








monitor before induction of anaesthesia or institution of a regional
block. The duration of ST-segment changes correlates positively
with the incidence of perioperative myocardial infarction; 223 there-
fore, when ST-segment changes occur, the clinician should assume
that myocardial ischaemia is present if the patient has a history of
pre-existing cardiac disease or is undergoing surgery.

It is not clear, however, whether ECG monitoring is sufficiently
sensitive to identify patients with myocardial ischaemia. In addition,
ECG monitoring is of limited value in patients who have intraventri-
cular conductiondefects and ventricular paced rhythms. In one study,
Holter recordings were used as the reference standard for detection
of intra-operative ischaemia and the ST-trending monitors were
found to have overall sensitivity of 74% and specificity of 73%.224

The choice and configuration of the leads used for monitoring may
influence the ability to detect significant ST-segment changes. Al-
though V5 has for many years been regarded as the best choice for
the detection of intra-operative ischaemia, one study found that V4
was more sensitive and appropriate than V5 for detecting prolonged
post-operative ischaemia and infarction.225

As many ischaemic events are dynamic and may not always be
detected by the same lead, reliance on a single lead for monitoring
results in a greater risk of failing to detect an ischaemic event. With
the use of selected lead combinations, more ischaemic events can be
precisely diagnosed in the intra-operative setting. In one study, although
the best sensitivity was obtained with V5 (75%), followed by V4 (61%),
combining leads V4 and V5 increased the sensitivity to 90%. When the
leads II, V4 and V5 were used simultaneously, the sensitivity was greater
than 95%.225,226 In another study, in which two or more pre-cordial
leads were used, the sensitivity of ECG monitoring was greater than
95% for detection of perioperative ischaemia and infarction.225 It was
also shown that ECG monitoring with fewer leads (as few as three)
has lower sensitivity than monitoring with 12 leads and there is a stat-
istically significant association, independent of perioperative troponin
values, between perioperative ischaemia on a 12-lead ECG and long-
term mortality.227,228 Thus, 12-lead ECG monitoring is recommended
especially in high-risk patients, although correct positioning of 12 leads
is not feasible in high abdominal and thoracic surgery.

Recommendations on ECG monitoring

Recommendations Classa Levelb Ref. c

Peri-operative ECG monitoring is
recommended for all patients
undergoing surgery.  

I C

Selected lead combinations should be 
considered for better detection
of ischaemia in the operating room.

IIa B
225,
226

When feasible, twelve-lead ECG
monitoring should be considered
for high-risk patients undergoing
surgery. 

IIa B
227,
228

ECG ¼ electrocardiogram.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

6.2 Transoesophageal echocardiography
Transoesophageal echocardiography (TOE) has frequently been
used as a monitoring tool during cardiac surgery. TOE has
several advantages. It is rapidly available, relatively non-invasive,
and provides more versatile and comprehensive information;
however, although TOE is in general a safe procedure, serious
adverse events can occur. The complication rates relate to the ex-
perience of the operator and the presence of oesophageal or
gastric diseases. Specific training of users is essential to avoid in-
accurate interpretation.

Myocardial ischaemia can be identified by abnormalities in re-
gional wall motion and thickening. The agreement between
intra-operative TOE and ECG is rather weak.229 Both ST-segment
changes and regional wall motion abnormalities can be present in
the absence of acute ischaemia. Wall motion abnormalities may
be difficult to interpret in the presence of left bundle branch
block, ventricular pacing, or right ventricular overload. The reso-
lution of ischaemia is not necessarily detectable if ischaemia is fol-
lowed by myocardial stunning. Episodes of new or worsened wall
motion abnormalities have been shown to be relatively infrequent
(20%) in high-risk patients undergoing non-cardiac surgery.229

They were more common in patients submitted to aortic vascular
surgery. Episodes were poorly correlated with post-operative
cardiac complications.229

For the purpose of identifying patients at high risk of perioperative
ischaemic outcomes, routine monitoring for myocardial ischaemiawith
TOEor 12-lead ECG during non-cardiac surgery is of little more clinical
value than pre-operative clinical data and intra-operative monitoring
using a 12-lead ECG.230

TOE is recommended if acute and severe haemodynamic
instability or life-threatening abnormalities develop during or after
surgery.231 It is a useful technique in the context of hypotension
during non-cardiac surgery. In a prospective study including 42
adults, TOE was performed before any other haemodynamic moni-
toring when severe hypotension developed. It was useful for deter-
mining the cause of severe hypotension, hypovolaemia, low
ejection fraction, severe embolism, myocardial ischaemia, cardiac
tamponade, or dynamic LV outflow tract obstruction.232 The value
of TOE for systematic haemodynamic monitoring in patients at
risk is more controversial. There is no evidence that haemodynamic
monitoring by TOE accurately stratifies risk or predicts outcome.
TOE can be useful in the operating room in patients with severe
valvular lesions. The loading conditions during general anaesthesia
differ from those present in the pre-operative evaluation. Second-
ary mitral regurgitation is usually reduced during general anaesthe-
sia; on the other hand, primary mitral regurgitation can increase. In
the setting of severe mitral regurgitation, the LVEF overestimates
LV function and other parameters may be more accurate, such as
myocardial deformation obtained by two-dimensional speckle
tracking. More validation is needed before this method can be
used routinely in this setting. In patients with severe aortic stenosis,
appropriate pre-load is important during surgery. Monitoring of LV
end-diastolic volume with TOE may be more accurate than by pul-
monary capillary pressure. An appropriate heart rate is crucial in
patients with mitral stenosis and aortic regurgitation: a sufficient
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diastolic period in the former and an appropriate—not long—dur-
ation of diastole in the latter. When inappropriate control of heart
rate occurs, the consequences should be assessed: changes in trans-
mitral mean gradient and pulmonary artery pressures in mitral sten-
osis, and changes in LV volumes and indices of LV function in aortic
regurgitation.

Recommendations on intra-operative and/or
perioperative TOE for detection of myocardial
ischaemia

Recommendations Classa Levelb Ref. c

The use of TOE should be considered
in patients who develop ST-segment
changes on intra-operative or
peri-operative ECG monitoring. 

IIa C 230

The use of TOE may be considered
in patients at high risk of developing
myocardial ischaemia, who
undergo high-risk non-cardiac surgery. 

IIb C 230

ECG ¼ electrocardiogram; TOE ¼ transoesophageal echocardiography.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

Recommendations on intra-operative and/or
perioperative TOE in patients with or at risk of
haemodynamic instability

Recommendations Classa Levelb Ref. c

TOE is recommended when acute 
sustained severe haemodynamic 
disturbances develop during 
surgery or in the peri-operative 
period.

I C 235

TOE monitoring may be 
considered in patients at increased 
risk of significant haemodynamic 
disturbances during and after high-
risk non-cardiac surgery.

IIb C

TOE monitoring may be 
considered in patients who 
present severe valvular lesions 
during high-risk non-cardiac 
surgery procedures accompanied 

by significant haemodynamic 
stresses.

IIb C

TOE ¼ transoesophageal echocardiography.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

Transoesophageal Doppler (TOD) (without echocardiography)
can be also used to monitor cardiac output. A government-
sponsored systematic review performed in the USA concluded
that a strong level of evidence existed to support the usefulness of
TOD in reducing the rate of major complications and the length of
hospital stay after major surgery.233 A similar conclusion was

drawn in a separate review commissioned by the UK’s National
Health Service (NHS) Centre for Evidence-based Purchasing, per-
formed in three NHS hospitals, with 626 patients being assessed
before- and 621 patients after implementation of an intra-operative
TOD-guided fluid optimization strategy. The findings of the NHS
review showed a 67% decrease in intra-operative mortality, a 4-day
reduction in mean duration of post-operative hospital stay, a 23% re-
duction in the need for central venous catheter insertion, a 33% de-
crease in complication rates, and a 25% reduction in re-operation
rate.234

6.3 Right heart catheterization
Despite more than 30 years’ experience with the pulmonary artery
catheter (PAC) and right heart catheterization, little evidence
exists in the medical literature to demonstrate a survival benefit asso-
ciated with PAC in perioperative patients. A case-control analysis,
carried out in a subset of patients from a large observational study
who underwent PAC placement, and who were matched with a
similar number of patients who did not undergo right heart catheter-
ization, demonstrated a higher incidence of post-operative heart
failure and non-cardiac events than the control group.236

Similarly, a Cochrane review of 12 randomized, controlled clinical
trials studying the impact of PAC in a large spectrum of patients—in-
cluding patients whowere undergoing surgeryor whowereadmitted
to the ICU with advanced heart failure, acute respiratory distress syn-
drome, or sepsis—failed to demonstrate a difference in mortality and
length of hospital stay, suggesting that PAC does not provide informa-
tion that is not otherwise available to select a treatment plan.237

Routine PAC and right heart monitoring is therefore not re-
commended in patients during non-cardiac surgery. The use of
other non-invasive perioperative cardiac output monitoring techni-
ques (including TOE with Doppler monitoring) to optimize cardiac
output and fluid therapy in high-risk patients undergoing non-cardiac
surgery, seems to be associated with reduction in length of stay and
complications,238 yet convincing data on hard end-points are still
lacking.

6.4 Disturbed glucose metabolism
Diabetes mellitus is the most common metabolic disorder in Europe,
with a prevalence of 6.4% in 2010, which is predicted to increase to
7.7% by 2030.239 Type 2 diabetes accounts for .90% of cases, and
is expected to increase, probably due to the obesity epidemic in
children and young adults. The condition promotes atheroscler-
osis, endothelial dysfunction, activation of platelets, and synthesis
of pro-inflammatory cytokines. According to the World Health
Organization, approximately 50% of patients with type 2 diabetes
die of CVD. It is well established that surgery in patients with dia-
betes is associated with longer hospital stay, greater use of health-
care resources, and higher perioperative mortality. Elevated levels
of glycosylated haemoglobin (HbA1c)—a marker of poor glycaemic
control—are associated with worse outcomes in surgical and crit-
ical care patients.240 Further, surgical stress increases the pro-
thrombotic state, which may present a particular issue in patients
with diabetes; thus diabetes is an important risk factor for peri-
operative cardiac complications and death. Critical illness is also
characterized by dysglycaemia, which may develop in the absence
of previously diagnosed diabetes, and has repeatedly been
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identified as an important risk factor for morbidity and mortality.240

More recently, the emphasis has shifted from diabetes to hypergly-
caemia, where new-onset hyperglycaemia (compared with hyper-
glycaemia in known diabetics) may hold a much higher risk of
adverse outcome.240,241 Studies in the field of critical care have
demonstrated the detrimental effect of hyperglycaemia, due to
an adverse effect on renal and hepatic function, endothelial func-
tion, and immune response, particularly in patients without under-
lying diabetes. Oxidative stress (a major cause of macrovascular
disease) is triggered by swings in blood glucose, more than by sus-
tained and persistent hyperglycaemia. Minimization of the degree of
glucose variability may be cardioprotective, and mortality may cor-
relate more closely with blood glucose variability than mean blood
glucose per se.240,241

A significant number of surgical patients will have previously un-
diagnosed pre-diabetes, and are at increased risk of unrecognised
perioperative hyperglycaemia and the attendant adverse out-
comes. Although there is no evidence that screening low- or
moderate-risk adults for diabetes improves outcomes, it may
reduce complications in high-risk adults. Screening patients using
a validated risk calculator (e.g. FINDRISC) can identify high or
very high-risk adults; this can be followed up by screening every
3–5 years with HbA1C.242,243 In patients with diabetes, pre-
operative or pre-procedural assessment should be undertaken
to identify and optimize comorbidities, and determine the peri-
procedural diabetes management strategy. For non-cardiac
surgery patients without known diabetes, evidence for strict
blood glucose control is derived largely from studies in critically
ill patients, and is disputed.240,241 Early randomized controlled
trials of intensive insulin therapy maintaining strict glycaemic
control showed morbidity benefits in medical patients in
ICUs, and reduced mortality and morbidity in surgical patients
in ICUs. Subsequent studies, however, found a reduction in
mortality in those whose blood glucose control was less strict
[7.8–10 mmol/L (140–180 mg/dL)] than in those in whom it was
tightly controlled [4.5–6 mmol/L (81–108 mg/dL)], as well as
fewer incidents of severe hypoglycaemia. Subsequent meta-
analyses have demonstrated no reduction in 90-day mortality with
intensive blood glucose control but a five- to six-fold incidence of
hypoglycaemia.240,241 Several suggestions have been put forward
to explain the differences in outcome between these studies,
includingenteral vs. parenteral feeding, the target for insulin initiation,
compliance with therapy, accuracy of glucose measurements,
mechanism or site of insulin infusion, type of protocol used, and
the nurse’s level of experience. In addition, there is disagreement
on the timing of the initiation of insulin therapy: tight intra-operative
glucose control may provide benefit but appears to be difficult and,
thus far, studies have mainly been undertaken in patients undergoing
cardiac surgery.

The correlation of poor surgical outcome with high HbA1c sug-
gests that screening patients and improving glycaemic control
before surgery may be beneficial. Although recommendations for
perioperative management of impaired glucose metabolism are
extrapolated largely from the critical care literature, general con-
sensus is that interventions in the acutely unwell or stressed
patient should be directed towards minimizing fluctuations in
blood glucose concentration whilst avoiding hypoglycaemia and

hyperglycaemia. In the ICU setting, insulin infusion should be
used to control hyperglycaemia, with the trigger for instigating
intravenous insulin therapy set at 10.0 mmol/L (180 mg/dL) and
relative trigger at 8.3 mmol/L (150 mg/dL). Although there is a
lack of agreement on target glucose range,targets below
6.1 mmol/L (110 mg/dL) are not recommended.240,241

Recommendations on blood glucose control

Recommendations Classa Levelb Ref. c

Post-operative prevention of 
hyperglycaemia [targeting levels at 
least <10.0 mmol/L (180 mg/dL)]
by intravenous insulin therapy is 
recommended in adults after high-
risk surgery that requires
admission to the intensive care 
unit.

I B
240,
241

In patients at high surgical risk, 
clinicians should consider 
screening for elevated HbA1c

before major surgery and 
improving pre-operative glucose 
control.

IIa C

Intra-operative prevention of 
hyperglycaemia with insulin may be 
considered.

IIb C

Post-operative targets <6.1 
mmol/L (110 mg/dL) are not 
recommended.

III A
240,
241

HbA1c ¼ glycosylated haemoglobin.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

6.5 Anaemia
Anaemia can contribute to myocardial ischaemia, particularly in
patients with CAD. In emergency surgery, transfusion may be
needed and should be given according to clinical needs. In elective
surgery, a symptom-guided approach is recommended as no scientif-
ic evidence is available to support other strategies.

7. Anaesthesia
The optimal perioperative course for high-risk cardiovascular
patients should be based on close co-operation between cardio-
logists, surgeons, pulmonologists, and anaesthesiologists. Pre-
operative risk assessment and pre-operative optimization of
cardiac disease should be performed as a team exercise. Guidelines
on pre-operative evaluation of the adult patient undergoing non-
cardiac surgery have previously been published by the European
Society of Anaesthesiology.244 The present edition focuses on
patients with cardiovascular risk factors and diseases and also takes
into account more recent developments, as well as perioperative
management of patients at increased cardiovascular risk.
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7.1 Intra-operative anaesthetic
management
Most anaesthetic techniques reduce sympathetic tone, leading to a
decrease in venous return due to increased compliance of the
venous system, vasodilatation and, finally, decreased blood pressure;
thus, anaesthesiological management must ensure proper mainten-
ance of organ flow and perfusion pressure. Recent evidence suggests
that there is no universal ‘target blood pressure value’ to define
intra-operative arterial hypotension, but percentage decreases
.20% in mean arterial pressure, or mean arterial pressure values
,60 mmHg forcumulativedurationsof .30minutes, areassociated
with a statistically significant increase in the risk of post-operative
complications that include myocardial infarction, stroke, and
death.104,245,246 Similarly, increased duration (.30 minutes) of
deep anaesthesia (bispectral index scale values ,45) was statistically
associated with an increased risk of post-operative complications.246

Efforts should be made to prevent intra-operative arterial hypoten-
sion and inadequately deep anaesthesia.

The choice of the anaesthetic agent has been considered to be of
little importance in terms of patient outcome, provided that vital func-
tions are adequately supported. There is conflicting evidence, stem-
ming from cardiac surgery, over whether a specific anaesthetic agent
is superior in patients with cardiac disease, with the suggestion that
volatile anaesthetic agents offer better cardioprotection than intraven-
ous agents. A meta-analysis published in 2013, combining standard and
Bayesian approaches on studies performed in adult cardiac surgery
patients, concluded that inhaled anaesthesia, as opposed to total intra-
venous anaesthesia, was associated with a 50% decrease in mortality
(from 2.6% in the total intravenous anaesthesia arm to 1.3% in the
inhaled anaesthetics arm); the Bayesian meta-analysis concluded that
mortalitywasthe lowest when sevofluranewasusedas the anaesthetic
agent.247 Comparable data relating to non-cardiac surgery are scarce.
One small study observed a lower incidence of major cardiac events in
vascular surgery patients anaesthetized with a volatile agent than with
an intravenous anaesthetic,248 but two other studies in non-cardiac
surgery patients observed no difference in outcome.249,250

However, the overall incidence of perioperative adverse events was
too low to be able to address the relationship between choice of an-
aesthetic agent and patient outcome.251

7.2 Neuraxial techniques
Spinal or epidural (globally known as neuraxial) anaesthesia also
induces sympathetic blockade. When reaching the thoracic derma-
tome level 4, a reduction in cardiac sympathetic drive may occur,
with subsequent reduction in myocardial contractility, heart rate,
and change in cardiac loading conditions. The benefit of neuraxial an-
aesthesia vs. general anaesthesia is much debated in the literature,
with proponents of a beneficial effect of neuraxial anaesthesia and
proponents of the lack of effect on criteria such as mortality or
severemorbidity (myocardial infarction, othercardiaccomplications,
pulmonary embolism, pulmonary complications, etc.). The same
debate applies to patients with CVDs who must undergo non-cardiac
surgery. Given the continuing debate on this subject we have esti-
mated that neuraxial anaesthesia and analgesia may be considered
for the management of patients with cardiovascular risk factors or
diseases.

One meta-analysis reported significantly improved survival and
reduced incidence of post-operative thrombo-embolic, cardiac,
and pulmonary complications using neuraxial blockade, compared
with general anaesthesia.252 An analysis of a large cohort of patients
undergoing colon resection also suggested improved survival with
epidural analgesia.253 Randomized studies and a meta-analysis of
several randomized clinical trials in non-cardiac surgery patients,
comparing outcomes with regional and general anaesthetic techni-
ques, have shown some evidence of improved outcome and
reduced post-operative morbidity with regional anesthesia.254 –256

A recent retrospective analysis, published in 2013, of nearly 400
000 patients undergoing total hip or knee arthroplasty, observed a
significantly lower incidence of major morbidity and mortality in
patients receiving neuraxial anaesthesia.257 The most recent
meta-analysis stated that, when epidurals or spinals were used to
replace general anaesthesia (but not when used to reduce the quan-
tity of drugs required to provide general anaesthesia), there was a sig-
nificant, 29% decrease in the risk of dying during surgery.10 In both
situations there was a significant decrease in the risk of pneumonia
(55% when replacing general anaesthesia and 30% when decreasing
the requirements of drugs used for general anaesthesia). In both
situations, neuraxial anaesthesia failed todecrease the riskof myocar-
dial infarction. In another recent meta-analysis that targeted patients
undergoing lower-limb revascularization (a category of patients with
risk factors for CVD), there was no difference in mortality, myocar-
dial infarction, or lower-limb amputation between patients allocated
to neuraxial anaesthesia vs. general anesthesia.258 Nevertheless,
neuraxial anaesthesia was associated with a significantly lower risk
of pneumonia.258 Both meta-analyses were based on relatively
small numbers of studies (with a high risk of bias) and patients, and
did not specifically target patients with documented cardiac
disease. Although there are no studies specifically analysing the
changes in outcome related to neuraxial anaesthetic techniques in
patients with cardiacdisease, the use of this technique may be consid-
ered in patients who do not have a contra-indication after estimation
of risk–benefit ratio. Cardiac patients are often on various types of
drugs that interfere with coagulation and care should be taken to
ensure sufficient coagulation ability when neuraxial blocks are
applied.259 Furthermore, combination of general anaesthesia with
thoracic epidural anaesthesia has been shown to statistically increase
the risk of arterial hypotension.260

7.3 Perioperative goal-directed therapy
There is accumulating evidence underlining the advantages of goal-
directed fluid therapy in non–cardiac-surgery patients. Goal-
directed therapy aims to optimize cardiovascular performance, in
order to achieve normal or even supranormal oxygen delivery to
tissues, by optimizing pre-load and inotropic function using prede-
fined haemodynamic targets. In contrast to clinical signs or arterial
pressure-orientated standard therapy, goal-directed therapy is
based on flow or fluid responsiveness of haemodynamic variables,
such as stroke volume, response to fluid challenges, stroke volume
or pulse pressure variation, or similar cardiac output optimization.
Although goal-directed therapy was initially based on the use of a pul-
monary artery catheter, less-invasive techniques have been devel-
oped, such as oesophageal Doppler and transpulmonary dilution
techniques, as well as advanced pressure waveform analysis. Early
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goal-directed fluid therapy—in the right patient cohort and with a
clearly defined protocol—has been shown to decrease post-
operative mortality and morbidity.261,262 The mortality benefit of
goal-directed fluid therapy was most pronounced in patients with
an extremely high risk of death (.20%). All high-risk patients under-
going major surgery had a benefit from goal-directed fluid therapy in
terms of complications.263 A meta-analysis published in 2014 demon-
strated that, in patients with CVDs, goal-directed therapy decreased
major morbidity without any increase in adverse cardiovascular
events.264

7.4 Risk stratification after surgery
Several recent studies have demonstrated that it is possible to stratify
the risk of post-operative complications and mortality with a simple
surgical ‘Apgar’ score.265 This post-event stratification might allow
redirecting patients to higher intensity units or selected post-
operative measurements of natriuretic peptides and troponin.3,266

7.5 Early diagnosis of post-operative
complications
Several recent publications have demonstrated that differences
between hospitals, in terms of post-operative mortality, are not due
to the incidence of complications but to the way in which they are
managed.267 These results suggest that early identification of post-
operative complications, allied to aggressive management, could de-
crease post-operative morbidity and mortality. Several recent
meta-analyses have demonstrated that increased post-operative
troponin and BNP concentrations after non-cardiac surgery were
associated with a significantly increased risk of mortality.55,266,268

The prospective Vascular Events In Noncardiac Surgery Patients
Cohort Evaluation (VISION) trial confirmed the results of these
meta-analyses.3 Taken together, theseresults indicate thatearly tropo-
nin measurement in selected patients could trigger therapeutic conse-
quences. A non-randomized trial demonstrated that a bundle of
interventions aimed at promoting homeostasis was associated with a
significantly decreased incidence of post-operative troponin elevation
and decreased morbidity.269 Pre-operatively and post-operatively,
patients whocouldmost benefit fromBNPorhigh-sensitivity troponin
measurements are those with METs ≤4 or with a revised cardiac risk
index value .1 for vascular surgery and .2 for non-vascular surgery.
Post-operatively, patients with a surgical Apgar score ,7 should also
be monitored with BNP or high-sensitivity troponin measurements, in
order to detect complications early, independently of their revised
cardiac risk index values.

7.6 Post-operative pain management
Severe post-operative pain, reported in 5–10% of patients, increases
sympathetic drive and delays recovery.270,271 Neuroaxial analgesia
with local anaesthetics, or opioids and/or alpha2-agonists, and intra-
venous opioids, alone or in combination with non-steroidal anti-
inflammatory drugs, seem to be the most effective regimens. The
benefit of invasive (neuraxial) analgesic techniques should be
weighed against potential dangers; this is especially important when
considering the use of neuraxial blockade in patients on chronic
antithrombotic therapy, due to the increased risk of developing a
neuraxial haematoma. A meta-analysis published in 2013, which

analysed the impact of epidural analgesia vs. systemic analgesia, con-
cluded that epidural analgesia was associated with a significant, 40%
decrease in mortality and a significant decrease in the risk of AF,
SVT, deep-vein thrombosis, respiratory depression, atelectasis,
pneumonia, ileus, and post-operative nausea and vomiting, and also
improved recovery of bowel function, but significantly increased
the risk of arterial hypotension, pruritus, urinary retention, and
motor blockade.272

The transition from acute, post-operative pain to chronic, post-
surgical pain is an unfortunate consequence of surgery that adversely
impacts the patient’s quality of life. The prevalence of chronic post-
surgical pain differs in various types of surgery. Limited data suggest
that local or regional analgesia, gabapentin or pregabaline, or intra-
venous lidocaine, might have a preventive effect against persistent
post-surgical pain and could be used in a high-risk population.273

Recommendations on anaesthesia

Recommendations Classa Levelb Ref. c

Patients with high cardiac and 
surgical risk should be 
considered for goal-directed 
therapy.

IIa B 261–264

The measurement of 
natriuretic peptides and high-
sensitivity troponin after 
surgery may be considered in 
high-risk patients to improve 
risk stratification.

IIb B
3,55,266,
268,272

Neuraxial anaesthesia (alone), 
in the absence of contra-
indications and after 
estimation of the risk–benefit 
ratio, reduces the risk of peri-
operative mortality and 
morbidity compared with 
general anaesthesia and may 
be considered.

IIb B 10,252–257

Avoiding arterial hypotension 
(mean arterial pressure <60 
mm Hg) for prolonged 
cumulative periods (>30 
minutes) may be considered.

IIb B 104,245,246

Neuraxial analgesia, in the 
absence of contra-indications, 
may be considered to provide 
post-operative analgesia.

IIb B 272

Avoiding non-steroidal anti-
inflammatory drugs (especially 
cyclo-oxygenase-2 inhibitors) 
as the first-line analgesics in 
patients with IHD or stroke
may be considered. 

IIb B 279

IHD ¼ ischaemic heart disease
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting recommendations.

Patient-controlled analgesia is an alternative for post-operative
pain relief. Meta-analyses of controlled, randomized trials have
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shown that patient-controlled analgesia has some advantages, with
regard to patient satisfaction, over nurse-controlled or on-demand
analgesia. No difference has been demonstrated with regard to mor-
bidity or final outcome. Patient-controlled analgesia is an adequate al-
ternative in patients not suited to regional anaesthesia. Routines for
follow-up and documentation of effects should be in place.270,274 – 276

Non-steroidal anti-inflammatory drugs and cyclo-oxygenase-2
inhibitors have the potential for promoting heart and renal failure,
as well as thrombo-embolic events, and should be avoided in patients
with myocardial ischaemia or diffuse atherosclerosis. Recently, an
increased risk of cardiovascular events associated with diclofenac was
detected, specifically in a high-risk population.277 Cyclo-oxygenase-2
inhibitors cause less gastrointestinal ulceration and bronchospasm
than cyclo-oxygenase-1 inhibitors. The final value of these drugs in
the treatment of post-operative pain in cardiac patients undergoing
non-cardiac surgery has not been defined. These drugs should be
avoided in cases of renal and heart failure, or in patients who are
elderly, on diuretics, or those with unstable haemodynamics.278

8. Gaps in evidence
The Task Force has identified several major gaps in the available
evidence:

† There is lack of data on how non-cardiac risk factors (frailty,
extreme low or high body mass index, anaemia, immune status)
interact with cardiovascular risk factors and how they impact on
the outcomes of non-cardiac surgery.

† There is a need for risk scores that can predict mortality from non-
cardiac causes.

† Interventional oroutcome studies need tobeperformed, that take
into consideration increased pre-operative or post-operative
high-sensitivity troponin, BNP, and other biomarkers.

† Areas of uncertainty remain in terms of the optimal type, dose, and
duration of perioperative beta-blocker therapy in patients under-
going high-risk non-cardiac surgery.

† It remains unknown whether or not patients at intermediate sur-
gical risk derive benefit from perioperative beta-blocker therapy.

† Areas of uncertainty remain in terms of the potential benefit of the
introduction of statins in patients undergoing high-risk surgery.

† Interventional or outcome studies need to be performed on the
prevention or correction of haemodynamic abnormalities or
low bispectral index values that are statistically associated with
worse outcome.

† Information is lackingon the effects of patient status, operating team
size or skills, and the invasiveness of procedures, on outcomes fol-
lowing non-cardiac surgery and these will require investigations in
large, procedure-specific, randomized, multicentre studies.

9. Summary
Figure 3 presents, in algorithmic form, an evidence-based, stepwise
approach for determining which patients benefit from cardiac
testing, coronary artery revascularization, and cardiovascular
therapy before surgery. For each step, the Committee has included
the level of the recommendations and the strength of evidence in
the accompanying Table 8.

Step 1. The urgency of the surgical procedure should be assessed.
In urgent cases, patient- or surgery-specific factors dictate the strat-
egy and do not allow further cardiac testing or treatment. In these
cases, the consultant provides recommendations on perioperative
medical management, surveillance for cardiac events, and continu-
ation of chronic cardiovascular medical therapy.

Step 2. If the patient is unstable, this condition should be
clarified and treated appropriately before surgery. Examples are un-
stable coronary syndromes, decompensated heart failure, severe
arrhythmias, and symptomatic valvular disease. Stabilization usually
leads to cancellation or delay of the surgical procedure. For instance,
patients with unstable angina pectoris should be referred for coronary
angiography to assess the therapeutic options. Treatment options
should be discussed by a multidisciplinary expert team, including all
perioperative care physicians, because interventions might have
implications for anaesthesiological and surgical care. For example,
the initiation of dual anti-platelet therapy after coronary artery
stent placement might complicate locoregional anaesthesia or specif-
ic surgical procedures. Depending on the outcome of this discussion,
patients may either proceed for coronary artery intervention, namely
CABG, balloon angioplasty, or stent placement, with the initiation of
dual anti-platelet therapy if the index surgical procedure can be
delayed, or proceed directly for operation with optimal medical
therapy if delay is incompatible.

Step 3. In cardiac-stable patients, determine the risk of the surgical
procedure (Table 3). If the estimated 30-day cardiac risk of the pro-
cedure in cardiac stable patients is low (,1%), it is unlikely that
test results will influence management and it would be appropriate
to proceed with the planned surgical procedure. The physician can
identify risk factors and provide recommendations on lifestyle and
medical therapy to improve long-term outcome, as outlined in
Table 8. Initiation of a beta-blocker regimen may be considered
prior to surgery in patients with known IHD or myocardial ischaemia.
Treatment should ideally be initiatedbetween30days andaminimum
of 2 days before surgery and should be continued post-operatively.
Beta-blockade should be started with a low dose, slowly up-titrated
and tailored to achieve a resting heart rate of between 60 and 70 bpm
with systolic blood pressure .100 mm Hg. In patients with heart
failure and systolic LV dysfunction, indicated by LVEF ,40%, ACEIs
(or ARBs in patients intolerant of ACEIs) should be considered
before surgery. In patients undergoing vascular surgery, initiation of
statin therapy should be considered. Discontinuation of aspirin
should be considered in those patients in whom haemostasis is diffi-
cult to control during surgery.

Step 4. Consider the functional capacity of the patient. If an asymp-
tomatic or cardiac-stable patient has moderate or good functional
capacity (.4 METs), perioperative management is unlikely to be
changed on the basis of test results, irrespective of the planned sur-
gical procedure. Even in the presence of clinical risk factors, it is ap-
propriate to refer the patient for surgery. The recommendations
for medication are the same as in Step 3.

Step 5. In patients with a moderate or poor functional capacity,
consider the risk of the surgical procedure, as outlined in Table 3.
Patients scheduled for intermediate-risk surgery can proceed for
surgery. In addition to the suggestions above, in patients with one
or more clinical risk factors (Table 4), a pre-operative baseline ECG
is recommended to monitor changes during the surgical procedure.
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Step 1 Urgent surgery

Patient or surgical specific factors dictate the strategy, and do not allow further 
cardiac testing or treatment. The consultant provides recommendations on 
peri-operative medical management, surveillance for cardiac events and 
continuation of chronic cardiovascular medical therapy.

No

Yes

Step 2 One of active or unstable
cardiac conditions (table 9)

Treatment options should be discussed in a multidisciplinary team, involving all 
peri-operative care physicians as interventions might have implication on 
anaesthesiological and surgical care. For instance in the presence of unstable 
angina, depending on the outcome of this discussion, patients can proceed for 
coronary artery intervention, with the initiation of dual-anti platelet therapy if 
the index surgical procedure can be delayed, or directly for operation if delay 
is impossible with optimal medical therapy. 

No

Yes

Step 3 Determine the risk of the
surgical procedure (table 3)

The consultant can identify risk factors and provide recommendations on 
lifestyle and medical therapy, according to the ESC Guidelines.
In patients with one or more clinical risk factors, preoperative baseline 
ECG may be considered to monitor changes during the peri-operative 
period.

In patients with known IHD or myocardial ischaemia, initiation of a titrated 
low-dose beta-blocker regimen may be considered before surgerya.
In patients with heart failure and systolic dysfunction, ACEI should be 
considered before surgery.
In patients undergoing vascular surgery, initiation of statin therapy should 
be considered.

Intermediate or high

Low

Step 4 Consider the functional 
capacity of the patient

< 4 METs

> 4 METs

Step 5 In patients with a poor functional capacity
consider the risk of the surgical procedure  

In addition to suggestions above:
In patients with one or more clinical risk factors, non-invasive stress testing 
may be considered.

High-risk 
surgery

Intermediate
risk surgery

Step 6 Cardiac risk factors (table 4)

In addition to suggestions above:
Rest echocardiography and biomarkers may be considered for evaluation of LV 
function and obtaining prognostic information for peri-operative and late 
cardiac events

> 3

< 2

Step 7

Consider non-invasive testing. Non-
invasive testing can also be considered

prior to any surgical procedure for patient
counselling, change of peri-operative
management in relation to type of
surgery and anaesthesia technique. 

Balloon angioplasty: 
Surgery can be performed 

> 2 weeks after intervention 
with continuation 

of aspirin treatment. 

Bare-metal stent:
Surgery can be performed 

>4 weeks after intervention. 
Dual antiplatelet therapy 
should be continued for 

at least 4 weeks.

Surgery can be performed
within 12 months after 

intervention for old-generation 
DES and within 6 months for 

new-generation DES.

Continuation or discontinuation of aspirin in patients previously treated
with aspirin 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 (see also Table 8).

CABG

Interpretation of non-invasive
stress test results 

Surgery

Proceed with the planned surgeryb. 

An individualized peri-operative management is recommended considering 
the potential benefit of the proposed surgical procedure compared with the 
predicted adverse outcome, and the effect of medical therapy and/or 
coronary revascularization. 

No/mild/
moderate

stress-induced 
ischaemia

Extensive
stress-induced 

ischaemia

aTreatment should be initiated optimally between 30 days and at least 2 days before surgery and should be continued postoperatively aiming at target resting heart rate of 60–70
beats per minute and systolic blood pressure >100 mmHg. 
bFor strategy of anaesthesia and perioperative monitoring see appropriate sections.
ACEI = angiotensin converting enzyme inhibitor; CABG = coronary artery bypass graft; DES = drug-eluting stent ECG = electrocardiogram; IHD = ischaemic heart disease;
MET =  metabolic equivalent.

Figure 3 Summary of pre-operative cardiac risk evaluation and perioperative management.
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Step 6. In patients scheduled for high-risk surgery, consider
non-invasive testing in patients with more than two clinical risk
factors (Table 4). Non-invasive testing can also be considered
before any surgical procedure for patient counselling, or change of
perioperative management in relation to type of surgery and anaes-
thesia technique. Risk factors can be identified and medical therapy
optimized as in Step 3.

Step 7. Interpretation of non-invasive stress test results:
patients without stress-induced ischaemia—or with mild-to-
moderate ischaemia suggestive of one- or two-vessel disease—can
proceed to the planned surgical procedure. In patients with extensive

stress-induced ischaemia (as assessed by non-invasive testing),
individualized perioperative management is recommended,
taking into consideration the potential benefit of the proposed
surgical procedure, weighed against the predicted adverse
outcome. Also, the effect of medical therapy and/or coronary
revascularization must be assessed, not only for immediate post-
operative outcome, but also for long-term follow-up. In
patients referred for percutaneous coronary artery intervention,
the initiation and duration of anti-platelet therapy will
interfere with the planned surgical procedure (see sections 4.2
and 4.4).

Table 8 Summary of pre-operative cardiac risk evaluation and peri-operative management

ACE ¼ angiotensin converting enzyme; BNP ¼ brain natriuretic peptide; ECG ¼ electrocardiogram; IHD ¼ ischaemic heart disease; LV ¼ left ventricular. Hatched areas: treatment
options should be considered by a multidisciplinary Expert Team.
aType of surgery (Table 3): risk of myocardial infarction and cardiac death within 30 days of surgery.
bClinical risk factors presented in Table 4.
cIn patients without signs and symptoms of cardiac disease or ECG abnormalities.
dNon-invasive testing, not only for revascularization, but also for patient counselling, change of peri-operative management in relation to type of surgery, and anaesthesia technique.
eInitiation of medical therapy, but in the case of emergency surgery, continuation of current medical therapy.
fTreatment should be initiated ideally less than 30 days and at least 2 days before surgery and should be continued post-operatively, aiming at a target heart rate of 60–70 beats per
minute and systolic blood pressure .100 mm Hg.
gUnstable cardiac conditions presented in Table 9. Recommendations are based on current guidelines, recommending assessment of LV function and ECG in these conditions.
hIn the presence of heart failure and systolic LV dysfunction (treatment should be initiated at least 1 week before surgery).
iIn patients with known IHD or myocardial ischaemia.
jIn patients undergoing vascular surgery.
kEvaluation of LV function with echocardiography and assessment of BNP are recommended in patients with established or suspected HF before intermediate- or high-risk surgery in
patients with established or suspected HF (I A).
lIn the presence of American Society of Anesthesiologists class ≥3 or revised cardiac risk index ≥2.
mAspirin should be continued after stent implantation (for 4 weeks after BMS and 3–12 months after DES implantation).
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10. Appendix
ESC National Cardiac Societies actively involved in the
review process of the 2014 ESC/ESA Guidelines on
non-cardiac surgery: cardiovascular assessment and
management

Austria, Austrian Society of Cardiology, Bernhard Metzler –
Azerbaijan, Azerbaijan Society of Cardiology, Rahima Gabulova
– Belarus, BelorussianScientific Societyof Cardiologists,Alena Kur-
lianskaya – Belgium, Belgian Society of Cardiology, Marc J Claeys –
Bosnia and Herzegovina, Association of Cardiologists of Bosnia &
Herzegovina, Ibrahim Terzić – Bulgaria, Bulgarian Society of Cardi-
ology, Assen Goudev – Cyprus, Cyprus Society of Cardiology,
Petros Agathangelou – Czech Republic, Czech Society of Cardi-

ology, Hana Skalicka – Denmark, Danish Society of Cardiology,
Lone Due Vestergaard – Estonia, Estonian Society of Cardiology,
Margus Viigimaa – Finland, Finnish Cardiac Society, Kai Lindgren
– France, French Society of Cardiology, Gérald Vanzetto –
Georgia, Georgian Society of Cardiology, Zurab Pagava –
Germany, German Cardiac Society, Malte Kelm – Greece, Hellen-
ic Cardiological Society, Costas Thomopoulos – Hungary, Hungar-
ian Society of Cardiology, Robert Gabor Kiss – Iceland, Icelandic
Society of Cardiology, Karl Andersen – Israel, Israel Heart
Society, Zvi Vered – Italy, Italian Federation of Cardiology, Fran-
cesco Romeo – Kyrgyzstan, Kyrgyz Society of Cardiology, Erkin
Mirrakhimov – Latvia, Latvian Society of Cardiology, Gustavs Lat-
kovskis – Lebanon, Lebanese Society of Cardiology, Georges
Saade – Libya, Libyan Cardiac Society, Hisham A. Ben Lamin –
Lithuania, Lithuanian Society of Cardiology, Germanas Marinskis
– Malta, Maltese Cardiac Society, Mark Sammut – Poland, Polish
Cardiac Society, Janina Stepinska – Portugal, Portuguese Society of
Cardiology, João Manuel Pereira Coutinho – Romania, Romanian
Society of Cardiology, Ioan Mircea Coman – Russia, Russian
Society of Cardiology, Dmitry Duplyakov – Serbia, Cardiology
Society of Serbia, Marina Deljanin Ilic – Slovakia, Slovak Society of
Cardiology, Juraj Dúbrava – Spain, Spanish Society of Cardiology,
Vicente Bertomeu – Sweden, Swedish Society of Cardiology, Chris-
tina Christersson – The Former Yugoslav Republic of
Macedonia, Macedonian FYR Society of Cardiology, Marija Vavlukis
– Tunisia, Tunisian Society of Cardiology and Cardio-Vascular
Surgery, Abdallah Mahdhaoui – Turkey, Turkish Society of Cardi-
ology, Dilek Ural – Ukraine, Ukrainian Association of Cardiology,
Alexander Parkhomenko – United Kingdom, British Cardiovascu-
lar Society, Andrew Archbold.
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181. Howell SJ, Sear JW, Foëx P. Hypertension, hypertensive heart disease and peri-op-
erative cardiac risk. Br J Anaesth 2004;92:570–583.

182. Casadei B, Abuzeid H. Is there a strong rationale for deferring elective surgery in
patients with poorly controlled hypertension? J Hypertens 2005;23:19–22.

183. Mancia G, Fagard R, Narkiewicz K, Redon J, Zanchetti A, Böhm M et al. 2013 ESH/
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