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The complex interplay between the intrinsic risk
of surgery and the patient risk of peri-operative

cardiovascular complications
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2022 ESC Guidelines on cardiovascular assessment and management of patients undergoing non-cardiac surgery
(European Heart Journal; 2022 – doi:10.1093/eurheartj/ehac270)

Low surgical risk
(<1%)

Intermediate surgical risk
(1–5%)

High surgical risk
(>5%)

• Breast
• Dental
• Endocrine: thyroid
• Eye
• Gynaecological: minor
• Orthopaedic minor 

(meniscectomy)
• Reconstructive
• Superficial surgery
• Urological minor: (transurethral 

resection of the prostate)
• VATS minor lung resection

• Carotid asymptomatic (CEA or 
CAS)

• Carotid symptomatic (CEA)
• Endovascular aortic aneurysm 

repair
• Head or neck surgery
• Intraperitoneal: splenectomy, 

hiatal hernia repair, 
cholecystectomy

• Intrathoracic: non-major
• Neurological or orthopaedic: 

major (hip and spine surgery)
• Peripheral arterial angioplasty
• Renal transplants
• Urological or gynaecological: 

major

• Adrenal resection
• Aortic and major vascular surgery
• Carotid symptomatic (CAS)
• Duodenal-pancreatic surgery
• Liver resection, bile duct surgery
• Oesophagectomy
• Open lower limb revascularization 

for acute limb ischaemia or 
amputation

• Pneumonectomy (VATS or open 
surgery)

• Pulmonary or liver transplant
• Repair of perforated bowel
• Total cystectomy

Surgical risk estimate according to type of surgery or intervention



Management of patients taking antithrombotic agents and needing an 
invasive procedure should consider patient- and procedure-related risk 

of bleeding and thrombosis



Bleeding risk associated with different types of interventions

2022 ESC Guidelines on cardiovascular assessment and management of patients undergoing non-cardiac surgery



J Am Coll Cardiol 2021;78:1550–1563

Ischemic risk associated with clinical and procedural factors



The pharmacokinetic and pharmacodynamic characteristics of antiplatelet drugs

2022 ESC Guidelines on cardiovascular assessment and management of patients undergoing non-cardiac surgery



The pharmacokinetic and pharmacodynamic characteristics of anticoagulants

2022 ESC Guidelines on cardiovascular assessment and management of patients undergoing non-cardiac surgery



 Time from PCI to surgery, with the highest risk in the first month

Primary PCI for ST-segment elevation myocardial infarction (STEMI)

Dual antiplatelet therapy (DAPT) interruptions/discontinuation

 Lesion characteristics, including ostial and distal lesions

Urgency of surgery

Risk factors for MACE after non cardiac surgery (NCS)

JAMA Surg 2016;151:462
Catheter Cardiovasc Interv 2017;89:617–627



 If the bleeding risk outweighs the potential CV benefit, aspirin should be discontinued for at least 7
days (e.g. undergoing spinal surgery or certain neurosurgical or ophthalmological operations)

Aspirin in Patients Undergoing Noncardiac Surgery

Aspirin before surgery and throughout the early postsurgical period has no
significant effect on the rate of a composite of death or nonfatal myocardial
infarction but increased the risk of major bleeding (POISE 2 trial)

Among patients with previous PCI, in the absence
of a very high bleeding risk, low-dose aspirin
should be continued during the peri-operative
period. (POISE 2 Trial post hoc analysis)

N Engl J Med 2014;370: 1494–1503
Ann Intern Med 2018;168:237–244



Elective Noncardiac Surgery on DAPT

 The frequency of NCS after PCI for 30 days, 6 months, and 1 year is 1%, 5%, and 
9%, respectively.

 MACE (including cardiac death, MI, and stent thrombosis) range between 2–8% in 
PCI patients undergoing NCS, with a more than two-fold increased risk compared 
with non-stented patients

JACC Cardiovasc Interv 2010;3: 920–927
Circ Cardiovasc Qual Outcomes 2016;9:39–47

J Am Coll Cardiol 2016;68:2622–2632



Management of perioperative DAPT

Risk of stent thrombosis (ST) with premature DAPT interruption

 Intra-procedural bleeding (DAPT continuation)

Kristensen SD et al. Eur Heart J 2014;35:2383–2431



Interdisciplinary approach

The management of antiplatelet therapy in patients who have undergone recent PCI and are
scheduled for NCS should be discussed by the surgeon and cardiologist:
The risk of life-threatening surgical bleeding on antiplatelet therapy (best understood by the
surgeon)
The risk of life-threatening stent thrombosis due to premature DAPT discontinuation (best
understood by the cardiologist)



Stent Thrombosis and DAPT Interruption With Everolimus-Eluting Stents 
pooled analysis of 11 219 patient from 3 randomized trials and 4 registries

Généreux P, et al. Circ Cardiovasc Interv. 2015 May;8(5):e001362.



MASTER-DAPT
(One month DAPT vs. continuation for at least 2

additional months)
36.5 % NST-ACS, 12% STEMI

STOPDAPT-2
(One-month vs. 12-month DAPT)
19.5 % NST-ACS, 18.6% STEMI

Short vs longer DAPT duration



Patients on DAPT 
undergoing surgery

2022 ESC Guidelines on cardiovascular assessment and management of patients undergoing non-cardiac surgery



2022 ESC Guidelines on cardiovascular assessment and management of patients undergoing non-cardiac surgery

P2Y12 inhibitor interruption after
percutaneous coronary intervention before
elective non-cardiac surgery



J Am Coll Cardiol 2021;78:1550–1563

Bridging strategies

 For patients undergoing surgery, the
established cangrelor dosing regimen is
associated with less severe bleeding than
glycoprotein IIb/IIIa inhibitors.

 Bridging with i.v. compounds
(eptifibatide/tirofiban or cangrelor) might be
applicable when DAPT cannot be interrupted
(e.g. in patients with very high risk of stent
thrombosis, history of recurrent MI, recent
PCI)



Elective Non-Cardiac Surgery on Anticoagulation therapy

 One in four patients taking anticoagulant therapy will require a surgical or invasive
procedure within 2 years.

 Peri-operative management of oral anticoagulant (OAC) therapy depends on surgery
and patient related factors and the specific OAC agent (vitamin K antagonist or
NOAC)

Surgery-related factors include urgency of the intervention and the procedure-related bleeding risk
Patient-related factors include age, individual thrombotic risk, history of bleeding complications, renal

function, concomitant medication, comorbidity, etc.



Patients with mechanical heart valves
to bridge or not to bridge…

 Major surgical procedures needing INR ≤1.5 require VKA interruption, and heparin bridging should be considered

BMJ 2021;373:n1205 

PERIOP2 trial



J Thromb Haemost 2014;12:650–659

Patients with mechanical heart valves
LMWH or UFH…

Anti-factor Xa activity monitoring
with target levels from 0.5–1.0 U/mL
may be useful when the dosage may
be difficult to determine



Vitamin K antagonists for atrial fibrillation / 
venous thromboembolism

 If low bleeding, risk surgery can be performed without VKA 
interruption

 If interruption is necessary due to high bleeding risk, the BRIDGE 
trial in AF patients showed that 3–5 days of warfarin interruption 
without bridging was superior to heparin bridging.

N Engl J Med 2015;373:823–833

 Bridging therapy may be considered for patients with a high
thrombotic risk (i.e. AF with CHA2DS2-VASc score >6, recent
cardioembolic stroke <3 months, or high risk of VTE recurrence)
weighing the risk of bleeding against the risk of
thromboembolism



Restarting vitamin K antagonists after surgery

 Patients who have interrupted VKA treatment before 
surgery should restart the OAC 12–24 h after the invasive 
procedure.
restarting dose should be the maintenance dose plus a 

boosting dose of 50% for 2 days

 Patients managed with bridging therapy should start LMWH
or UFH together with VKA 24 h after surgery, if the bleeding
is well controlled and maintained, until the INR has reached
the therapeutic range

2022 ESC Guidelines on cardiovascular assessment and management of patients undergoing non-
cardiac surgery



Management of oral anticoagulation therapy in patients undergoing surgery

2022 ESC Guidelines on cardiovascular assessment and management of patients undergoing non-cardiac surgery



Peri-operative management of NOAC according to the periprocedural risk of bleeding in 
patients with normal renal function

2022 ESC Guidelines on cardiovascular assessment and management of patients undergoing non-cardiac surgery



Timing of last NOAC dose before elective NCS
according to renal function

2022 ESC Guidelines on cardiovascular assessment and management of patients undergoing non-cardiac surgery



Suggested strategy for potential 
reversal of NOAC effect

• Idarucizumab (for dabigatran) has only been
tested in patients undergoing urgent
surgery.

• Andexanet (for FXa inhibitors) has not been
tested in patients requiring urgent surgery.

• Andexanet binds all FXa inhibitors (including
UFH) nonspecifically.

• When specific reversal agents are
unavailable, prothrombin complex
concentrate (PCC) should be considered,
although there is a lack of evidence



 Complex clinical decision, Interdisciplinary consensus

 Rapidly changing field involving newer drugs and drug-device interactions

 Need for more evidence regarding the need for bridging of anticoagulation in patients
with MHVs

 Lack of evidence regarding the optimal strategies before emergent or time-sensitive
NCS for patients on antithrombotic treatment at high risk of thromboembolic events

 Insufficient evidence regarding the need for and benefit of anticoagulation in NCS
patients with post- operative AF is still lacking

Conclusions/Gaps in evidence 
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