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                     It is increasingly common for physicians and anaesthetists to 
be asked for advice in the medical management of surgical 
patients who have an incidental history of stroke or transient 
ischaemic attack (TIA). Advising clinicians requires an under-
standing of the common predictors, outcomes and manage-
ment of perioperative stroke. The most important predictor 
of perioperative stroke is a previous history of stroke, and out-
comes associated with such an event are extremely poor. The 
perioperative management of this patient group needs careful 
consideration to minimise the thrombotic risk and a compre-
hensive, individualised approach is crucial. Although there is 
literature supporting the management of such patients under-
going cardiac surgery, evidence is lacking in the setting of non-
cardiac surgical intervention. This article reviews the current 
evidence and provides a pragmatic interpretation to inform 
the perioperative management of patients with a history of 
stroke and/or TIA presenting for elective non-cardiac surgery.   
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  Introduction 

 Increasing numbers of older patients with multimorbidity are 
undergoing elective and emergency surgery. Unsurprisingly, 
physicians and anaesthetists are increasingly asked for medical 
advice to support the management of such surgical patients. 
Often these requests relate to patients with cerebrovascular 
disease, given that the incidence for stroke is approximately 
152,000 per year and around 46,000 people experience a 
transient ischaemic attack (TIA) for the first time in the UK 
each year.  1,2   Although stroke incidence increases with age, 
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              Perioperative management of adult patients with 
a history of stroke or transient ischaemic attack 
undergoing elective non-cardiac surgery  

approximately 25% of strokes occur in people under the 
age of 65 years.  3   Following an initial stroke, patients are at a 
significantly higher risk of a further stroke compared with the 
general population.  1,4   The highest risk of a recurrent event is 
within the first month.  4   

 Perioperative stroke is a well-recognised complication of 
cardiac, carotid and neurological surgery; however, it is also 
a significant consequence of other types of surgery. Studies 
investigating the risk of perioperative stroke associated with 
non-cardiac procedures are largely retrospective analyses of 
administrative databases (Table S1). The reported incidence 
of perioperative stroke in non-cardiac surgery ranges from 
0.1–4.4%, which may be an underestimation as minor strokes 
and TIAs are likely to be under-reported.  5–14   

 The most consistently reported independent predictor for 
perioperative stroke is a previous stroke and, therefore, the 
perioperative management of this cohort of patients needs 
to be carefully tailored to minimise risk.  15,16   In addition, 
perioperative withdrawal of antiplatelets or anticoagulants 
and postoperative immobility can aggravate a surgery-
induced hypercoagulable state thus increasing the risk of a 
perioperative cerebral thrombotic event. Other intraoperative 
risk factors include perioperative arrhythmias or intraoperative 
hypotension resulting in watershed territory cerebral infarction. 
Perioperative stroke has been strongly associated with poor 
outcomes: increased rates of postoperative respiratory and 
cardiac complications, increased length of stay, greater rates 
of institutionalisation and increased mortality.  12–16   Mortality 
rates associated with stroke following non-cardiac surgery are 
reported in the range of 18–32% 12–14  and are even higher in 
those with a previous history of stroke.  8    

 This review aims to provide a practical, evidence-based 
approach to the management of patients with a history of stroke 
or TIA undergoing elective non-cardiac, non-carotid surgery.  

  Timing of elective surgery following a recent stroke 

 There are limited studies specifically addressing the optimal 
timing of elective surgery following a stroke; however, it is 
helpful to consider the pathophysiological factors associated 
with an acute event. In the days following a stroke, cerebral 
autoregulation is impaired and cerebral perfusion is therefore 
very sensitive to even modest changes in blood pressure.  17,18   

CMJv16n6-Mehdi.indd   535CMJv16n6-Mehdi.indd   535 16/11/16   7:11 AM16/11/16   7:11 AM



Zehra Mehdi, Jonathan Birns, Judith Partridge et al

536 © Royal College of Physicians 2016. All rights reserved.

The duration of this failure of autoregulation is uncertain 
but it has been postulated that it may last 1–3 months.  17–19   
Furthermore, the area of infarcted cerebral tissue undergoes 
inflammatory processes and softens, rendering this area 
vulnerable to the haemodynamic stresses of anaesthesia 
and surgery.  19   Following a stroke, a sufficient time period 
should be allowed before elective surgery for the patient’s 
neurological and haemodynamic status to stabilise and cerebral 
autoregulation to be restored to minimise the risk of a further 
stroke or worsening of the initial stroke. A 2014 cohort study 
has investigated the association between the timing of elective 
non-cardiac surgery following a stroke and the risk of a major 
cardiovascular event.  20   This found that, compared with patients 
who had never experienced a stroke, a prior history of stroke 
– especially within the preceding 3 months of surgery – was 
associated with a higher risk of major cardiovascular events 
(odds ratio 14.23, 95% CI 11.61–17.45) and also a higher 
30-day mortality rate (odds ratio 3.07, 95%CI, 2.30–4.09). In 
patients who have had a recent stroke or TIA, current evidence 
suggests that it would be safer to delay elective surgery for 
3 months.  8,15,19,20   This will need to take into account the 
urgency of surgery and an individualised approach to the risk 
and benefit of proceeding with early surgery will need to be 
made. For example, in the case of non-urgent surgery – such as 
an elective joint replacement – waiting the full 3 months would 
be prudent, whereas in cancer surgery the likely mortality 
benefit from urgent surgical treatment may outweigh the stroke 
risk and early surgery may be considered.  

  Preoperative carotid artery revascularisation 

 The 2014 European Society of Cardiology (ESC)/European 
Society of Anaesthesiology (ESA) guideline on non-cardiac 
surgery highlights the absence of specific studies investigating 
the benefits of carotid revascularisation in patients with 
symptomatic carotid disease undergoing elective non-cardiac 
surgery.  21   It recommends following the 2011 ESC guideline 
on the management of such patients in the non-surgical 
population.  22   The guidelines emphasise that the benefit of 
carotid revascularisation is highest within the first 2 weeks of 
symptoms and generally should be performed within 12 weeks, 
after which the risks of the procedure outweigh any stroke 
risk reduction benefit.  21–23   A pooled analysis of 5,893 patients 
reported that the number needed to treat to prevent one 
ipsilateral stroke in 5 years was five for those randomised 
within 2 weeks after the ischaemic event versus 125 for patients 
randomised after 12 weeks.  23   Therefore, it is reasonable to 
recommend that all patients with a history of TIA and/or stroke 
within the preceding 12 weeks should undergo carotid imaging. 
Patients with symptomatic carotid stenosis of greater than 
50% should be referred for consideration of revascularisation 
within 12 weeks of the event prior to undergoing elective 
non-cardiac surgery.  21–23   In asymptomatic patients with no 
neurological symptoms or signs, routine carotid imaging is 
not recommended and the benefits of revascularisation are 
questionable compared with best medical therapy.  22    

  Perioperative management of antiplatelet agents 

 The withdrawal of antiplatelet therapy used for stroke 
secondary prevention has been associated with an increased 

risk of perioperative stroke.  24–26   This may be due to the 
resultant rebound hypercoagulability characterised by 
increased thromboxane production and decreased fibrinolysis 
aggravating the pro-thrombotic state associated with surgery.  24   
Conversely, continuing antiplatelet therapy throughout the 
perioperative period has implications on both surgical site 
bleeding and anaesthetic decision making, particularly with 
respect to the use of neuraxial techniques such as epidural or 
spinal anaesthesia.  

  Aspirin 

 There is considerable variability in clinical practice with regard 
to the perioperative management of aspirin.  27   Observational and 
retrospective studies suggest that the perioperative withdrawal 
of aspirin is associated with a significantly greater thrombotic 
risk, which outweighs the bleeding risk.  24,28   One double-blinded 
randomised controlled trial compared the effects of using low-
dose aspirin during the perioperative period with placebo in 
patients with at least one cardiac risk factor undergoing elective 
non-cardiac surgery. A total of 220 patients were randomised to 
receive either aspirin or a placebo drug 7 days prior to surgery 
and continued on the study drug for 3 days postoperatively. 
They found that the 30-day postoperative incidence of stroke or 
TIA was significantly lower in the aspirin group: three patients 
(2.7%) in the aspirin group compared with ten patients in the 
placebo group (9%) (p=0.049); however, this study was found to 
be underpowered to evaluate bleeding complications.  29   A larger, 
more recent trial randomised 10,010 patients undergoing non-
cardiac surgery to receive aspirin or placebo (patients already 
taking antiplatelet agents had to stop them 3–7 days prior to 
surgery and restart at the study dose just before surgery).  30   This 
demonstrated that aspirin use did not reduce the rate of death, 
myocardial infarction or stroke. Stroke occurred in 16 patients 
(0.3%) in the aspirin group and in 19 patients (0.4%) in the 
placebo group (hazard ratio, 0.84; 95% CI, 0.43–1.64; p=0.62). 
Conversely, major bleeding was significantly more common in 
the aspirin group than in the placebo group (4.6% versus 3.8%, 
respectively; hazard ratio 1.23; 95% CI 1.01–1.49; p=0.04). 
Based on the results of this study, the 2014 ESC/ESA guidelines 
and the 2014 American College of Cardiology (ACC)/American 
Heart Association (AHA) guidelines both conclude that the 
perioperative management of aspirin should be based on a 
comprehensive individual risk-benefit assessment, weighing 
the perioperative bleeding risk associated with both the type of 
surgery and patient factors against the thrombotic risk.  21,31   The 
American College of Chest Physicians has suggested thrombotic 
and bleeding risk stratification strategies and bleeding risk 
scores such as HAS-BLED can also be used (Tables  1 and 2 ).  32–34      

  Other antiplatelet agents 

 There are limited data investigating the risk of perioperative 
stroke associated with clopidogrel or dipyridamole withdrawal; 
however, the bleeding risk associated with clopidogrel is well 
established.  35,36   In the CURE (clopidogrel in unstable angina 
to prevent recurrent events) trial, a significantly higher rate 
of bleeding occurred in patients in whom clopidogrel was 
discontinued ≤5 days before surgery (9.6% in the clopidogrel 
group versus 6.3% in the placebo group, p=0.06) in patients 
due to undergo cardiac surgery.  35   Extrapolating from such 
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studies, and based on the current practice for safe spinal 
anaesthesia, the consensus remains that clopidogrel should 
be stopped 7 days prior to non-cardiac surgery. In patients 
with a high thrombotic risk, it may be advisable to substitute 
clopidogrel with aspirin during the perioperative period.  

  Perioperative management of oral anticoagulants 

 Temporary discontinuation of oral anticoagulant therapy 
during the perioperative period requires careful management. 
The potentially increased risk of stroke during interruption 
of anticoagulation needs to be balanced against the risk of 
bleeding associated with surgery and the inability to use 
neuraxial anaesthesia in anticoagulated patients.  

  Vitamin K antagonists 

 In procedures with low bleeding risk, continuation of warfarin 
therapy has not been associated with a significant increase in 
bleeding.  37,38   A systematic review demonstrated that the rate of 
major bleeding in patients who continued a therapeutic dose of 
warfarin was 0.2% for dental procedures and 0% for cataract 
surgery, arthrocentesis, upper endoscopy and colonoscopy.  38   
However, in patients who are at higher risk of bleeding (Table  1 ) 
one strategy commonly used is to ‘bridge’ the time off warfarin 
with low molecular weight heparin (LMWH) to minimise 
thrombotic risk. In an analysis of data from observational 
studies, the relative risk reduction for thromboembolism with 
bridge therapy was estimated to be 66–80%; however, this 
finding is offset by the reported higher risk of major bleeding 
compared with no bridging.  37   ,   39–42   Until recently there have 
been no robust studies aimed at answering the fundamental 
question of when perioperative bridging is required during 
the interruption of anticoagulation.  43,44   A large randomised 
controlled trial of nearly 2,000 patients with chronic atrial 
fibrillation or flutter on warfarin for at least 3 months, and 
at least one of the following CHADS2 stroke risk factors 
(congestive cardiac failure, hypertension, age of 75 years or 
older, diabetes or previous stroke or TIA), assigned patients to 
receive either bridging with the LMWH, dalteparin, or placebo 
injections.  43   They found that stopping anticoagulation without 
bridging was non-inferior to the use of bridging with LMWH 
in preventing arterial thromboembolism and there was a much 
greater risk of major bleeding in the bridging group (3.2% 
versus 1.3%, RR 0.41; 95% CI, 0.20–0.78; p=0.005). It must 
be noted that this study excluded patients with mechanical 
heart valves and those with a stroke or TIA within 12 weeks 
of the surgery, and the majority of the patients included had 
a low CHADS2 score (mean score 2.6), ie low thrombotic 
risk. It would be wise, therefore, to adopt an individualised 
approach in those patients deemed to have a high thrombotic 
risk. The PERIOP 2 study is currently underway investigating 

 Table 1.      Bleeding risk associated with different 
types of surgery   

Moderate to high risk Low risk 

   >     Neurosurgery  

  >   Spinal/epidural surgical procedures  

  >     Urologic surgery and procedures  

  >   Vascular surgery  

  >   GI surgery – major intra-abdominal  

  >   Orthopaedic joint surgery  

  >   Breast surgery  

  >   Thoracic surgery  

  >   Invasive ophthalmic surgery  

  >   Reconstructive plastic surgery  

  >   Pacemaker/ICD implantation  

  >   Liver biopsy   

   >    Minor dermatological 

surgery, eg skin 

biopsy  

  >    Cataract or glaucoma 

surgery  

  >    Dental procedures, 

eg simple extractions  

  >    Laparoscopic 

cholecystectomy  

  >    Biopsy of a 

compressible site  

  >    Joint aspiration/

injection   

   ICD = Implantable cardioverter defibrillator; GI = gastrointestinal  

  Adapted with permission from Douketis  et al .  33     

 Table 2.      Thrombotic assessment  

 Thrombotic risk 

 High Moderate Low 

Mechanical heart 

valve

   >   Any mechanical mitral valve  

  >     Older mechanical valve model aortic 

valve (caged ball/tilting disc)  

  >     Recently placed mechanical valve 

(<3 months)   

  >   Recent stroke or TIA (within 

6 months)   

Bi-leaflet aortic valve and one of the following:

   >   AF,  

  >     previous stroke/TIA,  

  >     hypertension,  

  >     diabetes,  

  >   heart failure,  

  >     age >75 years.   

>  Bi-leaflet aortic 

valve without AF 

and no other risk 

factors for stroke

Atrial fibrillation    >   With mechanical heart valve  

  >     With rheumatic fever  

>     With recent stroke or TIA (<3 months)  

  >     CHADS  score 5 or 6   

CHADS score of 3 or 4 >  CHADS score 0–2 

(no previous TIA/

Stroke)

Venous 

thromboembolism

   >   VTE with previous 3 months  

  >     With severe thrombophilia (Protein 

C, S or Antithrombin III defi ciency, 

 Homozygous factor V Leiden mutation)   

   >   VTE 3–12 months ago  

  >   Recurrent VTE  

  >     With non-severe thrombophilia (Heterozygous 

factor V Leiden mutation)   

>  Single VTE >12 

months ago and 

no other risk 

factors

   AF = atrial fibrillation; CHADS = congestive cardiac failure, hypertension, age of 75 years or older, diabetes or previous stroke or TIA; TIA = transient ischaemic attack; 

VTE = venous thromboembolism.  

  Adapted with permission from Douketis  et al .  33     
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the effectiveness and safety of LMWH bridging in high-
risk patients (those with a mechanical heart valve or atrial 
fibrillation/flutter and a high stroke risk).  44      

  Non-vitamin K oral anticoagulants 

 The new oral anticoagulants – dabigatran, rivaroxaban, 
apixaban and edoxaban – are prescribed for stroke prevention 
in patients with non-valvular atrial fibrillation.  45,46   As these 
drugs have relatively short half-lives, and drug concentrations 
decline rapidly in patients with normal renal function 
(Table  3a ), bridging therapy is not considered to be necessary 
during the perioperative period.  45,46   The 2013 European Heart 
Rhythm Association guidelines provide recommendations on 
the timing of stopping non-vitamin K oral anticoagulants prior 
to elective surgery.  46   This is dependent on renal function as the 
majority of these drugs are renally excreted, and also on the 
specific bleeding risk of the surgical procedure (Table  3b ).    

  Intraoperative and postoperative considerations 

  Intraoperative hypotension 

 The pathophysiology of perioperative stroke in patients 
undergoing non-cardiac surgery is not well defined. An 
analysis of nine studies involving 301 patients reported that 
68% of non-cardiac surgery perioperative strokes were due to 
cerebrovascular thrombosis, 16% were due to emboli and 5% 

were due to intracerebral haemorrhage.  14   This is in contrast 
to cardiothoracic surgical patients in whom the majority of 
strokes are embolic in nature. Interestingly, very few non-
cardiac perioperative strokes have been reported to be related to 
hypoperfusion. Nevertheless, intraoperative hypotension in the 
setting of carotid artery stenosis is a risk factor for watershed 
infarcts.  47   The maintenance of adequate cerebral perfusion in 
this group of patients is therefore extremely important. There 
is a lack of consensus regarding optimal perioperative blood 
pressure targets; however, it has been suggested that mean or 
systolic blood pressure should be maintained within 20% of the 
patient’s baseline preoperative blood pressure.  15,16    

  Perioperative atrial fi brillation 

 Perioperative atrial fibrillation (AF) is the most common 
perioperative arrhythmia and is often due to electrolyte 
imbalances and intravascular volume shifts that may occur 
during surgery.  16,48   It has previously been considered transient; 
however, a recent retrospective study has demonstrated a 
significant association between the occurrence of perioperative 
AF and the long-term risk of stroke, especially in the setting of 
non-cardiac surgery.  49   Unfortunately, this study was unable to 
determine the duration of the AF episodes; thus the findings 
may be related to patients with persistent AF rather than a 
transient postoperative episode. Further studies are required to 
establish the long-term risk of stroke in this group of patients 

 Table 3a.      Properties of non-vitamin K oral anticoagulants  

 Dabigatran Rivaroxaban Apixaban Edoxaban 

Mode of action Direct thrombin inhibitor Factor Xa inhibitor Factor Xa inhibitor Factor Xa inhibitor

Peak onset 2 hours 2–4 hours 3–4 hours 1–2 hours

Half-life 12–14 hours 5–13 hours 8–15 hours 10–14 hours

Elimination 80% Renal 66% Renal 25% Renal 50% Renal

20% Biliary 33% Biliary 75% Biliary 50% Biliary

Adjust dose for renal 

failure

Yes avoid if eGFR 

<30 mL/min

Yes avoid if eGFR 

<30 mL/min

Yes avoid if eGFR 

<15 mL/min

Yes avoid if eGFR 

<15 mL/min

   eGFR = estimated glomerular filtration rate   

 Table 3b.      Timings of when to stop NOACs prior to elective surgery according to surgical bleeding risk and 
renal function  

 Dabigatran Apixaban Rivaroxaban 

If no clinically important bleeding risk, then perform surgery at trough level (ie ≥12 hours or ≥48 hours after last intake, depending on once 

daily or twice daily regimen) 

Bleeding risk

Renal function Low risk High risk Low risk High risk Low risk High risk 

CrCl ≥80 mL/min ≥24 hours ≥48 hours ≥24 hours ≥ 48hours ≥24 hours ≥48 hours

CrCl 50–80 mL/min ≥36 hours ≥72 hours

CrCl 30–50 mL/min ≥48 hours ≥96 hours

CrCl 15–30 mL/min Not indicated ≥36 hours ≥ 48hours ≥36 hours ≥48 hours

CrCl <15 mL/min Not indicated

   NOAC = non-vitamin K oral anticoagulant  

  Adapted from the European Heart Rhythm Association recommendations.  46     
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and the need for long-term anticoagulation. Nonetheless, the 
National Institute for Health and Care Excellence recommends 
the initiation of anti-thrombotic therapy with heparin for 
patients with postoperative AF following non-cardiothoracic 
surgery until a full risk-benefit assessment can be undertaken.  50   
The American College of Chest Physicians also recommends 
consideration of heparin therapy in high-risk patients who 
develop perioperative AF – particularly in those with a history 
stroke or TIA – and to continue anticoagulation therapy for 
30 days after the return of a normal sinus rhythm.  31     

  Preoperative assessment of patients with a prior 
history of stroke or TIA 

 Given the evidence on timing of surgery, management of 
antiplatelets and anticoagulants, and the lack of guidelines, 
Table  4  outlines a pragmatic approach to preoperative 
assessment to provide the patient with an individualised 
perioperative plan.   

  Discussion 

 The perioperative management of patients with a history of 
stroke is complex and requires careful attention to detail to 
minimise adverse outcomes in this high-risk population. The 
timing of surgery is particularly important and current evidence 
suggests that non-urgent surgery should be delayed by at least 
3 months following a stroke or TIA because of alterations in 
autoregulation. The withdrawal of antiplatelet and anticoagulant 
agents prior to surgery should be guided by an individualised 

assessment of bleeding and thrombotic risk. Consensus opinion, 
however, supports continuing aspirin for all surgical cases, with 
the exception of specific surgery types (eg closed space surgery: 
intracranial, posterior eye chamber, etc). Prior to elective 
surgery, clopidogrel should be stopped for 7 days, warfarin 
for 4 days and non-vitamin K oral anticoagulants should be 
discontinued between 1 and 4 days preoperatively according to 
renal function and surgical bleeding risk. For patients deemed to 
have a high thrombotic risk and a high bleeding risk, an expert 
multidisciplinary opinion should be sought. 

 Patients with a history of stroke or TIA are at a higher risk of 
a perioperative stroke and subsequent poor clinical outcomes. 
Recognition of this risk and employing the perioperative 
strategies described in this article are crucial components of the 
safe management of this group of patients.   ■

  Conflicts of interest 

 The authors declare no conflicts of interests.  

  Supplementary material 

 Additional supplementary material may be found in the online 
version of this article at  www.clinmed.rcpjournal.org/ :  

 S1 – Incidence of perioperative stroke associated with non-
cardiac non-carotid surgery.     

 References 

  1        Scarborough   P   ,    Peto   V   ,    Bhatnagar   P     et al.   Stroke statistics .  London : 
 British Heart Foundation and Stroke Association ,  2009 .   

  2        Townsend   N   ,    Wickramasinghe   K   ,    Bhatnagar   P     et al.   Coronary heart 
disease statistics .  London :  British Heart Foundation ,  2012 .  

  3       Intercollegiate Stroke Working Party  .  National clinical guidelines for 
stroke ,  4th edn .  London :  Royal College of Physicians ,  2012 .  

  4        Mohan   KM.   ,    Wolfe   CDA   ,    Rudd   AG     et al   .  Risk and cumulative risk 
of stroke recurrence: a systemic review and meta-analysis .  Stroke  
 2011 ; 42 : P1489 – 94 .  

  5        Cooperman   M   ,    Pflug   B   ,    Martin   EW  Jr   ,    Evans   WE   .  Cardiovascular 
risk factors in patients with peripheral vascular disease .  Surgery  
 1978 ; 84 : 505 – 9 .  

  6        Turnipseed   WD   ,    Berkoff   HA   ,    Belzer   FO   .  Postoperative stroke in 
cardiac and peripheral vascular disease .  Ann Surg   1980 ; 192 : 365 – 8 .  

  7        Larsen   SF   ,    Zaric   D   ,    Boysen   G   .  Postoperative cerebrovascular acci-
dents in general surgery .  Acta Anaesthesiol Scand   1988 ; 32 : 698 – 701 .  

  8        Landercasper   J   ,    Merz   BJ   ,    Cogbill   TH     et a l.  Perioperative stroke risk 
in 173 consecutive patients with a past history of stroke .  Arch Surg  
 1990 ; 125 : 986 – 9 .  

  9        Parvizi   J   ,    Mui   A   ,    Purtill   JJ     et al   .  Total joint arthroplasty: when 
do fatal or near-fatal complications occur?   J Bone Joint Surg Am  
 2007 ; 89 : 27 – 32 .  

  10        Kikura   M   ,    Oikawa   F   ,    Yamamoto   K     et al   .  Myocardial infarction and 
cerebrovascular accident following non-cardiac surgery: differences 
in postoperative temporal distribution and risk factors .  J Thromb 
Haemost   2008 ; 6 : 742 – 8 .  

  11        Popa   AS   ,    Rabinstein   AA   ,    Huddleston   PM     et al   .  Predictors of 
ischemic stroke after hip operation: A population-based study . 
 J Hosp Med   2009 ; 4 : 298 – 303 .  

  12        Bateman   BT   ,    Schumacher   HC   ,    Wang   S   ,    Shaefi   S   ,    Berman   MF   . 
 Perioperative acute ischemic stroke in noncardiac and nonvascular 
surgery: Incidence, risk factors, and outcomes .  Anesthesiology  
 2009 ; 110 : 231 – 8 .  

  13        Mashour   GA   ,    Shanks   AM   ,    Kheterpal   S   .  Perioperative stroke and 
associated mortality after noncardiac, nonneurologic surgery . 
 Anesthesiology   2011 ; 114 : 1289 – 96 .  

 Table 4.      Framework for preoperative assessment of 
patients with a prior history of stroke or TIA  

History of stroke and/

or TIA

   >   Date it occurred  

  >     Type of stroke (infarction or haemor-

rhage)  

  >     Secondary prevention medications, 

eg antiplatelets ,  anticoagulants, 

anti-hypertensives, statins  

  >     Residual defi cit from the stroke  

  >     Previous stroke-related investigations, 

eg brain imaging carotid Doppler 

ultrasound, ECG, echocardiography   

Decide upon the 

timing of surgery in 

relation to the stroke/

TIA

>  Delay elective surgery for 3 months 

unless mortality benefit from urgent 

surgical treatment likely to outweigh 

stroke risk

Formulate a 

perioperative 

management plan 

for patients taking 

antiplatelet agents 

and/or anticoagulation

>  Perform a comprehensive individual 

assessment of thrombotic risk of 

stroke versus bleeding risk of surgery

Identify potential perioperative complications

Communicate the individualised management plan to all 

healthcare professionals involved in the surgical pathway in 

agreement with the patient

   ECG = electrocardiogram; TIA = transient ischaemic attack.   

CMJv16n6-Mehdi.indd   539CMJv16n6-Mehdi.indd   539 16/11/16   7:11 AM16/11/16   7:11 AM



Zehra Mehdi, Jonathan Birns, Judith Partridge et al

540 © Royal College of Physicians 2016. All rights reserved.

  14        Biteker   M   ,    Kayatas   K   ,    Türkmen   FM   ,    Mısırlı   CH   .  Impact of perio-
perative acute ischemic stroke on the outcomes of noncardiac and 
nonvascular surgery: a single centre prospective study .  Can J Surg  
 2014 ; 57 : E55 – 61 .  

  15        Ng   JL   ,    Chan   MT   ,    Gelb   AW   .  Perioperative stroke in noncardiac, 
nonneurosurgical surgery .  Anesthesiology   2011 ; 115 : 879 – 90 .  

  16         Selim   M.     Perioperative stroke .  N Engl J Med   2007 ; 356 : 706 – 13 .  
  17         Dawson   SL   ,    Blake   MJ   ,    Panerai   RB   ,    Potter   JF   .  Dynamic but not 

static cerebral autoregulation is impaired in acute ischaemic stroke . 
 Cerebrovasc Dis   2000 ;  10 : 126 – 32 .  

  18         Aries   MJ   ,    Elting   JW   ,    De Keyser   J   ,    Kremer   BP   ,    Vroomen   PC   . 
 Cerebral autoregulation in stroke: a review of transcranial Doppler 
studies .  Stroke   2010 ;  41 : 2697 – 704 .  

  19        Blacker   DJ   ,    Flemming   KD   ,    Link   MJ   ,    Jr   Brown RD   .  The preoperative 
cerebrovascular consultation: common cerebrovascular questions 
before general or cardiac surgery .  Mayo Clin Proc   2004 ; 79 : 223 – 9 .  

  20        Jørgensen   ME   ,    Torp-Pedersen   C   ,    Gislason   GH     et al   .  Time elapsed 
after ischemic stroke and risk of adverse cardiovascular events 
and mortality following elective noncardiac surgery .  JAMA  
 2014 ; 312 : 269 – 77 .  

  21        Kristensen   SD   ,    Knuuti   J   ,    Saraste   A     et al   .  2014   ESC/ESA Guidelines 
on non-cardiac surgery: cardiovascular assessment and manage-
ment: The Joint Task Force on non-cardiac surgery: cardiovas-
cular assessment and management of the European Society of 
Cardiology (ESC) and the European Society of Anaesthesiology 
(ESA) .  Eur Heart J   2014 ; 35 : 2383 – 431 .  

  22        Tendera   M   ,    Aboyans   V   ,    Bartelink   ML     et al   .  ESC Guidelines on the 
diagnosis and treatment of peripheral artery diseases: Document 
covering atherosclerotic disease of extracranial carotid and ver-
tebral, mesenteric, renal, upper and lower extremity arteries: the 
Task Force on the Diagnosis and Treatment of Peripheral Artery 
Diseases of the European Society of Cardiology (ESC) .  Eur Heart J  
 2011 ; 32 : 2851 – 906 .  

  23        Rothwell   PM   ,    Warlow   CP   .  Timing of TIAs preceding stroke: time 
window for prevention is very short .  Neurology   2005 ; 64 : 817 – 20 .  

  24        Gersteine   NS   ,    Schulman   PM   ,    Gersteine   WH     et al   .  Should more 
patients continue aspirin therapy preoperatively?   Ann Surg  
 2012 ; 255 : 811 – 9 .  

  25        O’Riordan   JM   ,    Margey   RJ   ,    Blake   G   ,    O’Connell   PR   .  Antiplatelet 
agents in the perioperative period .  Arch Surg   2009 ; 144 : 69 – 76 .  

  26        Sibon   I   ,    Orgogozo   JM   .  Antiplatelet drug discontinuation is a risk 
factor for ischemic stroke .  Neurology   2004 ; 62 : 1187 – 9 .  

  27        Hiralal   R   ,    Guyatt   G   ,    Bhandari   M     et al   .  A survey evaluating sur-
geons’ peri-operative usage of acetyl-salicylic acid (ASA) and their 
willingness to enroll their patients in a perioperative ASA rand-
omized controlled trial .  Clin Invest Med   2010 ; 33 : E375 – 83 .  

  28        Burger   W   ,    Chemnitius   JM   ,    Kneissl   GD     et al   .  Low-dose aspirin for 
secondary cardiovascular prevention—cardiovascular risks after its 
perioperative withdrawal versus bleeding risks with its continua-
tion—review and meta-analysis .  J Intern Med   2005 ; 257 : 399 – 414 .  

  29        Oscarsson   A   ,    Gupta   A   ,    Fredrikson   M     et al   .  To continue or discon-
tinue aspirin in the perioperative period: a randomized, controlled 
clinical trial .  Br J Anaesth   2010 ; 104 : 305 – 12 .  

  30        Devereaux   PJ   ,    Mrkobrada   M   ,    Sessler   DI     et al   .  POISE-2 
Investigators. Aspirin in patients undergoing noncardiac surgery .  N 
Engl J Med   2014 ; 370 : 1494 – 503 .  

  31        Fleisher   LA   ,    Fleischmann   KE   ,    Auerbach   AD     et al   .  2014   ACC/
AHA Guideline on Perioperative Cardiovascular Evaluation and 
Management of Patients Undergoing Noncardiac Surgery: A Report 
of the American College of Cardiology/American Heart Association 
Task Force on Practice Guidelines .  Circulation   2014 ; 130 : e278 – 333 .  

  32        Epstein   AE   ,    Alexander   JC   ,    Gutterman   DD   ,    Maisel   W   ,    Wharton   JM   . 
 Anticoagulation: American College of Chest Physicians guidelines 
for the prevention and management of postoperative atrial fibrilla-
tion after cardiac surgery .  Chest   2005 ;  128 : 24S – 7S .  

  33        Douketis   JD   ,    Spyropoulos   AC   ,    Kunz   R   .  Perioperative Management 
of Antithrombotic Therapy. Antithrombotic Therapy and 
Prevention of Thrombosis, 9th ed: American College of Chest 
Physicians Evidence-Based Clinical Practice Guidelines .  Chest  
 2012 ; 141 ( Suppl 2 ): e326S – 50S .  

  34        Pisters   R   ,    Lane   DA   ,    Nieuwlaat   R     et al   .  A novel user-friendly score 
(HAS-BLED) to assess 1-year risk of major bleeding in patients 
with atrial fibrillation: the Euro Heart Survey .  Chest   2010 ; 138 : 1093 –
 100 .  

  35        Mehta   SR   ,    Yusuf   S   ,  Clopidogrel in Unstable angina to prevent 
Recurrent Events (CURE) Study Investigators. The Clopidogrel in 
Unstable angina to prevent Recurrent Events (CURE) trial pro-
gramme; rationale, design and baseline characteristics including a 
meta-analysis of the effects of thienopyridines in vascular disease . 
 Eur Heart J   2000 ; 21 : 2033 – 41 .  

  36        Lieb   K   ,    Selim   MH   .  Pre-operative evaluation of patients with neuro-
logical disease .  Semin Neurol   2008 ; 28 ; 603 – 10 .  

  37        Jaffer   AK.     Perioperative management of warfarin and antiplatelet 
therapy .  Cleve Clin J Med   2009 ; 76 : S37 – 44 .  

  38        Dunn   AS   ,    Turpie   AG   .  Perioperative management of patients 
receiving oral anticoagulants: a systematic review .  Arch Intern Med  
 2003 ; 163 : 901 – 8 .  

  39        Kearon   C   ,    Hirsh   J   .  Management of anticoagulation before and after 
elective surgery .  N Engl J Med   1997 : 336 : 1506 – 11 .  

  40        Siegal   D   ,    Yudin   J   ,    Kaatz   S     et al   .  Periprocedural heparin bridging 
in patients receiving vitamin K antagonists: systematic review and 
meta-analysis of bleeding and thromboembolic rates .  Circulation  
 2012 ; 126 : 1630 – 9 .  

  41        Douketis   JD   ,    Healey   JS   ,    Brueckmann   M     et al   .  Perioperative 
bridging anticoagulation during dabigatran or warfarin interrup-
tion among patients who had an elective surgery or procedure: 
substudy of the RE-LY trial .  Thromb Haemost   2015 ; 113 : 625 – 32 .  

  42        Steinberg   BA   ,    Peterson   ED   ,    Kim   S     et al   .  Use and outcomes associ-
ated with bridging during anticoagulation interruptions in patients 
with atrial fibrillation: findings from the Outcomes Registry for 
Better Informed Treatment of Atrial Fibrillation (ORBIT-AF) . 
 Circulation   2015 ; 131 : 488 – 94 .  

  43        Douketis   JD   ,    Spyropoulos   AC   ,    Kaatz   S     et al   .  Perioperative bridging 
anticoagulation in patients with atrial fibrillation. The Bridge Trial . 
 N Engl J Med   2015 ; 373 : 823 – 33 .  

  44      PERIOP 2 - A Safety and Effectiveness Study of LMWH Bridging 
Therapy Versus Placebo Bridging Therapy for Patients on Long 
Term Warfarin and Require Temporary Interruption of Their 
Warfarin .   https://clinicaltrials.gov/ct2/show/NCT00432796   
[ Accessed 14 July 2016 ].  

  45        LaiA   DavidsonN   ,    Galloway   SW   ,    Thachi   J   .  Perioperative man-
agement of patients on new oral anticoagulants .  Br J Surg  
 2014 ; 101 : 742 – 9 .  

  46        Heidbuchel   H   ,    Verhamme   P   ,    Alings   M     et al .  EHRA practical guide 
on the use of new oral anticoagulants in patients with non-valvular 
atrial fibrillation: executive summary .  Eur Heart J   2013 ; 34 : 2094 – 106 .  

  47        Momjian-Mayor   I   ,    Barron   J-C   .  The pathophysiology of watershed 
infarcts. Stroke   2005 ; 36 : 567 – 77 .  

  48        Lahtinen   J   ,    Biancari   F   ,    Salmela   E     et al   .  Postoperative atrial fibril-
lation is a major cause of stroke after on-pump coronary artery 
bypass .  Ann Thorac Surg   2004 : 77 : 1241 – 4 .  

  49        Gialdini   G   ,    Nearing   K   ,    Bhave   PD   .  Perioperative atrial fibrillation 
and the long-term risk of ischemic stroke .  JAMA   2014 ; 312 : 616 – 22 .  

  50       National Institute for Health and Care Excellence  .  Atrial fibrillation: 
management .  NICE clinical guideline No 180 .  London :  NICE ,  2014 .    

Address for correspondence: Dr Z Mehdi, Department of 
Ageing & Health, St Thomas’ Hospital, London SE1 7EH, UK. 
Email:  zehra_mehdi@hotmail.com 

CMJv16n6-Mehdi.indd   540CMJv16n6-Mehdi.indd   540 16/11/16   7:11 AM16/11/16   7:11 AM


