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Magnitud del Problema 

• 22.000.000 cirugías mayores/año en Europa (población 448.000.000)1

• 85% cirugía no cardiaca

• ≥ 45 años sometidos a cirugía no cardiaca en EEUU1

• 50%: FRCV

• 18%: cardiopatía isquémica

• 4,7%: ictus

4

LMWH, low molecular weight heparin; NCS, 
non-cardiac surgery; NOAC, non-vitamin

K oral anticoagulant.
a Class of recommendation.

b Level of evidence.
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interest that arose during the writing period were notified to the
ESC and updated. The Task Force received its entire financial sup-
port from the ESC without any involvement from the healthcare
industry.
The ESC CPG Committee supervises and coordinates the prepar-

ation of new guidelines. The Committee is also responsible for the
approval process of these guidelines. The ESC Guidelines undergo
extensive review by the CPG Committee and external experts, in-
cluding a mix of members from across the whole of the ESC region
and from relevant ESC Subspecialty Communities and National
Cardiac Societies. After appropriate revisions, the guidelines are
signed-off by all the experts involved in the Task Force. The finalized
document is signed-off by the CPG Committee for publication in the
European Heart Journal. The guidelines are developed after careful
consideration of the scientific and medical knowledge and the evi-
dence available at the time of their writing.
The task of developing the ESC Guidelines also includes creating

educational tools and implementating programmes for the recom-
mendations, including condensed pocket guidelines versions, sum-
mary slides, summary cards for non-specialists, and an electronic
version for digital applications (smartphones, etc.). These versions
are abridged and thus, for more detailed information, the user should
always access the full text version of the guidelines, which is
freely available via the ESC website and the European Heart Journal.
The National Cardiac Societies of the ESC are encouraged to
endorse, adopt, translate, and implement all ESC Guidelines.
Implementation programmes are needed because it has been shown
that the outcome of disease may be favourably influenced by the
thorough application of clinical recommendations.
Health professionals are encouraged to take the ESC Guidelines

fully into account when exercising their clinical judgment, and in de-
termining and implementing preventive, diagnostic, or therapeutic
medical strategies. However, the ESC Guidelines do not override,
in any way whatsoever, the individual responsibility of health profes-
sionals to make appropriate and accurate decisions in considering
each patient’s health condition and in consulting with that patient
or the patient’s caregiver where appropriate and/or necessary. It is
also the health professional’s responsibility to verify the rules and
regulations applicable in each country to drugs and devices at the
time of prescription and, where appropriate, to respect the ethical
rules of their profession.
Off-label use of medication may be presented in these guidelines

if a sufficient level of evidence shows that it can be considered med-
ically appropriate to a given condition and if patients could benefit
from the recommended therapy. However, the final decisions con-
cerning an individual patient must be made by the responsible health
professional, giving special consideration to:

(a) the specific situation of the patient. In this respect, it is specified
that, unless otherwise provided for by national regulations, off-
label use of medication should be limited to situations where it
is in the patient’s interest to do so, with regard to the quality,
safety, and efficacy of care, and only after the patient has been
informed and provided consent;

(b) and country-specific health regulations, indications by govern-
mental drug regulatory agencies, and the ethical rules to which
health professionals are subject, where applicable.

2. Introduction
2.1. What is new

Table 3 New concepts and sections in the current
guidelines

A new flowchart for general assessment of patients before NCS.

A new section on pre-operative assessment of patients with newly
detected murmurs, dyspnoea, oedema, or angina.

A new section on the patient perspective.

A new section on assessment of frailty.

A revised and expanded focus on use of biomarkers in NCS

A revised and expanded section on peri-operative management of
antiplatelet therapy.

A revised and expanded section on peri-operative management of
oral anticoagulants.

A new section on peri-operative thromboprophylaxis.

A dedicated section on patient blood management.

A new section on management of cardiovascular risk in patients with
cancer undergoing NCS.

A small section on NCS in patients with recent COVID-19.

A new section on diagnosis and management of post-operative
complications during NCS. ©

ES
C
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22

COVID-19, coronavirus 2019; NCS, non-cardiac surgery

Table 4 What is new
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Table 4A New recommendations

Recommendation Class

Clinical risk evaluation—Section 3

Patients scheduled for NCS

In all patients scheduled for NCS, an accurate history, and
clinical examination are recommended.

I

It is recommended to perform a pre-operative risk assessment,
ideally at the same time as the NCS is proposed.

I

If time allows, it is recommended to optimize
guideline-recommended treatment of CVD and CV risk factors
before NCS.

I

Endovascular or video-assisted procedures should be
considered for patients with high CV risk undergoing vascular
or pulmonary surgery.

IIa

Patients aged,65 years without signs, symptoms, or history
of CVD

In patients with a family history of genetic cardiomyopathy, it is
recommended to perform an ECG and TTE before NCS,
regardless of age and symptoms.

I

In patients aged 45–65 years without signs, symptoms, or
history of CVD, ECG and biomarkers should be considered
before high-risk NCS.

IIa

Continued
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Table 4B Revised recommendations

Recommendations in 2014 version Class Recommendations in 2022 version Class

Preoperative assessment tools—Section 4

Electrocardiography and biomarkers

Pre-operative ECG is recommended for patients who have risk
factor(s) and are scheduled for intermediate- or high-risk surgery. I

In patients who have known CVD or CV risk factors (including age
≥65 years), or symptoms or signs suggestive of CVD it is
recommended to obtain a pre-operative 12-lead ECG before
intermediate- or high-risk NCS.

I

Assessment of cardiac troponins in high-risk patients, both before
and 48–72 h after major surgery, may be considered. IIb

In patients who have known CVD, CV risk factors (including age
≥65 years), or symptoms suggestive of CVD, it is recommended to
measure hs-cTn T or hs-cTn I before intermediate- and high-risk
NCS, and at 24 h and 48 h afterwards.

I

NT-proBNP and BNP measurements may be considered for
obtaining independent prognostic information for peri- operative
and late cardiac events in high-risk patients.

IIb

In patients who have known CVD, CV risk factors (including age
≥65 years), or symptoms suggestive of CVD, it should be
considered to measure BNP or NT-proBNP before intermediate-
and high-risk NCS.

IIa

Universal pre-operative routine biomarker sampling for risk
stratification and to prevent cardiac events is not recommended. III

In low-risk patients undergoing low- and intermediate-risk NCS, it
is not recommended to routinely obtain pre-operative ECG,
hs-cTn T/I, or BNP/NT-proBNP concentrations.

III

Coronary angiography

Pre-operative ICA is not recommended in cardiac-stable patients
undergoing low-risk surgery.

III Routine pre-operative ICA is not recommended in stable CCS
patients undergoing low- or intermediate-risk NCS.

III

General risk-reduction strategies—Section 5

Pharmacological treatment

Transient discontinuation of ACEIs or ARBs before NCS in
hypertensive patients should be considered.

IIa In patients without HF, withholding RAAS inhibitors on the day of
NCS should be considered to prevent peri-operative hypotension.

IIa

Antiplatelets

Consideration should be given to performing non-urgent NCS in
patients who have had recent DES implantation no sooner than 12
months following the intervention. This delay may be reduced to 6
months for the new-generation DES.

IIa

It is recommended to delay elective NCS until 6 months after
elective PCI and 12 months after an ACS. I

It is recommended that aspirin be continued for 4 weeks after BMS
implantation and for 3–12 months after DES implantation, unless
the risk of life-threatening surgical bleeding on aspirin is
unacceptably high.

I

After elective PCI, it is recommended to delay time-sensitive NCS
until a minimum of 1 month of DAPT treatment has been given. I

Continuation of aspirin, in patients previously thus treated, may be
considered in the peri-operative period, and should be based on an
individual decision that depends on the peri- operative bleeding
risk, weighed against the risk of thrombotic complications.

IIb

In patients with a previous PCI, it is recommended to continue
aspirin peri-operatively if the bleeding risk allows. I

Discontinuation of aspirin therapy, in patients previously treated
with it, should be considered in those in whom haemostasis is
anticipated to be difficult to control during surgery.

IIa
In patients without a history of PCI, interruption of aspirin at least 3
days before NCS may be considered if the bleeding risk outweighs
the ischaemic risk, to reduce the risk of bleeding.

IIb

In patients treated with P2Y12 inhibitors, who need to undergo
surgery, postponing surgery for at least 5 days after cessation of
ticagrelor and clopidogrel—and for 7 days in the case of prasugrel
—if clinically feasible, should be considered unless the patient is at
high risk of an ischaemic event.

IIa

If interruption of P2Y12 inhibitor is indicated, it is recommended to
withhold ticagrelor for 3–5 days, clopidogrel for 5 days, and
prasugrel for 7 days prior to NCS. I

Specific diseases—Section 6

Coronary artery disease

If PCI is indicated before semi-urgent surgery, the use of
new-generation DES, BMS or even balloon angioplasty is
recommended.

I
If PCI is indicated before NCS, the use of new-generation DES is
recommended over BMS and balloon angioplasty. I

Continued
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industry.
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mendations, including condensed pocket guidelines versions, sum-
mary slides, summary cards for non-specialists, and an electronic
version for digital applications (smartphones, etc.). These versions
are abridged and thus, for more detailed information, the user should
always access the full text version of the guidelines, which is
freely available via the ESC website and the European Heart Journal.
The National Cardiac Societies of the ESC are encouraged to
endorse, adopt, translate, and implement all ESC Guidelines.
Implementation programmes are needed because it has been shown
that the outcome of disease may be favourably influenced by the
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Health professionals are encouraged to take the ESC Guidelines
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medical strategies. However, the ESC Guidelines do not override,
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sionals to make appropriate and accurate decisions in considering
each patient’s health condition and in consulting with that patient
or the patient’s caregiver where appropriate and/or necessary. It is
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regulations applicable in each country to drugs and devices at the
time of prescription and, where appropriate, to respect the ethical
rules of their profession.
Off-label use of medication may be presented in these guidelines

if a sufficient level of evidence shows that it can be considered med-
ically appropriate to a given condition and if patients could benefit
from the recommended therapy. However, the final decisions con-
cerning an individual patient must be made by the responsible health
professional, giving special consideration to:

(a) the specific situation of the patient. In this respect, it is specified
that, unless otherwise provided for by national regulations, off-
label use of medication should be limited to situations where it
is in the patient’s interest to do so, with regard to the quality,
safety, and efficacy of care, and only after the patient has been
informed and provided consent;

(b) and country-specific health regulations, indications by govern-
mental drug regulatory agencies, and the ethical rules to which
health professionals are subject, where applicable.

2. Introduction
2.1. What is new

Table 3 New concepts and sections in the current
guidelines

A new flowchart for general assessment of patients before NCS.

A new section on pre-operative assessment of patients with newly
detected murmurs, dyspnoea, oedema, or angina.

A new section on the patient perspective.

A new section on assessment of frailty.

A revised and expanded focus on use of biomarkers in NCS

A revised and expanded section on peri-operative management of
antiplatelet therapy.

A revised and expanded section on peri-operative management of
oral anticoagulants.

A new section on peri-operative thromboprophylaxis.

A dedicated section on patient blood management.

A new section on management of cardiovascular risk in patients with
cancer undergoing NCS.

A small section on NCS in patients with recent COVID-19.
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Table 4A New recommendations

Recommendation Class

Clinical risk evaluation—Section 3

Patients scheduled for NCS

In all patients scheduled for NCS, an accurate history, and
clinical examination are recommended.

I

It is recommended to perform a pre-operative risk assessment,
ideally at the same time as the NCS is proposed.

I

If time allows, it is recommended to optimize
guideline-recommended treatment of CVD and CV risk factors
before NCS.

I

Endovascular or video-assisted procedures should be
considered for patients with high CV risk undergoing vascular
or pulmonary surgery.

IIa

Patients aged,65 years without signs, symptoms, or history
of CVD

In patients with a family history of genetic cardiomyopathy, it is
recommended to perform an ECG and TTE before NCS,
regardless of age and symptoms.

I

In patients aged 45–65 years without signs, symptoms, or
history of CVD, ECG and biomarkers should be considered
before high-risk NCS.

IIa
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Pre-operative assessment in patients with a newly detected
murmur, chest pain, dyspnoea, or peripheral oedema

In patients with a newly detected murmur and symptoms or
signs of CVD, TTE is recommended before NCS.

I

In patients with a newly detected murmur suggesting clinically
significant pathology, TTE is recommended before high-risk
NCS.

I

In patients with a newly detected murmur, but without other
signs or symptoms of CVD, TTE should be considered before
moderate and high-risk NCS.

IIa

If a patient scheduled for elective NCS has chest pain or other
symptoms suggestive of undetected CAD, further diagnostic
work-up before NCS is recommended.

I

If a patient in need of acute NCS also has chest pain or other
symptoms suggestive of undetected CAD, a multidisciplinary
assessment approach is recommended to choose the
treatment with lowest total risk for the patient.

I

In patients with dyspnoea and/or peripheral oedema, an ECG
and an NT-proBNP/BNP test is indicated before NCS, unless
there is a certain non-cardiac explanation.

I

In patients with dyspnoea and/or peripheral oedema and
elevated NT-proBNP/BNP, TTE is recommended before NCS.

I

Patient information

It is recommended to give patients individualized instructions
for pre-operative and post-operative changes in medication, in
verbal and written formats with clear and concise directions.

I

It should be considered to set up a structured information list
(e.g. a checklist to help with common issues) for patients with
CVD or at high risk of CV complications scheduled for NCS.

IIa

Pre-operative assessment tools—Section 4

Frailty and functional capacity

In patients aged ≥70 years, being scheduled to undergo
intermediate- or high-risk NCS, frailty screening should be
considered using a validated screening tool.

IIa

Adjusting risk assessments according to self-reported ability to
climb two flights of stairs should be considered in patients
referred for intermediate- or high-risk NCS.

IIa

Transthoracic echocardiography

TTE is recommended in patients with poor functional capacity
and/or highNT-proBNP/BNP, or if murmurs are detected before
high-risk NCS, in order to undertake risk-reduction strategies.

I

TTE should be considered in patients with suspected newCVD
or unexplained signs or symptoms before high-risk NCS.

IIa

TTE may be considered in patients with poor functional
capacity, abnormal ECG, high NT-proBNP/BNP, or ≥1 clinical
risk factor before intermediate-risk NCS.

IIb

To avoid delaying surgery, a FOCUS exam performed by
trained specialists may be considered as an alternative to TTE
for pre-operative triage.

IIb

Stress imaging

Stress imaging should be considered before high-risk NCS in
asymptomatic patients with poor functional capacity, and
previous PCI or CABG.

IIa

Continued

Coronary angiography

CCTA should be considered to rule out CAD in patients with
suspected CCS or biomarker-negative NSTE-ACS in case of
low-to-intermediate clinical likelihood of CAD, or in patients
unsuitable for non-invasive functional testing undergoing
non-urgent, intermediate-, and high-risk NCS.

IIa

General risk-reduction strategies—Section 5

Cardiovascular risk factors and lifestyle interventions

Smoking cessation.4 weeks before NCS is recommended to
reduce post-operative complications and mortality.

I

Control of CV risk factors—including blood pressure,
dyslipidaemia, and diabetes—is recommended before NCS.

I

Pharmacological treatment

For patients on diuretics to treat hypertension, transient
discontinuation of diuretics on the day of NCS should be
considered.

IIa

It should be considered to interrupt SGLT-2 inhibitor therapy
for at least 3 days before intermediate- or high-risk NCS.

IIa

Antiplatelets

For patients undergoing high bleeding risk surgery (e.g.
intracranial, spinal neurosurgery, or vitreoretinal eye surgery),
it is recommended to interrupt aspirin for at least 7 days
pre-operatively.

I

In high-risk patients with a recent PCI (e.g. STEMI patients or
high-risk NSTE-ACS patients), a DAPT duration of at least 3
months should be considered before time-sensitive NCS.

IIa

Anticoagulants

When an urgent surgical intervention is required, it is
recommended that NOAC therapy is immediately interrupted.

I

In non-minor bleeding risk procedures in patients using a
NOAC, it is recommended to use an interruption regimen
based on the NOAC compound, renal function, and bleeding
risk.

I

In minor bleeding risk surgery and other procedures where
bleeding can easily be controlled, it is recommended to
perform surgery without interruption of OAC therapy.

I

In patients using NOACs, it is recommended that minor
bleeding risk procedures are performed at trough levels
(typically 12–24 h after last intake).

I

LMWH is recommended, as an alternative to UFH, for bridging
in patients with MHVs and high surgical risk.

I

For patients with mechanical prosthetic heart valves
undergoing NCS, bridging with UFH or LMWH should be
considered if OAC interruption is needed and patients have: (i)
mechanical AVR and any thromboembolic risk factor; (ii)
old-generation mechanical AVR; or (iii) mechanical mitral or
tricuspid valve replacement.

IIa

Idarucizumab should be considered in patients on dabigatran and
requiring urgent surgical intervention with intermediate to high
bleeding risk.

IIa

For interventions with a very high risk of bleeding, such as spinal
or epidural anaesthesia, interruption of NOACs for up to five
half-lives and re-initiation after 24 h should be considered.

IIa

Continued
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Estrategias de Reducción del Riesgo
FRCV y Fármacos

5. General risk-reduction
strategies
5.1. Cardiovascular risk factors and
lifestyle interventions
Control of CV risk factors—including BP, dyslipidaemia, and diabetes
—is important before NCS. For pre-operative management of BP
and diabetes, see Sections 6.8 and 6.13, respectively.
While lifestyle modifications before intervention reduce the risk of

several peri-operative complications, the impact on CV complica-
tions has not been adequately explored. Of the lifestyle changes re-
commended before surgery, smoking cessation is the best
documented in RCTs. Smoking has been associated with a higher
rate of post-operative complications at 30 days.173,174 Reviews of
RCTs have shown an effect of smoking cessation up to 6 months
post-operatively, with a clear reduction in any post-operative com-
plications by hazard ratio (HR) 0.42 (95% CI, 0.27–0.65), particularly
wound infections (HR, 0.43; 95% CI, 0.21–0.85).173,175 Regarding
timing of cessation, reviews of observational studies have shown con-
sistent associations with better surgical outcome for cessation .4
weeks before surgery, with each additional week resulting in a fur-
ther improvement of 19%.176–178

Pre-operative exercise programmes have only been tested in small
RCTs, and recent reviews have shown a relative risk (RR) reduction
in post-operative complications of 67% (RR, 0.33; 95% CI, 0.17–
0.61).179 Referral to a pre-operative exercise programme may be
considered for patients scheduled for major or complex elective sur-
gery.176,179,180Weight reduction of obese patients immediately prior
to surgery is not recommended.

5.2. Pharmacological
5.2.1. Beta-blockers
Beta-blockers reduce myocardial oxygen consumption by reducing
contractile force and heart rate. Beta-blockers are also effective anti-
arrhythmic agents. In addition, some beta-blockers such as metopro-
lol have an effect on acute inflammatory responses by inhibiting
neutrophil hyperactivation in acute settings.184 These properties
mean that beta-blockers have been some of the most frequently
tested cardioprotective agents in patients undergoing NCS. Several
RCTs have evaluated the effects of peri-operative beta-blockade
on clinical end-points in patients with different risk profiles (see
Supplementary data, Section 3.1.1.). Type, dosing and titration, timing
of initiation, duration of beta-blocker therapy, type of surgery, and
risk profile of subjects significantly differ between studies, making
comparisons complex.

The question about pre-surgery initiation of beta-blockers has been
a matter of intense controversy (see Supplementary data, Section
3.1.1.1). The largest and latest trial on the topic, the Perioperative
Ischemic Evaluation (POISE-1) trial, enrolled 8351 patients with or
at risk of atherosclerotic disease, and not on beta-blockers before
NCS. Patients were randomized to extended-release metoprolol suc-
cinate 200 mg daily or placebo 185 Treatment was initiated 2–4 h
before surgery and maintained for 30 days. The primary outcome
(composite of CV death, non-fatal MI, and non-fatal cardiac arrest)
was significantly lower in the metoprolol arm (5.8% vs. 6.9% [P=
0.04]). Metoprolol was associated with significant reductions in MIs,
coronary revascularizations, and AF. However, the incidences of all-
cause death, stroke, and clinically significant hypotension or bradycar-
dia were significantly higher in the metoprolol arm. Post hoc analysis
showed that hypotension carried the greatest attributable risk of
death and stroke 186 The high dose of extended metoprolol might
have played a role in the adverse events seen at follow-up.

Several meta-analyses, systematic reviews, and observational stud-
ies have also been reported (see Supplementary data, Table S4).187–
189 Overall, initiation of beta-blockers before NCS was not asso-
ciated with a net clinical benefit in most analyses, but they might
be beneficial in patients with high CV risk profiles or who are under-
going high-risk surgical interventions (including vascular interven-
tions).188,190–192 When oral beta-blockade is initiated in CAD
patients who undergo NCS, the use of atenolol or bisoprolol as a
first choice may be considered.190,193–195

In patients who are on chronic beta-blocker therapy before
surgery, it is recommended to maintain these in the peri-operative
period. Increased mortality following pre-operative beta-blocker
withdrawal has been reported in five observational studies.190,196–199

Interruption of this therapy for .2 days post-operatively may double
the risk of AF.200

Post-operative tachycardia should initially lead to treatment of the
underlying cause— such as hypovolaemia, pain, blood loss, or infec-
tion—rather than simply increasing the beta-blocker dose. When
beta-blockers are indicated, the optimal duration of the peri-
operative beta-blockade cannot be derived from randomized trials.

According to a meta-analysis of RCTs including 14 967 patients,
beta-blockers can reduce the risk of post-operative AF after
NCS;201 however, this comes at the cost of an increased risk of
bradycardia, hypotension, and stroke.187

Recommendation Table 11— Recommendations for
lifestyle and cardiovascular risk factors

Recommendations Classa Levelb

Smoking cessation .4 weeks before NCS is
recommended to reduce post-operative
complications and mortality.181,182

I B

Control of CV risk factors—including blood
pressure, dyslipidaemia, and diabetes—is
recommended before NCS.173,176–178,183

I B

©
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CV, cardiovascular; NCS, non-cardiac surgery.
aClass of recommendation.
bLevel of evidence.

Pre-operative ICA may be considered in stable
CCS patients undergoing elective surgical CEA.172

IIb B

Routine pre-operative ICA is not recommended
in stable CCS patients undergoing low- or
intermediate-risk NCS.

III C

©
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C
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22

CAD, coronary artery disease; CCS, chronic coronary syndrome; CCTA, coronary
computed tomography angiography; CEA, carotid endarterectomy; ICA, invasive
coronary angiography; NCS, non-cardiac surgery; NSTE-ACS, non-ST-segment
elevation acute coronary syndrome.
aClass of recommendation.
bLevel of evidence.
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5.3. Peri-operative handling of
antithrombotic agents
Management of patients taking antithrombotic agents and needing sur-
gery or an invasive procedure should consider patient- and
procedure-related risk of bleeding and thrombosis. Furthermore, the
pharmacokinetic and pharmacodynamic characteristics of the

antithrombotic drugs in use must be considered (Tables 7 and 8). The
risk of bleeding associated with different types of interventions is shown
in Table 9. Risk estimation and decision-making in patients requiring
long-term antithrombotic therapy is challenging, since relevant associa-
tions exist between peri-operative antithrombotic management, bleed-
ing, thrombotic events (MI and stroke), and mortality.6,11–13 Thus,
interdisciplinary risk assessment ahead of the intervention is cru-
cial, in order to classify the patient-related ischaemic and bleeding
risks (e.g. cardiologist, neurologist, vascular specialist, and haema-
tologist), and the surgical risk (surgeon and anaesthesiologist).
Information on timing of intervention by indicated duration of an-
tithrombotic therapy should be communicated with the patient
and treating general physician.

5.3.1. Antiplatelets
5.3.1.1. Single antiplatelet therapy
In patients taking aspirin for primary prevention, the risk of ischaemic
events is low and aspirin can be withdrawn prior to NCS. Permanent
discontinuation should be considered post-operatively in low- and
moderate-risk atherosclerotic cardiovascular disease (ASCVD) risk
patients and/or in patients with high bleeding risk based on
negative/neutral trials and the recommendations for primary preven-
tion of CVD in the 2021 ESC Guidelines on cardiovascular disease
prevention in clinical practice.40,241

Due to the better risk–benefit ratio, aspirin has an established role for
the long-term prevention of new cardiovascular events in patients with
establishedCVD.242 ThePOISE-2 trial is the largest, randomized, placebo-
controlled trial of peri-operative aspirin in patients undergoing NCS.243

Interruption

In patients without HF, withholding RAAS
inhibitors on the day of NCS should be considered
to prevent peri-operative hypotension.215,216

IIa B

For patients on diuretics to treat hypertension,
transient discontinuation of diuretics on the day of
NCS should be considered.236

IIa B

It should be considered to interrupt SGLT-2
inhibitor therapy for at least 3 days before
intermediate- and high-risk NCS.

IIa C
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b.p.m., beats per minute; CAD, coronary artery disease; HF, heart failure; NCS,
non-cardiac surgery; RAAS, renin–angiotensin–aldosterone system; RCRI, Revised
Cardiac Risk Index; SGLT-2, sodium-glucose co-transporter 2.
aClass of recommendation.
bLevel of evidence.
cIdeally at least 1 week before surgery, starting with a low dose with dose titration for
target heart rate.185,197,230,237 The target is a resting heart rate 60–70 b.p.m.191 with a
systolic blood pressure .100 mmHg.230,238
dIschaemic heart disease, cerebrovascular disease, renal insufficiency, or diabetes
mellitus, according to the RCRI score.239
eTreatment should ideally be initiated between 30 and (at least) 2 days before surgery,
starting at a low dose, and should be continued post-operatively.197,230,237

Table 7 Pharmacokinetic and pharmacodynamic characteristics of antiplatelets

ASA Clopidogrel Prasugrel Ticagrelor Cangrelor Eptifibatide Tirofiban

Target
(type of blockade)

COX-1
(irreversible)

P2Y12
(irreversible)

P2Y12
(irreversible)

P2Y12
(reversible)

P2Y12
(reversible)

GPIIB/IIIa
(reversible)

GPIIB/IIIa
(reversible)

Application Oral Oral Oral Oral i.v. i.v. i.v.

Time to Cmax 0.5–1.0 h 2 h
(after 600 mg LD)a

0.5 h
(after 60 mg

LD)a

0.5 h
(after 180 mg

LD)a

2 min 5 min 5 min

Prodrug No Yes Yes No No No No

Bioavailability (%) !50 !50 80 36 100 100 100

Drug interactions NSAIDs
(in particular
ibuprofen +
naproxen)

CYP3A4, CYP3A5,
or CYP2C19
inhibitors or
inducers

CYP3A4/A5
and CYP2B6
inhibitor

CYP3A4
inducers or
inhibitors

None None None

Plasma half-life 20 min 0.5–1 h (active
metabolite)

0.5–1 h (active
metabolite)

6–12 h 3–6 min 2.5–2.8 h 1.2–2 h

Duration of action
after last dose

7–10 days 3–10 daysb 7–10 daysb 3–5 days 1–2 h 4 h 8 h

Renal clearance of
the active
metabolite (%)

NR NR NR NR 58 !50 65

Dose regimen o.d. o.d. o.d. b.i.d. Bolus,
infusion

Bolus,
infusion

Bolus,
infusion ©
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ASA, acetylsalicylic acid; b.i.d., twice a day; Cmax, maximum serum concentration; i.v., intravenous; LD, loading dose; NR, non-relevant; o.d., once a day.
aTime to Cmax for may be delayed by 8 h or more following a dose of opiate.
bDepending on response status.
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aortic aneurysm surgery suggested that dihydropyridine use was in-
dependently associated with an increased incidence of peri-operative
mortality.221 These observational data may be biased by the
indications for the use of CCBs. In patients already on CCBs,
particularly in those with vasospastic angina, it is recommended to
continue CCBs during the peri-operative period, but withholding
the dose on the day of surgery in order to avoid post-operative
hypotension.

5.2.6. Alpha-2 receptor agonists
Alpha-2 receptor agonists reduce post-ganglionic noradrenaline
output and might therefore reduce catecholamine surge during
surgery. The European Mivazerol trial randomized 1897 patients
with IHD who underwent intermediate- or high-risk NCS.222

Mivazerol did not decrease the incidence of death or MI in the
whole population. However, it did decrease the incidence of death
in a subpopulation of 904 patients undergoing vascular surgery.222

The international Peri-Operative ISchemic Evaluation 2 (POISE-2)
trial randomized 10 010 patients undergoing NCS to clonidine
or placebo.223 Clonidine did not reduce the rate of death or non-
fatal MI in general or in patients undergoing vascular surgery (RR,
1.08; 95% Cl, 0.93–1.26; P= 0.29), but it did increase the risk
of clinically important hypotension (RR, 1.32; 95% Cl, 1.24–1.40;
P, 0.001) and non-fatal cardiac arrest (RR, 3.20; 95% Cl, 1.17–
8.73; P= 0.02).

5.2.7. Diuretics
Diuretics are frequently used in patients with hypertension or HF. In
general, therapy for treatment of hypertension should be continued
to the day of surgery and resumed orally when possible. However,
the benefit for continuing diuretics as antihypertensive therapy is un-
clear, and alternative antihypertensive agents may be considered. In
HF, the dosage of diuretics should be adjusted well in advance for
an optimal fluid balance before surgery, and to avoid fluid retention
or dehydration.
The possibility of electrolyte disturbance should be considered in

any patient receiving diuretics. Hypokalaemia is reported to occur in
up to 36% of patients undergoing surgery (mostly NCS).224,225

Special attention should be given to patients prone to developing ar-
rhythmias. Any electrolyte disturbance, especially hypokalemia and
hypomagnesaemia, should be corrected in due time before surgery.
Acute pre-operative repletion in asymptomatic patients may be as-
sociated with more risks than benefits; thus, minor asymptomatic
electrolyte disturbances should not delay acute surgery.
In the peri-operative period, volume status in patients with HF

should be carefully monitored and optimized by loop diuretics or
fluids. However, retrospective data suggest that intra-operative pre-
scription of diuretics may increase the risk of acute kidney injury
(AKI) after NCS.226

5.2.8. Ivabradine
Heart rate is an independent and modifiable risk factor for peripro-
cedural MI (and maybe death) after NCS. Ivabradine is a negative
chronotropic agent without associated hypotensive effect, and is

therefore a possible alternative to beta-blockers. However, there
are few studies about the value of ivabradine for high-risk patients
undergoing NCS.227 The small (78 patients) PeRi-OperaTivE
CardioproTection With Ivabradine in Non-cardiac Surgery
(PROTECTIN) (NCT04436016) trial is ongoing.

5.2.9. Sodium–glucose co-transporter-2 inhibitors
The use of sodium–glucose co-transporter-2 (SGLT-2) inhibitors is
increasing, due to proven CV benefits for patients with type-2 dia-
betes mellitus (DM) and a beneficial effect on outcomes for patients
with HF and renal insufficiency. Euglycaemic diabetic ketoacidosis
(EDKA) is a rare but serious complication. While the incidence
was not significantly increased with SGLT-2 inhibitors in RCTs, sev-
eral case reports indicate that EDKA may occasionally occur after
(non-cardiac) surgery in patients on SGLT-2 inhibitors.228 A system-
atic review indicated that precipitating factors include diabetes medi-
cation changes, diet modifications, and intercurrent illnesses.229 The
US Food and Drug Administration (FDA) recommends interrupting
SGLT-2 inhibitor therapy for at least 3–4 days before scheduled sur-
gery and to be vigilant for symptoms related to EDKA, prompting
measurement of ketones.

Recommendation Table 12— Recommendations for
pharmacological treatment

Recommendations Classa Levelb

Initiation

In patients with an indication for statins, it should
be considered to initiate statins peri-operatively.

IIa C

Pre-operative initiation of beta-blockers in
advancec of high-risk NCS may be considered in
patients who have two or more clinical risk
factors,d in order to reduce the incidence of
peri-operative myocardial infarction.188,190–192

IIb A

Pre-operative initiation of beta-blocker in advance
of NCS may be considered in patients who have
known CAD or myocardial ischaemia.e,230–232

IIb B

Routine initiation of beta-blocker peri-operatively
is not recommended.185,187,189,233,234

III A

Continuation

Peri-operative continuation of beta-blockers is
recommended in patients currently receiving this
medication.190,196–199

I B

In patients already on statins, it is recommended
to continue statins during the peri-operative
period.235

I B

In patients with stable HF, peri-operative
continuation of RAAS inhibitors may be
considered.

IIb C

Continued
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aortic aneurysm surgery suggested that dihydropyridine use was in-
dependently associated with an increased incidence of peri-operative
mortality.221 These observational data may be biased by the
indications for the use of CCBs. In patients already on CCBs,
particularly in those with vasospastic angina, it is recommended to
continue CCBs during the peri-operative period, but withholding
the dose on the day of surgery in order to avoid post-operative
hypotension.

5.2.6. Alpha-2 receptor agonists
Alpha-2 receptor agonists reduce post-ganglionic noradrenaline
output and might therefore reduce catecholamine surge during
surgery. The European Mivazerol trial randomized 1897 patients
with IHD who underwent intermediate- or high-risk NCS.222

Mivazerol did not decrease the incidence of death or MI in the
whole population. However, it did decrease the incidence of death
in a subpopulation of 904 patients undergoing vascular surgery.222

The international Peri-Operative ISchemic Evaluation 2 (POISE-2)
trial randomized 10 010 patients undergoing NCS to clonidine
or placebo.223 Clonidine did not reduce the rate of death or non-
fatal MI in general or in patients undergoing vascular surgery (RR,
1.08; 95% Cl, 0.93–1.26; P= 0.29), but it did increase the risk
of clinically important hypotension (RR, 1.32; 95% Cl, 1.24–1.40;
P, 0.001) and non-fatal cardiac arrest (RR, 3.20; 95% Cl, 1.17–
8.73; P= 0.02).

5.2.7. Diuretics
Diuretics are frequently used in patients with hypertension or HF. In
general, therapy for treatment of hypertension should be continued
to the day of surgery and resumed orally when possible. However,
the benefit for continuing diuretics as antihypertensive therapy is un-
clear, and alternative antihypertensive agents may be considered. In
HF, the dosage of diuretics should be adjusted well in advance for
an optimal fluid balance before surgery, and to avoid fluid retention
or dehydration.
The possibility of electrolyte disturbance should be considered in

any patient receiving diuretics. Hypokalaemia is reported to occur in
up to 36% of patients undergoing surgery (mostly NCS).224,225

Special attention should be given to patients prone to developing ar-
rhythmias. Any electrolyte disturbance, especially hypokalemia and
hypomagnesaemia, should be corrected in due time before surgery.
Acute pre-operative repletion in asymptomatic patients may be as-
sociated with more risks than benefits; thus, minor asymptomatic
electrolyte disturbances should not delay acute surgery.
In the peri-operative period, volume status in patients with HF

should be carefully monitored and optimized by loop diuretics or
fluids. However, retrospective data suggest that intra-operative pre-
scription of diuretics may increase the risk of acute kidney injury
(AKI) after NCS.226

5.2.8. Ivabradine
Heart rate is an independent and modifiable risk factor for peripro-
cedural MI (and maybe death) after NCS. Ivabradine is a negative
chronotropic agent without associated hypotensive effect, and is

therefore a possible alternative to beta-blockers. However, there
are few studies about the value of ivabradine for high-risk patients
undergoing NCS.227 The small (78 patients) PeRi-OperaTivE
CardioproTection With Ivabradine in Non-cardiac Surgery
(PROTECTIN) (NCT04436016) trial is ongoing.

5.2.9. Sodium–glucose co-transporter-2 inhibitors
The use of sodium–glucose co-transporter-2 (SGLT-2) inhibitors is
increasing, due to proven CV benefits for patients with type-2 dia-
betes mellitus (DM) and a beneficial effect on outcomes for patients
with HF and renal insufficiency. Euglycaemic diabetic ketoacidosis
(EDKA) is a rare but serious complication. While the incidence
was not significantly increased with SGLT-2 inhibitors in RCTs, sev-
eral case reports indicate that EDKA may occasionally occur after
(non-cardiac) surgery in patients on SGLT-2 inhibitors.228 A system-
atic review indicated that precipitating factors include diabetes medi-
cation changes, diet modifications, and intercurrent illnesses.229 The
US Food and Drug Administration (FDA) recommends interrupting
SGLT-2 inhibitor therapy for at least 3–4 days before scheduled sur-
gery and to be vigilant for symptoms related to EDKA, prompting
measurement of ketones.

Recommendation Table 12— Recommendations for
pharmacological treatment

Recommendations Classa Levelb

Initiation

In patients with an indication for statins, it should
be considered to initiate statins peri-operatively.

IIa C

Pre-operative initiation of beta-blockers in
advancec of high-risk NCS may be considered in
patients who have two or more clinical risk
factors,d in order to reduce the incidence of
peri-operative myocardial infarction.188,190–192

IIb A

Pre-operative initiation of beta-blocker in advance
of NCS may be considered in patients who have
known CAD or myocardial ischaemia.e,230–232

IIb B

Routine initiation of beta-blocker peri-operatively
is not recommended.185,187,189,233,234

III A

Continuation

Peri-operative continuation of beta-blockers is
recommended in patients currently receiving this
medication.190,196–199

I B

In patients already on statins, it is recommended
to continue statins during the peri-operative
period.235

I B

In patients with stable HF, peri-operative
continuation of RAAS inhibitors may be
considered.

IIb C

Continued
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5.4. Peri-operative thromboprophylaxis
Trends show that the case-fatality of peri-operative VTE has declined
over the past few decades.319,320 Its causal relationship with prevent-
able mortality has been challenged by a recent meta-analysis.321

Thus, peri-operative VTE should be regarded as a marker of in-
creased mortality risk rather than a causal factor. Careful pre-
operative assessment is essential to identify patients with increased
VTE risk who might benefit from peri-operative thromboprophy-
laxis. Procedure-related (e.g. type of surgery and likelihood of post-
operative immobilization) and patient-related factors contribute to
the risk of VTE. For non-orthopaedic surgical patients at low risk
of VTE, mechanical methods of VTE prophylaxis (graduated com-
pression stockings, intermittent pneumatic compression, or venous
foot pump) rather than pharmacologic prophylaxis or no prophylaxis
are recommended. Patients with CV disease (e.g. patients with re-
cent MI or HF) have increased risk of peri-operative VTE.322 The
Caprini score has been developed for risk stratification,323 and vali-
dated in different surgical settings (see Supplementary data,
Table S7).324–327

Thromboprophylaxis should be considered for patients with
moderate (i.e. 5–8 points) and high scores (i.e. ≥9 points).
Thromboprophylaxis should be initiated during the hospital stay until
12 h before NCS and continued post-operatively based on individual
risk assessment for bleeding. In most cases, thromboprophylaxis
should be continued until the patient becomes fully mobilized or until
hospital discharge (usually up to 10 days). Extended pharmacological
VTE prophylaxis beyond discharge is not routinely recommended in
most non-orthopaedic surgical patients. Although there are insuffi-
cient data regarding thromboprophylaxis after cancer surgery (par-
ticularly major abdominal and/or pelvic surgery for cancer), the
consensus is to extend treatment duration with preferred use of
LMWH for 3–4 weeks. Decisions on prophylaxis in populations
for which the Caprini score has not been validated (such as ortho-
paedic surgery) should be based on individual and procedure-specific
risk factors. Among those, a previous VTE is the strongest risk pre-
dictor (see Supplementary data, Table S7).328 For special situations
and populations (e.g. neurosurgery, elderly, obese), please refer to
available specific practice guidelines.329–332

Large phase 3 and phase 4 studies comparing NOACs with
LMWH have shown similar results regarding efficacy and safety after
major orthopaedic surgery.333 The usual time period for thrombo-
prophylaxis after total knee and hip arthroplasty was up to 14 days
and 35 days in RCTs, respectively,334–339 but large-scale data suggest
safety of foreshortening the duration restricted to the hospital stay
after fast-track surgery.340 Recent practice guidelines and a
meta-analysis suggest a rationale for the use of aspirin as thrombo-
prophylaxis in modern elective total hip and knee arthroplasty.341,342

However, there is a need for more adequately powered clinical trials
with appropriate end-points comparing aspirin with other pharma-
cological methods. Aspirin should not be used as the sole initial agent
for VTE prophylaxis, but switching to aspirin following a short course
(e.g. 5 days) of rivaroxaban may be suitable for selected low-risk pa-
tients.343 It is recommended to implement patient care programmes
—including post-operative mobilization, electronic prophylaxis re-
commendations, and teaching sessions regarding daily use of throm-
boprophylaxis—as these have been shown to be beneficial in
reducing the risk of post-operative VTE complications.344

5.5. Patient blood management
Major surgery is associated with a high risk of peri-operative blood
loss. Preferred treatment of acute anaemia related to peri-operative
blood loss is transfusion of allogenic blood products. However, a
large body of evidence indicates that inappropriate transfusion of
red blood cells (RBCs) may be associated with inherent complica-
tions and impaired surgical outcome. Therefore, it is important to
identify at-risk patients pre-operatively and manage peri-operative
bleeding in any patients undergoing major surgery.

A hallmark study including .200 000 major surgical patients
showed that even mild anaemia significantly increased the risk of
morbidity—including respiratory, urinary, wound, septic, and
thromboembolic complications—and mortality across all age
groups.345 Moreover, Baron and colleagues analysed.39 000 surgi-
cal patients and showed that anaemia was significantly associated
with increased mortality rate, hospital length of stay, and post-
operative admission to intensive care.346 Up to 48% of surgical
patients suffer from anaemia, and therefore anaemia should be con-
sidered to be a risk factor any time during hospitalization.347 Von
Heymann and colleagues analysed 4494 cardiac surgical patients
and showed that pre-operative anaemia and intra-operative transfu-
sion were independently associated with decreased long-term
survival.348 In addition, long-term survival was decreased by 50% in
anaemic patients receiving blood transfusion compared with those
without blood transfusion.

Anaemia may contribute to myocardial ischaemia, particularly if
CAD is present. Iron deficiency (ID) is the underlying cause of an-
aemia in "50% of all cases.347 It was recently shown that ID was as-
sociated with increased risk of 90 day mortality both in patients with
(4–14%) and without (2–5%) anaemia.349 In addition, the incidence

Recommendation Table 15— Recommendations for
thromboprophylaxis

Recommendations Classa Levelb

It is recommended that decisions about
peri-operative thromboprophylaxis in NCS are
based on individual and procedure-specific risk
factors.328,332

I A

If thromboprophylaxis is deemed necessary, it is
recommended to choose the type and duration of
thromboprophylaxis (LMWH, NOAC, or
fondaparinux) according to type of NCS, duration
of immobilization, and patient-related
factors.328,332

I A

In patients with a low bleeding risk, peri-operative
thromboprophylaxis should be considered for a
duration of up to 14 or 35 days, for total knee or
hip arthroplasty, respectively.334–337

IIa A

NOACs in thromboprophylaxis dose may be
considered as alternative treatments to LMWH
after total knee and hip arthroplasty.333

IIb A
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LMWH, low molecular weight heparin; NCS, non-cardiac surgery; NOAC, non-
vitamin K oral anticoagulant.
a Class of recommendation. b Level of evidence.
bLevel of evidence.
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estimation in non-ischaemic heart diseases before NCS has yet to be
studied.

Myocardial perfusion imaging is particularly suitable if patients have
poor acoustic windows for DSE. Meta-analyses of patients undergo-
ing major NCS have demonstrated that, compared with fixed de-
fects, reversible perfusion defects were associated with higher risk
of cardiac death or non-fatal MI. The risk of cardiac events correlates
with the extent of reversible perfusion abnormalities (severe:.20%
of myocardium). Normal myocardial perfusion imaging in high-risk
patients identifies a low-risk subgroup comparable with those with-
out clinical risk factors for adverse cardiac outcomes.154,159,160

Stress cardiac magnetic resonance (CMR) imaging and late gado-
linium enhancement are also accurate tools for detection of IHD
and prognostication.166

4.5.3. Angiography
4.5.3.1. Coronary computed tomography angiography
Coronary computed tomography angiography (CCTA) is recom-
mended as an initial test for diagnosing CAD in stable patients
with a low clinical likelihood or no previous diagnosis of CAD, and
characteristics associated with a high likelihood of good image qual-
ity.146 In addition, CCTA is recommended as an alternative to inva-
sive coronary angiography (ICA) for excluding non-ST-segment
elevation acute coronary syndrome (NSTE-ACS) when there is
low-to-intermediate likelihood of CAD, and when cardiac troponin
and/or ECG are normal or inconclusive.98 The practical utility of
CCTA is reduced when a high coronary calcium score is present.167

In patients undergoing NCS, the role of pre-operative CCTA to
rule out CAD has been investigated in small- to medium-sized obser-
vational studies. The Coronary Computed Tomographic
Angiography and Vascular Events in Noncardiac Surgery Patients
Cohort Evaluation (Coronary CTA VISION) trial prospectively in-
vestigated the incremental predictive value of CCTA over RCRI in
955 patients with a history of or risk factors for CAD, or a history
of congestive HF undergoing NCS.168 Coronary computed tomog-
raphy angiography improved the risk estimation for the primary out-
come of post-operative CV death and non-fatal MI within 30 days,
although CCTA was associated with more than five times inappro-
priate risk overestimations among patients not experiencing the pri-
mary outcome. The predictive value of CCTA further improved
when associated with non-invasive functional testing, such as myo-
cardial perfusion imaging, with a positive and negative predictive va-
lue of 50% (95% CI, 21–79) and 100% (95% CI, 79–100),
respectively.161

Coronary computed tomography angiography associated with
additional functional assessment of coronary stenosis with fractional
flow reserve (FFR) with computed tomography (CT) was able to
identify functionally severe coronary stenosis in 57% of the asymp-
tomatic patients with no history of cardiac disease undergoing ca-
rotid endarterectomy (CEA).169 In 135 asymptomatic patients with
no history of cardiac disease undergoing peripheral vascular surgery,
pre-operative FFR with CT facilitated the identification of functional-
ly severe coronary stenosis in 53% of the patients. These patients
benefited from further revascularization, with a 1 year lower rate
of CV death and MI.170

4.5.3.2. Invasive coronary angiography
There is a lack of information from RCTs relating to the usefulness of
ICA in patients scheduled for NCS. Adopting an ICA assessment may
also cause an unnecessary and unpredictable delay in an already
planned surgical intervention, and adding an independent procedural
risk to the overall risk. Despite the fact that CADmay be present in a
significant number of patients requiring NCS, indications for pre-
operative coronary angiography and revascularization are similar to
angiography indications in the non-surgical setting.98,146,171

Pre-operative treatment of patients with myocardial ischaemia, ei-
ther medically or with intervention, is recommended.

Recommendation Table 9 — Recommendations for
stress imaging

Recommendations Classa Levelb

Stress imaging is recommended before high-risk
elective NCS in patients with poor functional
capacityc and high likelihood of CADd or high
clinical risk.e,146,156–158

I B

Stress imaging should be considered before
high-risk NCS in asymptomatic patients with poor
functional capacity,d and previous PCI or
CABG.147

IIa C

Stress imaging may be considered before
intermediate-risk NCS when ischaemia is of
concern in patients with clinical risk factors and
poor functional capacity.d,152,157,158

IIb B

Stress imaging is not recommended routinely
before NCS.

III C
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CABG, coronary artery bypass graft; CAD, coronary artery disease; ECG,
electrocardiogram; LV, left ventricular; NCS, non-cardiac surgery; PCI, percutaneous
coronary intervention.
aClass of recommendation.
bLevel of evidence.
cPhysical capacity based on Duke Activity Status Index (DASI) or inability to climb two
flights of stairs.
dPre-test probability.15% based on age, sex, and nature of symptoms, or two or more
risk factors for CVD (dyslipidaemia, diabetes, hypertension, smoking, family history of
CVD), or resting ECG changes (Q wave or ST-segment/T wave changes), or LV
dysfunction suggestive of CAD.146
eOne or more clinical risk factor according to the Revised Cardiac Risk Index (ischaemic
heart disease, cerebrovascular disease, history of congestive heart failure, serum
creatinine level .2 mg/dL, diabetes requiring insulin therapy).46,47

Recommendation Table 10— Recommendations for
coronary angiography

Recommendations Classa Levelb

It is recommended to use the same indications for
ICA and revascularization pre-operatively as in the
non-surgical setting.98,146

I C

CCTA should be considered to rule out CAD in
patients with suspected CCS or
biomarker-negative NSTE-ACS in case of
low-to-intermediate clinical likelihood of CAD, or
in patients unsuitable for non-invasive functional
testing undergoing non-urgent, intermediate-, and
high-risk NCS.

IIa C

Continued
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with increased baseline troponin before randomization showed
lower risk of mortality with accelerated surgery (within 6 h
from the diagnosis) vs. standard of care (HR, 0.38; 95% CI,
0.21–0.66).57

The selection of the type of revascularization (PCI or CABG)
should be based on the coronary anatomy and complexity of ath-
erosclerosis, and the presence of diabetes.268,404 When PCI is cho-
sen, the use of a DES is recommended.407 In case of a
life-threatening clinical condition requiring undeferrable NCS and
concomitant ACS-STEMI with an indication for coronary revascu-
larization, a minimalistic approach with plain balloon angioplasty
and delayed stenting might be considered.408,409 Figure 12 shows
a summary of diagnostic and therapeutic pathways in patients
with CAD scheduled for NCS.

6.2. Chronic heart failure
6.2.1. Risk for patients with heart failure
Heart failure is an established risk factor for post-operative mortality
across a broad range of surgical specialties.410–412 Several tools for
risk calculations in patients undergoing NCS include HF as a predict-
or of adverse post-operative events.411,413

The risk of adverse post-operative events associated with HF de-
pends on whether the LV systolic function is preserved or reduced,
on the haemodynamic compensation, and on the presence of symp-
toms.414,415 In patients undergoing NCS, there is a risk of acute de-
compensated HF, with rapid onset or worsening of symptoms and/
or signs of HF, precipitated by fluid accumulation and/or comorbid
conditions.412

Patients with peri-operative acute or chronic HF are at increased
risk of mortality during NCS. In a recently published analysis of 21
560 996 hospitalizations for NCS, the presence of any diagnosis of
HF was associated with significantly higher in-hospital all-cause mor-
tality compared with absence of HF (4.8% vs. 0.78%; adjusted OR,
2.15; 95% CI, 2.09–2.22).416 Among patients with a chronic HF diag-
nosis, peri-operative mortality was greater in those with acute ex-
acerbation of chronic HF compared to those with compensated
chronic HF. In a recent large-scale cohort study of individuals under-
going ambulatory surgery, the crude 90 day mortality was 2.0%
among patients with HF and 0.4% among patients without HF.417

The crude risk of 30 day post-operative complications was 5.7%
and 2.7%, respectively. Of note, the risk of mortality progressively in-
creased with decreasing systolic function. It is not recommended to
perform elective NCS in patients with decompensated HF.

The value of pre-operative assessment of LV function with
TTE and measurement of natriuretic peptides (BNP or
NT-proBNP) is discussed in Section 4.4. The TTE should not be older
than 6 months, or performed just before NCS in the case of clinical
worsening.

6.2.2. Pre- and post-operative management
strategies
In order to reduce the risk of acute decompensation and the risk of
mortality, optimal guideline-directed medical treatment of HF before
scheduled NCS is recommended.412 Special attention should be gi-
ven to the fluid balance, since high-volume infusion is often needed
in the peri-operative period. Invasive monitoring of the arterial
pressure aiming to obtain oximetric and metabolic parameters
during NCS is frequently needed for intermediate- to high-risk
NCS among HF patients. Furthermore, dynamic variables derived
from the arterial pressure waveform (cardiac output, pulse
pressure variation, stroke volume variation) are useful for guiding
protocolled goal-directed therapy. Use of more invasive tools,
such as right heart catheterization or transoesophageal echocardiog-
raphy (TEE), might be considered on an individual patient level (see
Section 7.1).

Baseline medication should be continued throughout the peri-
operative period, in accordance with the recommendations pro-
vided in Section 5.2. It is recommended to perform ECG, measure
biomarkers of myocardial injury (cTn T/I), and perform echocardiog-
raphy to tailor the optimal treatment strategy in patients with acute
decompensated HF post-operatively.

Recommendation Table 19— Recommendations for
the timing of non-cardiac surgery and revasculariza-
tion in patients with known coronary artery disease

Recommendations Classa Levelb

Patients with CCS

If PCI is indicated before NCS, the use of
new-generation DES is recommended over BMS
and balloon angioplasty.268

I A

Pre-operative evaluation of patients with an
indication for PCI by an expert team (surgeon and
cardiologist) should be considered before elective
NCS.

IIa C

Myocardial revascularization before high-risk
elective NCS may be considered, depending on
the amount of ischaemic myocardium, refractory
symptoms, and findings at coronary angiography
(as in the case of left main disease).399,402,403

IIb B

Routine myocardial revascularization before low-
and intermediate-risk NCS in patients with CCS is
not recommended.399,400

III B

Patients with ACS

If NCS can safely be postponed (e.g. at least 3
months), it is recommended that patients with
ACS being scheduled for NCS undergo diagnostic
and therapeutic interventions as recommended
for ACS patients in general.98,268

I A

In the unlikely combination of a life-threatening
clinical condition requiring urgent NCS, and
NSTE-ACS with an indication for
revascularization, the priorities for surgery on a
case-by-case basis should be considered by the
expert team.268

IIa C
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ACS, acute coronary syndrome; BMS, bare metal stent; CAD, coronary artery disease;
CCS, chronic coronary syndrome; DES, drug-eluting stent; NCS, non-cardiac surgery;
NSTE-ACS, non-ST-segment elevation acute coronary syndrome; PCI, percutaneous
coronary intervention.
aClass of recommendation.
bLevel of evidence.
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estimation in non-ischaemic heart diseases before NCS has yet to be
studied.

Myocardial perfusion imaging is particularly suitable if patients have
poor acoustic windows for DSE. Meta-analyses of patients undergo-
ing major NCS have demonstrated that, compared with fixed de-
fects, reversible perfusion defects were associated with higher risk
of cardiac death or non-fatal MI. The risk of cardiac events correlates
with the extent of reversible perfusion abnormalities (severe:.20%
of myocardium). Normal myocardial perfusion imaging in high-risk
patients identifies a low-risk subgroup comparable with those with-
out clinical risk factors for adverse cardiac outcomes.154,159,160

Stress cardiac magnetic resonance (CMR) imaging and late gado-
linium enhancement are also accurate tools for detection of IHD
and prognostication.166

4.5.3. Angiography
4.5.3.1. Coronary computed tomography angiography
Coronary computed tomography angiography (CCTA) is recom-
mended as an initial test for diagnosing CAD in stable patients
with a low clinical likelihood or no previous diagnosis of CAD, and
characteristics associated with a high likelihood of good image qual-
ity.146 In addition, CCTA is recommended as an alternative to inva-
sive coronary angiography (ICA) for excluding non-ST-segment
elevation acute coronary syndrome (NSTE-ACS) when there is
low-to-intermediate likelihood of CAD, and when cardiac troponin
and/or ECG are normal or inconclusive.98 The practical utility of
CCTA is reduced when a high coronary calcium score is present.167

In patients undergoing NCS, the role of pre-operative CCTA to
rule out CAD has been investigated in small- to medium-sized obser-
vational studies. The Coronary Computed Tomographic
Angiography and Vascular Events in Noncardiac Surgery Patients
Cohort Evaluation (Coronary CTA VISION) trial prospectively in-
vestigated the incremental predictive value of CCTA over RCRI in
955 patients with a history of or risk factors for CAD, or a history
of congestive HF undergoing NCS.168 Coronary computed tomog-
raphy angiography improved the risk estimation for the primary out-
come of post-operative CV death and non-fatal MI within 30 days,
although CCTA was associated with more than five times inappro-
priate risk overestimations among patients not experiencing the pri-
mary outcome. The predictive value of CCTA further improved
when associated with non-invasive functional testing, such as myo-
cardial perfusion imaging, with a positive and negative predictive va-
lue of 50% (95% CI, 21–79) and 100% (95% CI, 79–100),
respectively.161

Coronary computed tomography angiography associated with
additional functional assessment of coronary stenosis with fractional
flow reserve (FFR) with computed tomography (CT) was able to
identify functionally severe coronary stenosis in 57% of the asymp-
tomatic patients with no history of cardiac disease undergoing ca-
rotid endarterectomy (CEA).169 In 135 asymptomatic patients with
no history of cardiac disease undergoing peripheral vascular surgery,
pre-operative FFR with CT facilitated the identification of functional-
ly severe coronary stenosis in 53% of the patients. These patients
benefited from further revascularization, with a 1 year lower rate
of CV death and MI.170

4.5.3.2. Invasive coronary angiography
There is a lack of information from RCTs relating to the usefulness of
ICA in patients scheduled for NCS. Adopting an ICA assessment may
also cause an unnecessary and unpredictable delay in an already
planned surgical intervention, and adding an independent procedural
risk to the overall risk. Despite the fact that CADmay be present in a
significant number of patients requiring NCS, indications for pre-
operative coronary angiography and revascularization are similar to
angiography indications in the non-surgical setting.98,146,171

Pre-operative treatment of patients with myocardial ischaemia, ei-
ther medically or with intervention, is recommended.

Recommendation Table 9 — Recommendations for
stress imaging

Recommendations Classa Levelb

Stress imaging is recommended before high-risk
elective NCS in patients with poor functional
capacityc and high likelihood of CADd or high
clinical risk.e,146,156–158

I B

Stress imaging should be considered before
high-risk NCS in asymptomatic patients with poor
functional capacity,d and previous PCI or
CABG.147

IIa C

Stress imaging may be considered before
intermediate-risk NCS when ischaemia is of
concern in patients with clinical risk factors and
poor functional capacity.d,152,157,158

IIb B

Stress imaging is not recommended routinely
before NCS.

III C
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CABG, coronary artery bypass graft; CAD, coronary artery disease; ECG,
electrocardiogram; LV, left ventricular; NCS, non-cardiac surgery; PCI, percutaneous
coronary intervention.
aClass of recommendation.
bLevel of evidence.
cPhysical capacity based on Duke Activity Status Index (DASI) or inability to climb two
flights of stairs.
dPre-test probability.15% based on age, sex, and nature of symptoms, or two or more
risk factors for CVD (dyslipidaemia, diabetes, hypertension, smoking, family history of
CVD), or resting ECG changes (Q wave or ST-segment/T wave changes), or LV
dysfunction suggestive of CAD.146
eOne or more clinical risk factor according to the Revised Cardiac Risk Index (ischaemic
heart disease, cerebrovascular disease, history of congestive heart failure, serum
creatinine level .2 mg/dL, diabetes requiring insulin therapy).46,47

Recommendation Table 10— Recommendations for
coronary angiography

Recommendations Classa Levelb

It is recommended to use the same indications for
ICA and revascularization pre-operatively as in the
non-surgical setting.98,146

I C

CCTA should be considered to rule out CAD in
patients with suspected CCS or
biomarker-negative NSTE-ACS in case of
low-to-intermediate clinical likelihood of CAD, or
in patients unsuitable for non-invasive functional
testing undergoing non-urgent, intermediate-, and
high-risk NCS.

IIa C

Continued
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increased risk of morbidity (OR, 2.08; 95% CI, 1.56–2.77), mortal-
ity (OR, 1.94; 95% CI, 1.32–2.84), cardiac complications (OR,
2.44; 95% CI, 1.52–3.93), and AKI (OR, 2.68; 95% CI, 1.31–
5.55).531 In patients with hypertension, hypoperfusion may occur
at higher BP levels and peri-operative BP control should be tai-
lored to pre-operative levels.528

In patients referred for elective NCS, control of BP should be
prioritized, especially in patients with systolic BP .160 mmHg.
The management of patients with hypertension in the pre-operative
setting should follow the recommendation provided in the 2018
ESC/European Society of Hypertension (ESH) Guidelines for the
management of arterial hypertension.529 These guidelines advocate
an approach using RAAS inhibitors (in patients aged ,70 years) or
CCBs (in patients aged .70 years) as single therapy in moderate
hypertension and both in combination where dual therapy is
needed, adding a diuretic and an aldosterone antagonist if addition-
al medication is needed for adequate control. Beta-blockers are re-
stricted to patients where it is specifically indicated.529 In patients
with hypertension and a clear indication for beta-blocker, third-
generation beta-blockers—such as carvedilol, celiprolol, labetolol,
and nebivolol—have superior antihypertensive effects compared
with other beta-blockers and fewer adverse effects, but there
are no RCTs reporting outcomes in hypertensive patients.529 In
a large observational study, a beta-blocker prescription prior to
NCS was associated with lower 30 day mortality in patients with
three or four cardiac risk factors.188 However, for patients with
no cardiac risk factors, the risk of death was significantly increased
with beta-blockers.188,532

Most patients with stage 3 hypertension on the day of surgery
will be classified as hypertensive urgencies. In these cases, the
2018 ESC/ESH Guidelines for the management of arterial hyper-
tension recommend ACEIs, CCBs, or diuretics. Neither ACEIs
nor diuretics are recommended on the day of surgery. The use
of CCBs is supported by a meta-analysis of 11 studies of CCBs dur-
ing NCS.220 Further, a study of 989 well-controlled patients with
hypertension without hypertension-related organ damage, testing
the use of fast-acting nasal nifedipine when stage 3 hypertension
(systolic BP.180 and/or diastolic BP.110 mmHg) was diagnosed
the day of NCS, found no difference in outcome between admin-
istration of nifedipine and surgery on the same day compared with
deferral for hypertension control before resuming surgery.533

Immediate nifedipine treatment was associated with shorter hos-
pital stays. As this was the first study testing the need for deferral
of stage 3 hypertension, it challenged the need for this practice. For
patients with hypertensive emergencies (systolic BP .180 and/or
diastolic BP .110 mmHg and organ damage), the 2018 ESC/ESH
Guidelines for the management of arterial hypertension recom-
mend labetolol, nitroglycerin, nitroprusside, etc., according to
the affected organ.529

The timing of administration of the antihypertensive drugs, and
their continuation or discontinuation in the peri-operative period
is discussed in Section 5.2.

6.9. Peripheral artery disease
Patients with peripheral artery disease (PAD) usually have advanced
atherosclerotic disease affecting multiple vascular beds in varying de-
grees and have a worse prognosis compared with patients without
PAD.534–538 Patients with PAD generally differ in their risk profiles, ac-
cording to whether they undergo vascular or non-vascular NCS.

6.9.1. Peripheral artery disease and non-vascular
non-cardiac surgery
Decisions on pre-operative treatment of pre-existing PAD and AAA
in patients scheduled for non-vascular NCS should be made on an
individual basis, taking into account symptoms and risks of surgery.
Non-cardiac surgery should be prioritized in patients needing revas-
cularization for PAD, but careful peri-operative monitoring of deteri-
oration in lower extremity perfusion is warranted, particularly in
those patients with chronic limb-threatening ischaemia (e.g. periph-
eral BP of ≤50–70 mmHg in the foot joint and ≤30–50 mmHg in
the toes).539 For patients with AAA, pain control is essential to
ensure stable BP, minimizing rupture risk. Patients with large AAA
(i.e. .5 cm in diameter for women and .5.5 cm for men) should
be evaluated for aortic aneurysm repair (preferably EVAR)540–542

before non-vascular NCS is planned, particularly in the case of
malignant tumours, depending on the stage of malignant disease.

6.9.2. Peripheral artery disease and vascular
non-cardiac surgery
The 2017 ESC Guidelines on the diagnosis and treatment of periph-
eral arterial diseases535 and the European Society for Vascular
Surgery (ESVS) 2019 Clinical Practice Guidelines on the management
of abdominal aorto-iliac artery aneurysms35 provide detailed evidence
and recommendations on the screening of patients before vascular

Recommendation Table 27— Recommendations for
pre-operative management of hypertension

Recommendations Classa Levelb

In patients with chronic hypertension undergoing
elective NCS, it is recommended to avoid large
peri-operative fluctuations in blood pressure,
particularly hypotension, during the
peri-operative period.528,531

I A

It is recommended to perform pre-operative
screening for hypertension-mediated organ
damage and CV risk factors in newly diagnosed
hypertensive patients who are scheduled for
elective high-risk NCS.

I C

It is not recommended to defer NCS in patients
with stage 1 or 2 hypertension.

III C
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CV, cardiovascular; NCS, non-cardiac surgery.
aClass of recommendation.
bLevel of evidence.
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When specific reversal agents are unavailable, PCC or activated
PCC should be considered for reversing NOAC effects.

IIa

If an urgent surgical intervention is required, specific
coagulation tests and assessment of NOAC plasma levels
should be considered to interpret routine coagulation tests and
waning of anticoagulant effect.

IIa

If bleeding risk with resumption of full-dose anticoagulation
outweighs the risk of thromboembolic events, postponing
therapeutic anticoagulation 48 –72 h after the procedure may
be considered, using post-operative thromboprophylaxis until
resumption of full OAC dose is deemed safe.

IIb

Bridging of OAC therapy is not recommended in patients with
low/moderate thrombotic risk undergoing NCS.

III

Use of reduced-dose NOAC to attenuate the risk of
post-operative bleeding is not recommended.

III

Thromboprophylaxis

It is recommended that decisions about peri-operative
thromboprophylaxis in NCS are based on individual and
procedure-specific risk factors.

I

If thromboprophylaxis is deemed necessary, it is
recommended to choose the type and duration of
thromboprophylaxis (LMWH, NOAC, or fondaparinux)
according to type of NCS, duration of immobilization, and
patient-related factors.

I

In patients with a low bleeding risk, peri-operative
thromboprophylaxis should be considered for a duration of up
to 14 or 35 days, for total knee or hip arthroplasty, respectively.

IIa

NOACs in thromboprophylaxis dose may be considered as
alternative treatments to LMWH after total knee and hip
arthroplasty.

IIb

Patient blood management

It is recommended to measure haemoglobin pre-operatively in
patients scheduled for intermediate- to high-risk NCS.

I

It is recommended to treat anaemia in advance of NCS in order
to reduce the need for RBC transfusion during NCS.

I

In patients undergoing surgery with expected blood loss of
≥500 mL, use of washed cell salvage is recommended.

I

It is recommended to use point-of-care diagnostics for
guidance of blood component therapy, when available.

I

The use of an algorithm to diagnose and treat anaemic patients
before NCS should be considered.

IIa

In patients undergoing NCS and experiencing major bleeding,
administration of tranexamic acid should be immediately
considered.

IIa

Use of closed-loop arterial blood sampling systems should be
considered to avoid blood loss.

IIa

Application of meticulous haemostasis should be considered a
routine procedure.

IIa

A feedback/monitoring programme or clinical decision support
system should be considered to be assessed before blood
transfusion.

IIa

Before allogenic blood transfusion, it should be considered
to obtain an extensive consent about risks associated with
transfusion.

IIa

Continued

Specific diseases—Section 6

Coronary artery disease

Pre-operative evaluation of patients with an indication for PCI
by an expert team (surgeon and cardiologist) should be
considered before elective NCS.

IIa

Heart failure

In patients with HF undergoing NCS, it is recommended to
regularly assess volume status and signs of organ perfusion.

I

A multidisciplinary team including VAD specialists is
recommended for peri-operative management of patients with
HF receiving mechanical circulatory support.

I

Valvular heart disease

In patients with symptomatic severe AR or asymptomatic
severe AR and LVESD .50 mm or LVESDi (LVESD/BSA)
.25 mm/m2 (in patients with small body size) or resting LVEF
≤50%, valve surgery is recommended prior to elective
intermediate- or high-risk NCS.

I

In patients with moderate-to-severe rheumatic MS and
symptoms or SPAP .50 mmHg, valve intervention (PMC or
surgery) is recommended before elective intermediate- or
high-risk NCS.

I

In asymptomatic patients with severe AS who are scheduled
for elective high-risk NCS, AVR (SAVR or TAVI) should be
considered after Heart Team discussion.

IIa

In patients with symptomatic severe primary MR or
asymptomatic severe primary MR with LV dysfunction (LVESD
≥40 mm and/or LVEF ≤60%), valve intervention (surgical or
transcatheter) should be considered prior to intermediate- or
high-risk NCS, if time allows.

IIa

In patients with severe secondary MR who remain
symptomatic despite guideline-directed medical therapy
(including CRT if indicated), valve intervention (transcatheter
or surgical) should be considered before NCS, in eligible
patients with an acceptable procedural risk.

IIa

In patients with severe symptomatic AS in need of
time-sensitive NCS or in whom the TAVI and SAVR are
unfeasible, BAV may be considered before NCS as a bridge to
definitive aortic valve repair.

IIb

Arrhythmias

In AF patients with acute or worsening haemodynamic
instability undergoing NCS, emergency electrical cardioversion
is recommended.

I

In patients with symptomatic, monomorphic, sustained VT
associated with myocardial scar, recurring despite optimal
medical therapy, ablation of arrhythmia is recommended
before elective NCS.

I

It is recommended that all patients with CIEDs that are
reprogrammed before surgery have a re-check and necessary
reprogramming as soon as possible after the procedure.

I

If indications for pacing exist according to the 2021 ESC
Guidelines on cardiac pacing and cardiac resynchronization
therapy, NCS surgery should be deferred and implantation of a
permanent pacemaker should be considered.

IIa

Continued
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When specific reversal agents are unavailable, PCC or activated
PCC should be considered for reversing NOAC effects.

IIa

If an urgent surgical intervention is required, specific
coagulation tests and assessment of NOAC plasma levels
should be considered to interpret routine coagulation tests and
waning of anticoagulant effect.

IIa

If bleeding risk with resumption of full-dose anticoagulation
outweighs the risk of thromboembolic events, postponing
therapeutic anticoagulation 48 –72 h after the procedure may
be considered, using post-operative thromboprophylaxis until
resumption of full OAC dose is deemed safe.

IIb

Bridging of OAC therapy is not recommended in patients with
low/moderate thrombotic risk undergoing NCS.

III

Use of reduced-dose NOAC to attenuate the risk of
post-operative bleeding is not recommended.

III

Thromboprophylaxis

It is recommended that decisions about peri-operative
thromboprophylaxis in NCS are based on individual and
procedure-specific risk factors.

I

If thromboprophylaxis is deemed necessary, it is
recommended to choose the type and duration of
thromboprophylaxis (LMWH, NOAC, or fondaparinux)
according to type of NCS, duration of immobilization, and
patient-related factors.

I

In patients with a low bleeding risk, peri-operative
thromboprophylaxis should be considered for a duration of up
to 14 or 35 days, for total knee or hip arthroplasty, respectively.

IIa

NOACs in thromboprophylaxis dose may be considered as
alternative treatments to LMWH after total knee and hip
arthroplasty.

IIb

Patient blood management

It is recommended to measure haemoglobin pre-operatively in
patients scheduled for intermediate- to high-risk NCS.

I

It is recommended to treat anaemia in advance of NCS in order
to reduce the need for RBC transfusion during NCS.

I

In patients undergoing surgery with expected blood loss of
≥500 mL, use of washed cell salvage is recommended.

I

It is recommended to use point-of-care diagnostics for
guidance of blood component therapy, when available.

I

The use of an algorithm to diagnose and treat anaemic patients
before NCS should be considered.

IIa

In patients undergoing NCS and experiencing major bleeding,
administration of tranexamic acid should be immediately
considered.

IIa

Use of closed-loop arterial blood sampling systems should be
considered to avoid blood loss.

IIa

Application of meticulous haemostasis should be considered a
routine procedure.

IIa

A feedback/monitoring programme or clinical decision support
system should be considered to be assessed before blood
transfusion.

IIa

Before allogenic blood transfusion, it should be considered
to obtain an extensive consent about risks associated with
transfusion.

IIa

Continued

Specific diseases—Section 6

Coronary artery disease

Pre-operative evaluation of patients with an indication for PCI
by an expert team (surgeon and cardiologist) should be
considered before elective NCS.

IIa

Heart failure

In patients with HF undergoing NCS, it is recommended to
regularly assess volume status and signs of organ perfusion.

I

A multidisciplinary team including VAD specialists is
recommended for peri-operative management of patients with
HF receiving mechanical circulatory support.

I

Valvular heart disease

In patients with symptomatic severe AR or asymptomatic
severe AR and LVESD .50 mm or LVESDi (LVESD/BSA)
.25 mm/m2 (in patients with small body size) or resting LVEF
≤50%, valve surgery is recommended prior to elective
intermediate- or high-risk NCS.

I

In patients with moderate-to-severe rheumatic MS and
symptoms or SPAP .50 mmHg, valve intervention (PMC or
surgery) is recommended before elective intermediate- or
high-risk NCS.

I

In asymptomatic patients with severe AS who are scheduled
for elective high-risk NCS, AVR (SAVR or TAVI) should be
considered after Heart Team discussion.

IIa

In patients with symptomatic severe primary MR or
asymptomatic severe primary MR with LV dysfunction (LVESD
≥40 mm and/or LVEF ≤60%), valve intervention (surgical or
transcatheter) should be considered prior to intermediate- or
high-risk NCS, if time allows.

IIa

In patients with severe secondary MR who remain
symptomatic despite guideline-directed medical therapy
(including CRT if indicated), valve intervention (transcatheter
or surgical) should be considered before NCS, in eligible
patients with an acceptable procedural risk.

IIa

In patients with severe symptomatic AS in need of
time-sensitive NCS or in whom the TAVI and SAVR are
unfeasible, BAV may be considered before NCS as a bridge to
definitive aortic valve repair.

IIb

Arrhythmias

In AF patients with acute or worsening haemodynamic
instability undergoing NCS, emergency electrical cardioversion
is recommended.

I

In patients with symptomatic, monomorphic, sustained VT
associated with myocardial scar, recurring despite optimal
medical therapy, ablation of arrhythmia is recommended
before elective NCS.

I

It is recommended that all patients with CIEDs that are
reprogrammed before surgery have a re-check and necessary
reprogramming as soon as possible after the procedure.

I

If indications for pacing exist according to the 2021 ESC
Guidelines on cardiac pacing and cardiac resynchronization
therapy, NCS surgery should be deferred and implantation of a
permanent pacemaker should be considered.

IIa

Continued
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