative Management in Cardiac Surgery

• Risk of postoperative AF is 27-40%

• Increased risk of stroke, longer LOS, higher mortality, and greater likelihood of AF in the 

future

• Prevention:

• Continuing beta blocker therapy

• Initiating beta blocker therapy in naïve patients 2-3 days prior to surgery

• Amiodarone pre and post surgery (beta blockers preferred though)

• Adding ACE-I, potassium and magnesium supplementation, statins may reduce risk

• Treatment

• Rate and rhythm control

• Anticoagulation 12-48 hours after surgery, warfarin with mechanical valves, DOAC for nonvalvular



Identification and Treatment of Perioperative Stroke

• Between 4-17% of all strokes occur in hospitalized patients

• 60% are either periprocedural or occur in angiography suite

• In-house strokes:

• Longer LOS

• Higher mortality

• Higher likelihood of SNF discharge

• Less likely to receive thrombolytic therapy

• More likely to have delays in brain imaging and acute treatment



Identification and Treatment of Perioperative Stroke

• Half of all perioperative strokes occur within 24 hours after surgery

• Identification therefore complicated by residual anesthetic effects, opioids or 

other psychoactive medications

• No validated tool for perioperative staff to utilize in assessing possible stroke

• All perioperative providers should be empowered to call a “Code Stroke” and 

implement an established protocol



Identification and Treatment of Perioperative Stroke

• Endovascular Therapy

• Benefits clearly established in acute stroke patients presenting to ED with clear protocols to 

determine eligibility

• Limited evidence in perioperative setting, especially in noncardiac surgery

• Extended time window and lack of specific requirement for anticoagulation/thrombolytic 

treatment afford greater options for endovascular therapy in perioperative patients



Identification and Treatment of Perioperative Stroke

• Thrombolytic Therapy

• Several retrospective studies have shown perioperative patients undergoing thrombolytic 

therapy had an increase in surgical site hemorrhages but no major complications

• 134 patients were treated with IV tpa after undergoing surgery in prior 90 days ( 49 patients 

within 1-10 days of surgery).

• 7% had surgical site hemorrhage (4% serious) 

• 9.7% had intracranial hemorrhage (all were asymptomatic)

Use of thrombolytic therapy, including the extended-window protocols, may be considered in 

perioperative patients, but only after careful consideration and discussion with all providing teams 

(surgery, anesthesia, hospital medicine, stroke service)



Timing of Elective Surgery

How long to delay elective surgery in patients 

with a history of stroke?





Association of Time Elapsed Since Ischemic 

Stroke with Risk of Recurrent Stroke

• Data Source:

• Administrative database (Medicare Provider Analysis and Review-MEDPAR) between  

2011-2018

• Demographic information, payer, diagnostic and procedural codes, source of admission, 

discharge destination, date of death

• Study Population

• Patients 66 years and older undergoing noncardiac, non-neurologic surgery



Study Sample



Outcomes

• Primary

• Acute ischemic stroke during index admission or readmission for ischemic stroke within 30 

days of surgery

• Secondary

• (1) 30-day all-cause mortality,

• (2) composite of acute ischemic stroke or death within 30 days

• (3) discharge to a nursing home or skilled nursing facility



Analysis
• Using multivariable logistic regression to ascertain whether there was an 

independent association between a previous stroke and perioperative stroke

• Model controlled for:

• age, sex, race and ethnicity, dual-eligibility status (eligible for both Medicare and Medicaid)

• whether a patient was living in the community or in a nursing home or SNF before surgery

• comorbidities, surgical procedure class, and year of admission

• Specified time interval from previous stroke to surgery as a categorical variable

• 30 days or fewer

• 31 to 60 days

• 61 to 90 days

• 91 to 180 days

• 181 to 360 days

• 361 to 720 days

Reference category: No stroke within 720-day look-back period



Analysis

• Subgroup analysis to determine if findings were a function of the risk of 

surgery

• Risk of surgery classified as low, intermediate, or high-risk surgery based on actual mortality 

rates (not expert consensus)



Results

• Patient population

• Patients with a history of stroke

• Were older than those without a history of stroke (age 76.0 vs 74.1 years)

• More likely to be men (52.8% vs 42.2%)

• More likely to have dual-eligibility status (11.8% vs 7.5%)

• Also more likely to have:

• Congestive heart failure (13.4% vs 5.9%)

• Cardiac arrhythmias (30.4% vs 16.9%)

• Valvular disease (10.9%vs 5.7%)

• Peripheral vascular disease (26.6% vs 7.8%)

• Kidney failure (17.4% vs 9.8%).



Results



Results



Results-Subgroup Analysis
High Risk

Intermediate Risk

Low Risk



Results



Discussion

• Patients with a history of stroke < 30 days of surgery had the following 

compared to patients with no history of stroke

• 8-fold higher risk of acute ischemic stroke

• 2.5-fold higher risk of all-cause mortality

• 3-fold higher risk of discharge to a nursing home or skilled nursing facility 

• Risk of recurrent stroke in patients with a previous stroke leveled off after 90 

days but was still 5-fold higher

• Risk of death also leveled off after 90 days, but the rate was still 50% higher 

than in patients without a previous stroke.



Limitations
• Unclear if decline in risk of stroke over time simply reflects decline in risk of 

stroke irrespective of surgery

• Study may underestimate risk of stroke as patients with severe stroke may 

have avoided surgery altogether

• Strokes observed in perioperative period would have happened anyway 

(refuted in part by large number of strokes (50%) occurring in first 7 days post-

op)

• Survival bias: Patients with a history of stroke 180-720 days may just be 

healthier as they survived long enough to undergo surgery

• Only refers to patients 66 years of age and older



Conclusions

• Patients 66 years or older with a history of stroke have a higher risk of 

perioperative stroke and 30-day mortality compared with patients without 

previous stroke

• Risk of stroke and death leveled off when more than 90 days elapsed between 

a previous stroke and elective surgery

• Prior recommendations of the AHA to delay surgery 6 months, and possibly 9 

months, may be too conservative



Preoperative Suggestions



Intraoperative Suggestions



Postoperative Suggestions



Cardiac Surgery Suggestions


