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Non-cardiac surgery in patients with
coronary artery disease: risk evaluation
and periprocedural management
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Abstract | Perioperative cardiovascular complications are important causes of morbidity and
mortality associated with non-cardiac surgery, particularly in patients with coronary artery
disease (CAD). Although preoperative cardiac risk assessment can facilitate the identification of
vulnerable patients and implementation of adequate preventive measures, excessive evaluation
might lead to undue resource utilization and surgical delay. Owing to conflicting data, there
remains some uncertainty regarding the most beneficial perioperative strategy for patients with
CAD. Antithrombotic agents are the cornerstone of secondary prevention of ischaemic events
but substantially increase the risk of bleeding. Given that 5-25% of patients undergoing coronary
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stentimplantation require non-cardiac surgery within 2 years, surgery is the most common

reason for premature cessation of dual antiplatelet therapy. Perioperative management of
antiplatelet therapy, which necessitates concomitant evaluation of the individual thrombotic
and bleeding risks related to both clinical and procedural factors, poses a recurring dilemma

in clinical practice. Current guidelines do not provide detailed recommendations on this topic,
and the optimal approach in these patients is yet to be determined. This Review summarizes the
current data guiding preoperative risk stratification as well as periprocedural management

of patients with CAD undergoing non-cardiac surgery, including those treated with stents.

Perioperative cardiovascular events are estimated to
occur in one in every 33 patients undergoing non-cardiac
surgery in the USA'. With >300 million surgical pro-
cedures performed annually worldwide, these periop-
erative cardiovascular complications are a substantial
health-care burden®. A large subset of these surgical
procedures are performed in patients with established
coronary artery disease (CAD), especially those with a
history of percutaneous coronary intervention (PCI), in
whom the risk of perioperative adverse cardiac events is
potentially even higher**.

The pathophysiological mechanisms of myocar-
dial ischaemia during non-cardiac surgery are related
either to oxygen supply-demand imbalance on a back-
ground of existing flow-limiting coronary stenosis or
to rupture of vulnerable atherosclerotic plaques, both
of which predispose patients with CAD to a high risk of
an adverse cardiac event™”. The pro-inflammatory and
hypercoagulable states induced by the surgical pro-
cedure and the haemodynamic perturbations result-
ing from fluid shifts and anaesthesia are all important
triggers of perioperative myocardial ischaemia®’.

Moreover, although bleeding risks associated with sur-
gical procedures generally hinder the perioperative use
of antithrombotic therapies, in many cases the bleeding
itself acts as a precipitating factor for ischaemia. Such a
multifactorial aetiology (FIC. 1) explains why preoperative
cardiac risk assessment and periprocedural management
of patients with CAD are complex and transversal top-
ics requiring collaboration between multiple medical
disciplines. However, owing to the limited and often
conflicting literature on this subject, practitioners are
mostly dependent on consensus-based recommenda-
tions, which endorse a more generalized approach that
might not always be applicable when assessing individual
clinical scenarios'*''. Compared with previous reports
addressing specific aspects of this broad and largely
debated topic, this Review aims to provide a compre-
hensive, multidisciplinary and up-to-date appraisal
of the key evidence that should inform decision mak-
ing along every step of perioperative patient care. We
elaborate on the various elements of cardiac evalua-
tion and management of patients with CAD who are
referred for non-cardiac surgery, including individual
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Key points

* Numerous prothrombotic, inflammatory and haemodynamic stressors related to
surgery can exacerbate the risk of myocardial ischaemia in patients with underlying
coronary artery disease (CAD).

* Preoperative cardiac risk assessment and perioperative monitoring of patients with
CAD are essential to optimize risk reduction strategies and improve surgical outcomes.

* A multidisciplinary approach involving all perioperative care specialists is necessary
to define the various aspects of surgical risk.

e Patients undergoing non-cardiac surgery after recent coronary stent placement have
higher rates of adverse cardiac events; however, guidelines lack specific
recommendations for the optimal perioperative management of this subgroup.

* Decisions regarding antiplatelet therapy during non-cardiac surgery must be made
with the goal of achieving a balance between the potential benefit of preventing
thrombotic events and avoiding bleeding complications.

* Bridging with intravenous antiplatelet agents is a viable strategy for patients on dual

antiplatelet therapy undergoing non-deferrable surgery, but still needs to be

validated in a randomized clinical study.

risk stratification, intraoperative measures, perioper-
ative cardiac monitoring and interventions to prevent
cardiovascular events. Furthermore, we also discuss the
diverse thrombotic and bleeding risk factors affecting
this patient population and the use of oral antithrom-
botic drugs and intravenous bridging agents, and provide
a summary of current guidelines and areas for future
research in this field.

Preoperative cardiac risk assessment

The risk of cardiac complications depends on the inter-
play between patient-related factors, such as clinical and
comorbid conditions, and surgery-specific characteristics
such as the urgency, type, invasiveness and duration of the
procedure. Accurate preoperative cardiac risk assessment
not only facilitates decisions regarding the appropriate-
ness of the surgery, but also guides preventative strategies
and perioperative monitoring measures. Risk indices,
cardiac biomarkers and preoperative cardiac testing are
useful risk assessment tools. However, owing to the com-
plexity of assessing overall cardiac risk, a multidisciplinary
stepwise approach is generally reccommended'*"!

Classification of surgical risk

The most commonly used risk indices for preoperative
evaluation are the Revised Cardiac Risk Index (RCRI;
also referred to as the Lee index)'? and the two National
Surgical Quality Improvement Program (NSQIP) risk
calculators'*'*, The RCRI, which is a modified version of
the Goldman index, was designed in 1999 to predict the
risk of postoperative myocardial infarction, pulmonary
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oedema, ventricular fibrillation or cardiac arrest, and
complete heart block. The RCRI takes into account six
variables (type of surgery, history of ischaemic heart
disease, history of cerebrovascular disease, history of
heart failure, preoperative treatment with insulin and
preoperative creatinine levels >2 mg/dl) and has been
widely validated over the past two decades'>'. The
NSQIP prospective registry'”'* was used to create two
new risk indices. The Gupta Myocardial Infarction or
Cardiac Arrest (MICA) model, published in 2011, was
derived from the 2007 NSQIP dataset and validated in
the 2008 dataset, which both contained information
from >200,000 patients. The five variables identified
as predictors of perioperative myocardial infarction or
cardiac arrest in the MICA model were: type of surgery,
functional status, creatinine level >1.5 mg/dl, American
Society of Anesthesiologists class and advanced age'’.
This risk model was shown to have higher predictive
accuracy than the RCRI". The Universal American
College of Surgeons surgical risk calculator was devel-
oped by Bilimoria and colleagues in 2013 with the use
of 1,557 Current Procedural Terminology codes to
define the planned surgical procedure, and includes
20 patient-related and surgery-related variables'.
Although this risk model is more comprehensive than
the other risk calculators, its use is more complex,
requiring manual data entry of specific information and
calculation through an online tool".

The European Society of Cardiology and the
European Society of Anaesthesiology guidelines pro-
vide a three-tiered classification system for different
types of surgical procedures on the basis of their esti-
mated perioperative risk of 30-day adverse cardiac
events (whereby low risk means <1%, intermediate risk
1-5% and high risk >5%)'**". Findings from a study that
validated this classification system broadly reflected the
expected rates of adverse outcomes, thereby consolidat-
ing its use in preoperative risk assessment protocols®'.
Importantly, although the haemorrhagic risk associated
with a procedure primarily depends on the extent of
tissue damage and involvement of the vascular sys-
tem, the risk of ischaemic events is also influenced by
the underlying pathology defining the indication for
surgery. For example, lower limb revascularization is
associated with a low risk of bleeding but a high risk of
adverse cardiac events’'. This discordance is attributa-
ble to the unfavourable clinical comorbidities, such as
CAD and diabetes mellitus, that are highly prevalent
among patients with peripheral artery disease. Finally,
the rate of complications specific to the surgical cen-
tre is also influenced by factors such as surgical vol-
ume, operator experience and availability of resources,
all of which can influence the correct estimation of
surgical risk.

The next steps in cardiac risk assessment depend on
the risk estimate derived from the above indices as well
as the urgency of the procedure (FIC. 2). For emergency
surgery, guidelines state that the benefit of proceeding
to surgery without delay generally outweighs any
risk associated with forgoing additional evaluation''.
However, in an elective or even time-sensitive setting,
the need for additional cardiac evaluation is contingent
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Fig. 1| Pathogenesis of perioperative myocardial ischaemia in patients with CAD. Summary of the multifactorial
aetiology and pathogenic mechanisms of perioperative myocardial ischaemia in patients with coronary artery disease
(CAD) undergoing non-cardiac surgery. Perioperative myocardial ischaemia can result from either coronary oxygen
supply—demand mismatch or acute thrombosis. Several surgery-related factors (depicted on the left side of the figure)
secondary to the surgical trauma, surgery-induced stress (increased sympathetic activation) and perioperative use of
anaesthesia and analgesia can trigger perioperative myocardial ischaemia. Furthermore, temporary withdrawal of
cardiovascular medications with an antithrombotic effect (antiplatelets) or an anti-ischaemic effect (B-blockers) is often
necessary throughout the perioperative period. Among patients undergoing non-cardiac surgery, the presence of CAD
increases the risk of perioperative myocardial ischaemia. CAD-related factors (depicted on the right side of the figure)
include the presence of obstructive flow-limiting coronary stenosis or vulnerable rupture-prone atherosclerotic plaques,
recent placement of a coronary stent that is not yet fully endothelialized, underlying ischaemic cardiomyopathy, and other
risk factors and comorbid conditions commonly associated with CAD (such as age, diabetes mellitus and chronic kidney

disease). TNF, tumour necrosis factor.

upon the patient’s cardiovascular risk''. Patients with a
clinical presentation suggestive of myocardial ischaemia
or acute coronary syndrome (ACS) must be promptly
evaluated by a cardiologist for optimal management
before undergoing surgery''. Furthermore, the guide-
lines recommend that patients with an estimated low
risk of perioperative adverse cardiac events (<1%) can
generally proceed to surgery without additional test-
ing, given that risk-reduction strategies are unlikely to
further improve their surgical outcomes''. Conversely,
for those at higher risk (=1%), physicians must decide
whether additional cardiovascular evaluation will alter
their perioperative management''.

Electrocardiography

Having a baseline electrocardiogram (ECG) reading is
particularly useful if postoperative ECG findings are
abnormal. However, obtaining a preoperative ECG
in asymptomatic patients without a known history of
cardiovascular disease who are scheduled for low-risk

surgery is rarely helpful’. Although some ECG abnor-
malities have been associated with postoperative
ischaemic events, these abnormalities did not provide
incremental predictive value beyond common cardio-
vascular risk factors***. Preoperative ECG is more
appropriate in patients with known cardiovascular dis-
ease or in asymptomatic patients undergoing high-risk
procedures'®'’.

Functional capacity

Determination of functional capacity is another impor-
tant step in cardiac risk evaluation. Functional capacity is
expressed in metabolic equivalents (METs), wherein one
MET is defined as the basal metabolic rate and equates to
an uptake of 3.5 ml/kg/min of oxygen. Functional capac-
ity can be estimated by asking the patient a few simple
questions related to the performance of daily activities or
by using standardized questionnaires such as the Duke
Activity Status Index (DASI)*”. Common points of ref-
erence for functional capacity include: capacity to eat,

NATURE REVIEWS | CARDIOLOGY




REVIEWS

Patient with
CAD undergoing
surgery

Emergency
| surgery

>

Non-emergency
surgery

Stable/no ACS

perioperative

Estimated risk of
perioperative
cardiac events <1%

Estimated risk of

cardiac events >1%

1 Proceed
to surgery

Functional capacity
>4 METs

Functional capacity
<4 METs
Functional capacity
unknown

Non-invasive
stress testing

Prompt cardiology

evaluation and ACS

Unstable/ACS

management

Fig. 2 | Preoperative cardiac risk assessment in patients undergoing non-cardiac surgery. The flow chart provides

a stepwise approach to guide preoperative cardiac risk assessment by detailing the key factors that clinicians must
consider when evaluating patients with established coronary artery disease (CAD) undergoing surgery. Adapted with
permission from REF.*. ACS, acute coronary syndrome; MET, metabolic equivalent. Adapted with permission from REF."?,

Elsevier.

dress or use the bathroom (1 MET); walking up a flight
of steps or uphill (4 METs); performing heavy chores
around the house or moving furniture (4-10 METs);
and strenuous physical activity and sports (>10 METs).
MET values <4 indicate poor functional capacity and
are associated with increased incidence of postopera-
tive adverse cardiac events''. The METS study*® com-
pared the prognostic accuracy of physicians’ subjective
assessment of functional capacity in patients undergoing
elective non-cardiac surgery with three alternative meas-
ures: the DASI questionnaire, cardiopulmonary exercise
testing and serum N-terminal pro-B-type natriuretic
peptide (NT-proBNP) concentrations. Subjective
assessment neither accurately identified patients with
poor cardiopulmonary fitness nor predicted post-
operative adverse outcomes, whereas DASI scores
showed significant associations with the primary out-
come of death or myocardial infarction within 30 days
of surgery™.

Non-invasive stress testing

Several modalities are used for non-invasive stress
testing, most of which combine information on both
myocardial ischaemia and objectively assessed func-
tional capacity. Stress can be induced either by exercise
or by pharmacological agents in patients with limited
exercise capacity. The few existing studies on the peri-
operative value of treadmill or cycle ergometer and
cardiopulmonary exercise testing suggest an overall
modest capacity to predict postoperative cardiovascu-
lar outcomes or improve risk prediction already derived
from clinical evaluation®’. Imaging stress tests, namely
stress echocardiography, myocardial perfusion imag-
ing and cardiac MRI, provide accurate information on
left ventricular function and structural abnormalities,
as well as the presence and extent of stress-induced
myocardial ischaemia, and might be useful for preop-
erative assessment of patients at high risk of or with
established CAD’*”. However, a 2019 meta-analysis
evaluating the effect of preoperative stress testing on
30-day mortality in patients undergoing non-cardiac

surgery generated inconclusive results, possibly owing
to the low quality and high heterogeneity of the included
studies™.

Both European and US guidelines on non-cardiac
surgery suggest forgoing stress testing if the reported
functional capacity is moderate or higher (=4 METs)'*"!
(FIC. 2). The European guidelines recommend the use
of imaging stress tests in patients undergoing high-risk
surgery who have two or more clinical risk factors and
poor functional capacity (<4 METs)". Similarly, the
US guidelines state that pharmacological stress testing
might be reasonable in patients with elevated risk and
poor or unknown functional capacity if the test findings
might affect perioperative management''.

Cardiac biomarkers

Cardiac biomarkers measured in the perioperative
setting include markers of myocardial stretching due
to volume overload (such as serum B-type natriuretic
peptide (BNP) and NT-proBNP levels) and myocardial
tissue damage (such as serum cardiac troponin levels).
Preoperative BNP and NT-proBNP levels were found
to be independent predictors of 30-day adverse cardio-
vascular event rates after non-cardiac surgery in several
meta-analyses™~*. Data from a multicentre observational
study involving 979 patients with at least one cardiovas-
cular risk factor who were undergoing elective major
non-cardiac surgery showed that preoperative assess-
ment of high-sensitivity troponin T levels adds incre-
mental prognostic information beyond that provided
by the RCRI and serum NT-proBNP levels”. A 2019
pilot study found that five out of ten patients undergo-
ing vascular surgery and presenting with asymptomatic
high-sensitivity troponin T elevation before surgery had
obstructive CAD on subsequent coronary angiography**.
In current practice, preoperative assessment of cardiac
biomarkers might be considered in patients at high risk
of cardiac complications'*”. However, guidelines also
recommend against routine preoperative biomarker
sampling for risk stratification or prevention of adverse
cardiac events'®'".
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Coronary CT angiography

Coronary CT angiography (CTA) is a non-invasive
and relatively accessible imaging modality that pro-
vides detailed morphological information on the coro-
nary anatomy, making it a promising screening tool in
patients undergoing major non-cardiac surgery with, or
at risk of, CAD. Given the proven capability of coronary
CTA to rule out suspected obstructive CAD, preopera-
tive coronary CTA evaluation might help avoid unnec-
essary pharmacological and invasive approaches. In a
single-centre study involving 844 patients undergoing
elective non-cardiac surgery, coronary CTA assessment
significantly improved the predictive value of the RCRI
for perioperative cardiac risk estimation®. In particular,
the absence of clinically significant stenosis on coronary
CTA successfully identified patients with very low rates
of perioperative adverse cardiac events regardless of
the RCRI score, thereby conferring excellent specific-
ity and negative predictive value upon coronary CTA
evaluation®’. However, in another multicentre, prospec-
tive cohort of 955 patients, preoperative coronary CTA
improved risk estimation in those who experienced
perioperative adverse cardiac events but inappropriately
overestimated risk in patients who were event-free com-
pared with the use of the RCRI alone*'. Therefore, the use
of coronary CTA in preoperative risk evaluation requires
more evidence before any clear recommendations can
be made.

Coronary angiography

Invasive assessment of coronary anatomy is not recom-
mended for perioperative risk stratification in patients
scheduled to undergo non-cardiac surgery'®'"*.
Indications for performing invasive coronary angi-
ography are the same as those in the non-surgical
setting'®'"*’. Nonetheless, the European guidelines also
state that preoperative coronary angiography might be
considered in patients with stable cardiac conditions
undergoing non-urgent carotid endarterectomy’. This
recommendation was formed on the basis of results
from a randomized trial conducted in patients without
known CAD undergoing carotid endarterectomy that
investigated the outcomes of systematic preoperative
coronary angiography and subsequent clinically indi-
cated coronary revascularization (which occurred in
31% of the patients at a median time of 4 days before
surgery)*. The number of postoperative myocardial
ischaemic events, combined with the rate of complica-
tions related to coronary angiography and stenting, was
significantly lower in patients who underwent systematic
preoperative coronary angiography than in those who
did not (0% versus 4%, P=0.01)*. However, the results
of this trial might be problematic, given the unrealis-
tic magnitude of the treatment effect and a potentially
compromised randomization process®.

Perioperative prevention strategies
Intraoperative measures

Given that the dominant mechanism of perioperative
myocardial ischaemia is oxygen supply-demand imbal-
ance, the main goal in the prevention of myocardial
ischaemia in patients at high risk of ischaemic events is
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to maintain an appropriate myocardial oxygen supply
via adequate coronary perfusion pressure and to mini-
mize myocardial oxygen demand (such as through heart
rate control)”*. In a large prospective cohort involving
>15,000 patients undergoing non-cardiac surgery, both
intraoperative tachycardia (heart rate >100bpm) and
hypotension (systolic blood pressure <100 mmHg) were
associated with postoperative myocardial ischaemia™.
Importantly, not only the absolute values, but also the
overall duration of haemodynamic variations, affected
the risk of adverse cardiac events'-*°. At present, how-
ever, a consensus on the threshold of harm for intraoper-
ative heart rate and blood pressure has not been reached,
because the acceptable threshold levels depend mainly
on the clinical context*. A 2019 expert collaboration
stated that systolic arterial pressure levels <100 mmHg
and mean arterial pressure levels <60-70 mmHg should
be avoided during non-cardiac surgery”. By contrast, a
multicentre randomized trial in 298 patients undergo-
ing major non-cardiac surgery showed that a strategy
of targeting individualized blood pressure goals was
superior to standardized management in reducing the
risk of postoperative organ dysfunction®. Furthermore,
intraoperative systemic hypertension has been suggested
to promote myocardial ischaemia by increasing cardiac
filling pressures and ventricular wall stress, but the clin-
ical evidence to support this association is limited*.
Postoperative hypotension and hypertension have also
been suggested to be much more common than pre-
viously reported”. To this end, implementation of a
machine learning-derived automated early warning sys-
tem that can predict hypotension shortly before it occurs
might help prevent harmful haemodynamic fluctuations
in patients undergoing non-cardiac surgery™.

The most common cardiovascular effect of com-
monly used anaesthetic agents is a reduction in systemic
vascular resistance’’. Both inhaled and neuraxial anaes-
thetics decrease sympathetic tone through a number of
mechanisms that ultimately result in vasodilatation and
possibly hypotension®*. Intravenous anaesthetics, such
as propofol, can also cause dose-dependent vasodilata-
tion with a decrease in systemic blood pressure levels™.
Despite several studies on this topic~*’, no conclusive
evidence supports the use of one type of anaesthetic over
another in preventing adverse cardiovascular effects.
Accordingly, guidelines recommend that the choice of
anaesthetic agent should be based on factors other than
prevention of myocardial ischaemia'®'".

Monitoring for myocardial ischaemia

Given that most ischaemic complications occur within
48 h of surgery and are often asymptomatic™, careful
clinical evaluation and close surveillance with ECG and
cardiac biomarker testing are encouraged in patients
at high cardiovascular risk'®''. However, the value
of routine postoperative cardiac biomarker testing
remains controversial. The VISION study™* aimed to
evaluate the prognostic importance of postoperative
troponin elevation in two separate cohorts compris-
ing >36,000 patients undergoing non-cardiac surgery.
The findings showed that elevation in troponin levels
after non-cardiac surgery occurred in up to 18% of
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patients, and peak values measured with either stand-
ard or high-sensitivity assays predicted 30-day mortality
irrespective of the concomitant presence of myocardial
ischaemic features® . These large epidemiological
studies have helped establish the diagnostic criteria for
the definition of myocardial injury after non-cardiac
surgery, which includes an increase in postoperative
serum troponin levels attributable to myocardial ischae-
mia (that is, with no evidence of a non-ischaemic aeti-
ology such as sepsis or rapid atrial fibrillation) in the
absence of ancillary features indicative of myocardial
infarction (such as symptoms of ischaemia or evidence
of ischaemia on ECG testing)***'. Given the lack of uni-
versally accepted troponin thresholds for identifying
myocardial injury, elevation of serum troponin I or tro-
ponin T levels is defined as any value above the 99th
upper reference limit for each specific troponin assay™.
The pathophysiological mechanism of myocardial injury
after non-cardiac surgery is still unclear, but findings
from studies investigating perioperative myocardial
infarction suggest that ischaemia owing to oxygen
supply-demand imbalance accounts for a majority of the
events® . In any case, the prognostic consequences of
postoperative myocardial injury seem similar to those
of an established diagnosis of myocardial infarction that
fulfils the additional ischaemic criteria®.

Elevated postoperative serum BNP levels have also
been associated with increased risk of morbidity and
mortality®®, but measurement of this biomarker has
not yet been incorporated into routine clinical prac-
tice. Findings from ongoing studies will help ascertain
the clinical utility of different cardiac biomarkers for
perioperative risk stratification and early detection of
preventable cardiovascular complications®™.

Pharmacological strategies

Antithrombotic therapy. Many elderly patients who
undergo non-cardiac surgery are prescribed with long-
term antiplatelet therapy (most commonly aspirin) for
the secondary prevention of cardiovascular events’.
The first studies that reported on the balance between
bleeding and thrombotic risk related to perioperative
maintenance of antiplatelet therapy were published
>15 years ago’"”>. The POISE-2 trial”* was the largest
randomized, placebo-controlled study to test a strat-
egy of routine perioperative aspirin administration in
10,010 patients aged 245 years with cardiovascular dis-
ease or at risk of cardiovascular complications (defined
as the presence of three or more risk criteria) who were
scheduled for non-cardiac surgery. The trial excluded
patients who received a bare-metal stent (BMS)
<6 weeks before surgery or a drug-eluting stent (DES)
<1 year before surgery. No significant difference was
observed in the primary composite outcome of death or
non-fatal myocardial infarction at 30 days between the
aspirin (7.0%) and placebo (7.1%) groups’. However,
administration of aspirin increased the risk of major
bleeding in the first 7 days after the surgery compared
with placebo. This trial provided important evidence
against the perioperative initiation or continuation of
aspirin therapy in patients with, or at risk of, cardio-
vascular disease. Nonetheless, antithrombotic therapy

might still be appropriate in certain patients if the risk of
ischaemia outweighs the risk of perioperative bleeding.
A subgroup analysis from the POISE-2 study involv-
ing 470 patients with a prior coronary stent implanted
>1 year before non-cardiac surgery found that periop-
erative aspirin therapy significantly reduced the risk of
death or non-fatal myocardial infarction”. By contrast,
the STRATAGEM trial”, which compared the effects of
maintenance or interruption of aspirin therapy before
intermediate-risk or high-risk non-cardiac surgery in
291 patients already receiving antiplatelet therapy for
secondary prevention found no difference in the occur-
rence of major thrombotic or bleeding events between
the two strategies.

Although observational data suggest a potential
survival benefit associated with aspirin use for the
treatment of perioperative myocardial infarction*, to
date, no randomized trials have evaluated this treat-
ment strategy. Moreover, given that only a minority
of patients with postoperative elevation of serum tro-
ponin levels experience ischaemic symptoms or have
a diagnosis of myocardial infarction, the optimal man-
agement strategy for these patients remains a subject
of debate®’%”. A pilot study comparing ticagrelor with
aspirin therapy in patients with troponin elevation after
major non-cardiac surgery was prematurely terminated
owing to slow enrolment’. In 2018, investigators in the
MANAGE trial” assessed the use of dabigatran therapy
to prevent major vascular complications in patients with
myocardial injury after non-cardiac surgery. Patients
who received 110 mg of dabigatran twice daily had fewer
major adverse vascular events than those receiving pla-
cebo. No significant difference was observed in the
primary safety composite end point of life-threatening,
major and critical organ bleeding’’. However, several
caveats need to be kept in mind when interpreting these
findings®. First, the trial was terminated early due to
loss of funding and slow enrolment. Second, the meas-
ured outcomes included mostly vascular end points, and
the initial primary efficacy end point of a composite
of vascular mortality, nonfatal myocardial infarction,
stroke, peripheral arterial thrombosis and sympto-
matic pulmonary embolism was broadened midway
through the trial to include amputation and sympto-
matic venous thromboembolism to increase statistical
power. Third, the rate of study drug discontinuation
was almost 50%. Finally, additional cardiac testing to
ascertain the mechanism of perioperative troponin ele-
vation was performed infrequently during the trial®.
Therefore, although certain antithrombotic therapies
have shown promising results, more research is needed
to define the optimal approach for the detection and
pharmacological treatment of perioperative myocardial
ischaemia.

Other therapies. Statins, $-blockers and renin-angiotensin-
aldosterone system inhibitors (angiotensin-converting
enzyme inhibitors (ACEIs) or angiotensin-receptor
blockers (ARBs)) are cornerstones in the prevention of
cardiovascular events. Whether to stop or to continue
any cardiovascular medication perioperatively should
be decided on the basis of cardiac versus surgical risk'®"!
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Table 1| Perioperative management of cardiovascular pharmacotherapy

Drug class Recommendation on perioperative LoE/CoR
management ACC/AHA"  ESC/ESA™

Statins Continuation I/B I/C
Initiation if the patient requires vascular  lla/B lla/B
surgery
Initiation if clinically indicated and llb/C None
the patient requires high-risk surgery

B-Blockers  Continuation 1/B 1/B
Initiation if the patient is at high risk lIb/B lIb/B
of ischaemia®
Initiation on the day of the procedure l11/7B 111/B
or without titration

ACEls or Continuation lla/B lla/C

LGS Initiation in stable patients with HF None lla/C

and LV systolic dysfunction
Transient discontinuation in patients None lla/C
with hypertension

ACC, American College of Cardiology; ACEI, angiotensin-converting enzyme inhibitor;

AHA, American Heart Association; ARB, angiotensin receptor blocker; CoR, class of
recommendation; ESA, European Society of Anaesthesiology; ESC, European Society

of Cardiology; LoE, level of evidence; HF, heart failure; LV, left ventricular. °For the ACC/AHA
guidelines, high ischaemic risk indicates the presence of three or more Revised Cardiac Risk
Index factors, or patients with intermediate-risk or high-risk preoperative test results (level llb,
class C recommendation); for the ESC/ESA guidelines, high ischaemic risk indicates the
presence of two or more clinical risk factors or American Society of Anesthesiologists status
>3 in patients scheduled for high-risk surgery, or the presence of known ischaemic heart
disease or myocardial ischaemia.

(TABLE 1). Investigators in the POISE trial®' enrolled 8,351
patients with or at risk of CAD who were scheduled for
non-cardiac surgery, and randomly assigned them to
the extended-release metoprolol succinate group or pla-
cebo group. Metoprolol treatment was associated with
a reduction in the occurrence of myocardial infarction,
but also increased mortality and an elevated incidence of
stroke and clinically important hypotension. 3-Blocker-
related increases in the incidence of stroke and mortality
were also reported in a subsequent meta-analyses***. On
the basis of current evidence, the benefit of 3-blockers
as prophylactic agents in patients undergoing non-
cardiac surgery is unclear. Guidelines encourage periop-
erative continuation of B-blocker treatment in patients
who are already on long-term therapy, and initiation
might be considered in naive patients scheduled for
high-risk surgical procedures''".

Statins have an unequivocal role in the secondary
prevention of cardiovascular disease owing to their
favourable effects on plaque stabilization, decreas-
ing inflammation, recovery of endothelial function
and reducing thrombogenicity”’. An improvement in
in-hospital survival after non-cardiac surgery among
patients treated perioperatively with statins was observed
almost two decades ago in a propensity-matched anal-
ysis involving a large US cohort®. Several subsequent
observational studies have confirmed and extended the
advantage of perioperative statin use to improve cardio-
vascular outcomes®*’. In 2017, the LOAD randomized
trial”’ tested the efficacy of perioperative statin therapy
in statin-naive patients undergoing non-cardiac surgery
who were at high risk of vascular complications. No sig-
nificant differences in primary outcomes were observed
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between patients receiving statin and those receiving
placebo. By contrast, other randomized studies assessing
the efficacy of perioperative statin treatment in patients
already on long-term statin therapy found a signifi-
cant reduction in 30-day cardiovascular end points®”.
Therefore, despite both European and US guidelines
being formulated before some of the above-mentioned
evidence became available, recommendations to peri-
operatively continue statins in those already on chronic
treatment remain valid'®".

The pleiotropic and cholesterol-lowering effects of
statins might be protective in the perioperative period,
especially in patients undergoing vascular procedures.
In a randomized trial involving 100 patients undergo-
ing vascular surgery assigned to either 20 mg atorvas-
tatin or placebo, atorvastatin treatment was associated
with a threefold lower rate of cardiovascular events
at 6 months”. Findings from other cohort studies have
corroborated these results*. Accordingly, guide-
lines suggest considering the initiation of statins in
previously untreated patients undergoing vascular
surgery'®'’,

Whether the perioperative use of ACEIs and ARBs
should be continued at the time of non-cardiac surgery
is unclear, given that several studies have shown an
increased risk of perioperative hypotension, with var-
iable effects on cardiovascular outcomes and mortality.
In a prospective cohort of 4,802 patients receiving
ACEIs or ARBs and undergoing non-cardiac surgery,
withholding ACEIs or ARBs 24 h before surgery was
associated not only with a reduction in intraoperative
hypotension, but also a decrease in 30-day all-cause
death, stroke or myocardial injury”. However, in a
subsequent meta-analysis that included 6,022 patients
on chronic ACEI or ARB therapy, withholding these
drugs on the morning of surgery was only associ-
ated with reduction in intraoperative hypotension
and not mortality'®. Given the low quality of the
available evidence, recommendations for the use of
ACEIs or ARBs in the context of non-cardiac surgery
are not consistent between different societies. The
2017 Canadian guidelines recommend withhold-
ing ACEIs or ARBs 24 h before non-cardiac surgery
in patients on chronic therapy®. A large multicentre,
randomized, controlled trial is currently underway
and will shed light on this subject'®’.

Interventional strategies

The presence of CAD is associated with an increased risk of
perioperative adverse cardiac events. A meta-analysis
of 11 studies that assessed coronary CTA before
non-cardiac surgery showed a progressive increase in
perioperative adverse cardiac events with increasing
severity of CAD'””. Nonetheless, coronary revascular-
ization before surgery does not seem to improve peri-
operative outcomes. In the CARP trial'”, 510 patients
with stable obstructive CAD undergoing major vas-
cular surgery were randomly assigned to either pre-
planned, preoperative coronary revascularization (with
PCI or coronary artery bypass graft (CABG) surgery)
or no revascularization. At 2.7 years after randomiza-
tion, mortality was not significantly different between
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the treatment groups. The incidence of myocardial
infarction was also not different within 30 days of
surgery'””. However, a subgroup analysis of combined
registry and randomized data suggested that patients
with unprotected left main coronary artery stenosis
had improved outcomes with revascularization before
non-cardiac surgery'®. Therefore, routine prophylactic
coronary revascularization is not recommended before
non-cardiac surgery in patients who are stable and
asymptomatic for the sole purpose of reducing perioper-
ative adverse cardiac events'”"". Nonetheless, in clinical
scenarios in which preoperative revascularization is per-
formed, use of newer-generation DES is preferred over
BMS in the light of evidence demonstrating the safety
and efficacy of both polymer-free and durable-polymer
DES with only 1 month of dual antiplatelet therapy
(DAPT)!05:10¢,

Platelet function assessment

Platelet function tests enable the assessment of the
degree of on-treatment platelet reactivity in response
to a stimulating agonist. Platelet reactivity is generally
referred to as low in the case of effective platelet inhi-
bition, or high if platelet responsiveness is substantially
preserved'””. A wide variety of platelet function assays
are currently available, each with specific clinical appli-
cations. In a surgical setting, if antiplatelet therapy needs
to be preoperatively withdrawn owing to bleeding con-
cerns, sufficient time for recovery of platelet function is
required to guarantee adequate haemostatic competence.
At the same time, prolonged exposure to high platelet
reactivity while awaiting surgery might increase the risk
of thrombotic complications, particularly in patients
with an indication for DAPT%. Several scientific socie-
ties have issued standard timeline recommendations for
preoperative antiplatelet discontinuation, which essen-
tially depends on the type of drug and surgery'®”-'"".
However, such a ‘one size fits all’ approach does not take
into account the well-documented inter-individual var-
iability in pharmacodynamic responsiveness (especially
to clopidogrel) and recovery of platelet function after
antiplatelet drug discontinuation''>''*. To this end,
point-of-care platelet function monitoring might help
identify patients who can safely proceed to surgery as
soon as platelet reactivity has been restored'”. A num-
ber of observational studies have examined the benefit
of preoperative platelet function monitoring in reduc-
ing bleeding complications after cardiac surgery, and
guidelines have advocated for their use to inform timing
of cardiac surgery in patients receiving DAPT or P2Y
purinoceptor 12 (P2Y,,) inhibitors"'*!'*''*. Another
potential role for platelet function testing is to guide
management of perioperative bleeding associated with
cardiac surgery-related coagulopathy within the context
of blood transfusion algorithms'*'".

The clinical utility of platelet function testing is less
clear in patients undergoing non-cardiac surgery. The
BIANCA observational study'* explored the association
between platelet reactivity and bleeding in 197 patients
treated with clopidogrel with or without aspirin dur-
ing the 7 days before surgery. The incidence of bleed-
ing was found to decrease with increasing recovery of

platelet function, thereby suggesting that an individual-
ized preoperative waiting period derived from objective
assessment of platelet reactivity rather than a stand-
ard prespecified waiting period might better predict
bleeding and guide the timing of the procedure even in
patients undergoing non-cardiac surgery'*.

Coronary stents and non-cardiac surgery

Up to 25% of patients undergoing coronary stent implan-
tation require non-cardiac surgery in the subsequent
2 years'”'. Compelling evidence from observational
studies indicates that among all surgical candidates,
those with a coronary stent experience higher rates of
both ischaemic and bleeding complications in the peri-
operative period'**'*’. Of note, ascertainment bias might
have affected the findings from these observational stud-
ies, because the probability of diagnosing an event is
potentially higher in patients with prior coronary stents
owing to closer perioperative monitoring and troponin
surveillance®.

In the early era of PCI, the first case series docu-
mented catastrophic outcomes in patients undergoing
non-cardiac surgery within a few weeks of stent place-
ment, the majority of which were presumed to be related
to stent thrombosis'*. Stent thrombosis is a rare but
life-threatening complication of PCI with a fatality rate
as high as 45%'*, and involves the abrupt closure of the
vessel in a previously stented segment that can lead to
acute myocardial infarction and death. The pathogenic
mechanism of stent thrombosis is multifactorial and
depends on numerous patient-related, device-related
and procedure-related factors'*. Over the past 15 years,
the introduction of new stent platforms, advances in
revascularization techniques and widespread adoption of
DAPT have led to a substantial reduction in the incidence
of stent thrombosis'*. As a result, non-cardiac surgery
after PCI has become more safe and feasible, but throm-
botic risk still remains'*’. Although stent-related compli-
cations generate the most concern for both patients and
physicians, these complications are not the only factor
responsible for perioperative adverse cardiac events.
In fact, de novo coronary lesions and oxygen supply-
demand mismatch were shown to account for the major-
ity of myocardial infarctions related to non-cardiac
surgery'*»'?>1%%_In this context, the management of anti-
platelet therapy in patients with recent coronary stent
implantation assumes a major prognostic role and has
many important challenges'*. Misperception of individ-
ual thrombotic and bleeding risk in patients with recent
PCI undergoing surgery might lead to inappropriate use
of antithrombotic agents, potentially triggering rather
than preventing perioperative complications. Therefore,
defining the risk-benefit trade-off of continuing or with-
holding antiplatelet therapy requires an understanding
of the key determinants of thrombotic and bleeding risk
in the surgical setting.

Determinants of thrombotic risk

Several well-known predictors of thrombotic events
consisting of patient-related clinical and angiographic
characteristics and PCI-related features are relevant to
individuals undergoing surgery'*>'** (TABLE 2).
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Table 2 | Determinants of thrombotic risk

Determinants of
thrombotic risk?

Patient-related factors

Clinical variables

Angiographic variables
PCl-related factors
Time from PCl to surgery

Stent type

PCl complexity

Features of thrombotic risk''*'**

Recent acute coronary syndrome (<1 year)
History of multiple myocardial infarctions

History of stent thrombosis despite adequate
antiplatelet therapy

Advanced age (=75 years)

Comorbid diabetes mellitus

Comorbid chronic renal disease (eGFR < 60 ml/min)
Left ventricular ejection fraction <40%

Multivessel coronary artery disease

<1 month (high risk)

1-6 months (intermediate risk)
First-generation drug-eluting stent
Bioresorbable scaffold

Minimum of three stents implanted
Minimum of three lesions treated
Bifurcation with two stents implanted
Total stent length >60 mm

Small stent diameter (<3 mm)
Treatment of in-stent restenosis
Treatment of chronic total occlusion

Treatment of the last remaining patent coronary artery

eGFR, estimated glomerular filtration rate; PCl, percutaneous coronary intervention.
“The presence of thrombotic risk features identify patients with moderate-to-high risk of
thrombosis; stratification between moderate-risk and high-risk categories should be assessed

individually.

Clinical characteristics. In patients undergoing
non-cardiac surgery, the presence of prior coronary
stenting per se is indicative of an older and sicker sub-
group with greater prevalence of cardiovascular risk
factors'*»'?”1*1. As in the general population, history
of recent myocardial infarction is among the strongest
predictors of adverse cardiac events in patients under-
going surgery'**-**. Additional key prognostic variables
include advanced age and presence of comorbid condi-
tions such as heart failure, diabetes and chronic kidney
dlseaseIZ 3,127,128,136-1 3‘).

ACS encompasses a spectrum of pathological events
associated with atherosclerotic plaque instability and
prolonged activation of the coagulation pathways'**'*!,
Patients with ACS have increased cardiovascular risk,
which remains elevated for a longer time than in patients
with chronic coronary syndromes, even after successful
revascularization'*. Accordingly, guidelines recommend
that patients with ACS be prescribed a more intensive
antiplatelet regimen''*'*’. Therefore, major surgical pro-
cedures requiring temporary interruption of antiplatelet
therapy might precipitate the risk of cardiovascular com-
plications by inducing a heightened inflammatory and
prothrombotic status, especially in patients with recent
ACSI4—1—14(V-
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Angiographic characteristics. The anatomical extent
and complexity of CAD correlate with the risk of cardio-
vascular events after PCI and are of paramount impor-
tance in guiding treatment strategy'*”'*. Patients with
high-risk vulnerable plaques on coronary CTA are more
likely to develop ACS'*>'*". Therefore, coronary plaque
burden and composition evaluated with the use of non-
invasive imaging techniques can provide further infor-
mation on the thrombotic risk of a patient undergoing
surgery. Ultimately, conditions that reduce the chance
of achieving a successful or complete coronary revas-
cularization can increase the likelihood of perioperative
cardiac events'’,

Time from PCI to surgery. The time period between
stent placement and surgery is widely reported as one of
the most important determinants of a poor prognosis,
with several studies highlighting an inverse relationship
between the risk of perioperative cardiac events and the
timing of surgery after PC[?%1*»!45146152153 Observational
data indicates that the risk of thrombotic complications
is highest when surgery is performed within 4-6 weeks
of stenting'**'**"'*%, Although thrombotic risk is gradually
attenuated over time, this risk can remain elevated for at
least 6 months and for as long as 2-3 years after PCI'*.
Of note, however, many of these studies lack adequate
controls to assess whether surgery has a truly additive
effect on the thrombotic risk of patients with recent PCI.
Indeed, even in the absence of surgical procedures, the
risk of adverse events, including stent thrombosis, pre-
vails in the initial period after PCI'*"'*. To address this
limitation in study design, a large Veterans Affairs cohort
study matched patients undergoing non-cardiac surgery
within 2 years of coronary stenting with those under-
going coronary stenting only'”. Despite a higher inci-
dence of adverse cardiac events early after PCI in both
groups, non-cardiac surgery conferred an incremental
risk that peaked if surgery occurred in the first 6 weeks
after PCI, and stabilized after 6 months'*. Consistent
findings were reported in studies comparing outcomes in
patients undergoing surgery with and without previous
stenting®'>>'%.

Different potential mechanisms contribute to this
time-dependent pattern. Given that most surgery, espe-
cially major surgery, requires perioperative interruption
of DAPT, allowing sufficient time for endothelial cov-
erage of stent struts is necessary to prevent thrombotic
complications'”’. Furthermore, a large proportion of the
surgical procedures occurring in the first few months
after PCI are implicitly associated with a higher risk than
those occurring later owing to their life-saving and thus
non-deferrable nature'*>'*,

According to the European guidelines, elective
surgery requiring discontinuation of P2Y, inhibitors
should be considered after 1 month following PCI,
irrespective of the stent type, if aspirin treatment can
be maintained throughout the perioperative period'"’.
However, in patients with ACS at the time of the index
PCI or at high thrombotic risk, elective surgery might
be postponed for up to 6 months'’. Conversely, the US
guidelines provide timeline recommendations based
on the type of stent implanted'*. Elective surgery with
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Fig. 3 | Guideline-recommended timing of non-cardiac surgery in patients on DAPT with a coronary stent. The

figure shows a comparison of the 2016 American College of Cardiology (ACC)/American Heart Association (AHA)

143 and

the 2017 European Society of Cardiology (ESC)/European Association for Cardio-Thoracic Surgery (EACTS)""? guideline
recommendations on the timing of elective non-cardiac surgery requiring discontinuation of the P2Y , inhibitor after
percutaneous coronary intervention (PCl). The US guidelines provide timeline recommendations on the basis of stent
type, whereas the European guidelines only take into consideration thrombotic risk regardless of the stent implanted.
Thrombotic risk includes presentation of acute coronary syndrome at the time of the index PCl or presence of risk factors
such as those summarized in TABLE 2. BMS, bare-metal stent; DAPT, dual antiplatelet therapy; DES, drug-eluting stent.
*If the risk of further delay of surgery is greater than the expected risk of stent thrombosis.

discontinuation of DAPT should ideally be performed
>6 months after DES implantation, but can be consid-
ered 3-6 months if the risk of delaying surgery is greater
than the risk of stent thrombosis. In patients implanted
with a BMS, surgery can be safely performed 1 month
after PCI'* (FIG. 3).

Stent type. DES were developed to address the high rates
of restenosis and repeat revascularization associated
with BMS'®’. However, the antiproliferative mechanism
through which DES maintain luminal patency mandates
longer duration of DAPT. As discussed above, the US
guidelines recommend that timing of surgery after PCI
be decided according to stent type, but the evidence in
support of this recommendation is weak'*>'**. Several
studies failed to demonstrate any relationship between
stent type and postoperative outcomes'**!***+15° By
contrast, a multicentre Italian registry described an
important interplay between timing of surgery and
stent type in relation to ischaemic events after surgery'*.
Compared with BMS, new-generation DES seemed safer
when surgery was performed 0-6 months after PCI,
whereas old-generation DES were associated with worse
outcomes at all time points'*.

In current practice, stent selection is predomi-
nantly influenced by patient characteristics and other
circumstances such as need for imminent surgery'>°.
Therefore, whether the stent type is the primary cause
of thrombotic events or merely a marker of risk remains
unclear. Additional PCI-related factors other than
stent type might plausibly have a greater influence on
patient outcomes after surgery, especially since new-
generation devices were proven safe after a short course
of DAPT'.

PCI complexity. Lesional and procedural characteristics
that increase the risk of early and late stent thrombosis
are used to define PCI complexity and include features

such as multivessel PCI, total stent length and treatment
of a bifurcation lesion with two stents'*>'*'*2, Complex
anatomy of the target lesion has been associated with
higher incidence of perioperative adverse cardiac
events'?>**1, Given that post hoc analyses of clinical
trials have demonstrated a potential benefit of extend-
ing DAPT duration to at least 12 months in patients
with complex PCI'**'**, major non-cardiac surgical
procedures requiring early DAPT interruption in these
patients warrant caution.

Determinants of bleeding risk

Characterization of bleeding risk in patients undergoing
surgery depends on two factors: the anticipated risk of
haemorrhagic complications of a specific surgery and the
presence of baseline clinical conditions that increase
the propensity for bleeding (Supplementary Table 1).

Surgery-related factors. The bleeding risk associated
with a specific surgery type is contingent on the potential
quantity of blood loss as well as the expected difficulty in
achieving local haemostasis'*’. Of note, poor haemosta-
sis might, in some surgical procedures, be clinically det-
rimental despite only a modest quantitative risk of blood
loss. On the basis of these principles, a multidisciplinary
collaboration of experts provided a practical classifica-
tion of bleeding risk for various types of interventions
across different surgical specialties'*’. However, this
formal attempt at systematically grading surgical risk
applied only to a limited number of procedures**'**. The
countless potential interventions and techniques within
a myriad of possible clinical scenarios make a single,
all-inclusive classification difficult to achieve.

Another critical aspect affecting perioperative bleed-
ing risk is related to the circumstances under which
the surgery occurs. Elective surgery might be planned
with sufficient time for careful evaluation of individ-
ual risk and restoration of platelet function if DAPT
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interruption is needed, whereas non-deferrable pro-
cedures understandably pose a higher risk of bleeding
complications'®.

Patient-related factors. Bleeding risk assessment
before an invasive procedure involves obtaining infor-
mation on previous bleeding events, the presence of
pro-haemorrhagic clinical and comorbid conditions,
and any medications that might interfere with clotting
activity. In patients with inherited or acquired bleed-
ing disorders, such as haemophilia, platelet defects or
von Willebrand disease, there is an increased need to
focus on perioperative haemostatic care. Nonetheless,
most invasive procedures can be safely performed with
an optimal surgical plan and judicious use of haemo-
static agents and blood products'®”'**. Bleeding abnor-
malities might also be encountered in patients with
chronic kidney disease or liver disease owing to multi-
factorial mechanisms such as alterations in the coagu-
lation cascade, platelet and vessel wall dysfunction, and
reduced clearance of antithrombotic medications'®'”°.
Although studies in patients undergoing surgery have
focused mainly on those with severe and end-stage con-
ditions, the findings clearly suggest an excess in bleed-
ing complications and reduced survival'”"'”>. Anaemia
and thrombocytopenia, either previously diagnosed or
identified upon preoperative testing, usually coincide
with advanced age and multiple comorbidities, and thus
represent strong predictors of mortality and the need for
perioperative blood transfusion'”*-"7. Notably, a 2019
academic collaboration provided a consensus-based
definition of high bleeding risk in patients undergoing
PCI that encompasses most of the above-mentioned
criteria'”’.

Perioperative antiplatelet management

Premature DAPT discontinuation is an undisputed
predictor of stent thrombosis'>**>175-1% Nevertheless,
the effect of antiplatelet therapy withdrawal in patients
undergoing non-cardiac surgery has long been debated™.
A landmark analysis from the PARIS registry'”® sug-
gested that a temporary DAPT interruption driven by
the need for surgery increases the risk of adverse cardiac
events only if DAPT withdrawal occurs within 6 months
of PCIL. However, the control group in this analysis were
all patients who remained on DAPT, irrespective of
whether they underwent surgery.

Most data on perioperative antiplatelet management
are derived from small observational studies that are
limited by exposure to non-randomized variables'®'. In
addition, all such studies were conducted on patients
who actually underwent surgery. Therefore, exclu-
sion of patients who had cancellations of their surgery
because of an adverse event after DAPT interruption but
before the scheduled procedure introduced an important
selection bias'*.

To date, the available evidence to guide perioper-
ative antiplatelet management in patients with a stent
remains controversial'®'. Numerous studies have not
demonstrated any significant association between
adverse cardiac events and antiplatelet therapy at the
time of surgery"**"**>>!% Conversely, other studies
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have shown that interrupting DAPT in patients with
recent coronary stenting increases the risk of adverse
outcomes, especially if interruption occurred early
after PCI, for both aspirin and thienopyridine ther-
apy, and >5 days before surgery'**'*-"¥". With regard to
surgical bleeding risk, the causative role of antiplate-
let therapy is more intuitive and the evidence more
consistent”>'#»'¥-1% In general, when interpreting the
observational data, antiplatelet management should be
considered as a marker of the perceived thrombotic and
bleeding risk more than as an effect modifier. Before
randomized trial data that can inform on the role of
perioperative antiplatelet therapy in patients with a
coronary stent become available, large prospective reg-
istries are needed to characterize current real-world
practice and ascertain the burden of this public health
issue (TABLE 3).

Recommendations. In line with current guidelines,
the perioperative management of antiplatelet therapy
requires a multidisciplinary discussion between the
cardiologist, the surgeon and other perioperative care
specialists (such as the anaesthesiologist) to assess the
trade-off between thrombotic and bleeding risk'*>!'%'*3,
Of note, many risk factors are associated with both
bleeding and thrombosis, because these two condi-
tions can frequently coexist'**!”’. To further compound
matters, the risk of thrombotic events is heightened
in patients who experience perioperative bleeding
events’>'?>!!, This complex conundrum is reflected in
the delicate balance between thrombosis and bleeding
preventative strategies. However, given the absence of
conclusive evidence to support specific recommenda-
tions, current guidelines provide only limited insights
and general guidance''"'*. To address this gap in
knowledge, a number of expert collaborations from
different national societies have issued practical rec-
ommendations to standardize antiplatelet management
in various surgical settings on the basis of the predicted
individual risk of thrombotic events and the anti-
cipated risk of bleeding complications'**'*>'? (TABLE 4).
Overall, most surgical procedures can be safely per-
formed in patients who are on aspirin therapy, except
for the procedures associated with a very high risk of
haemorrhagic complications'**!*>*2, In patients with
an indication for DAPT owing to recent stent implan-
tation or ACS, if elective surgery requires discontinua-
tion of the P2Y , inhibitor therapy, postponing surgery
beyond the recommended DAPT course should always
be considered and weighed against the possible impli-
cations of this delay. If surgery is time-sensitive and not
deferrable beyond timeline recommendations, consid-
erations for bridging with an intravenous antiplatelet
agent should be made if DAPT needs to be discon-
tinued. A proposed algorithm summarizing perioper-
ative management of antiplatelet therapy in patients
with CAD with or without coronary stents is shown
in FIG. 4.

The optimal duration of antiplatelet therapy dis-
continuation before non-cardiac surgery corresponds
to the minimal time interval that allows offsetting of
the bleeding risk associated with the antiplatelet effect.
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Table 3 | Ongoing studies on the perioperative management of patients at risk of cardiovascular complications

Study name

Study design
patients

Cardiac risk assessment

MET-REPAIR

Prospective 15,000

observational
registry

Perioperative management

PROTECT

PRINCE

NORMALIZE

iPEGASUS

Randomized,
single-blind,
controlled trial

5,100

Randomized,
double-blind,
sham-controlled
trial

1,100

Randomized, 420
single-blind,

controlled trial

Randomized, 380
single-blind,

controlled trial

Pharmacological strategies

POISE-3

STOP-or-
NOT

ORION

Randomized, 10,000
double-blind,
placebo-controlled

trial with partial

factorial design

Randomized,
open-label,
controlled trial

2,222

Randomized, 600
double-blind,
placebo-controlled

trial

Number of Study aims

Determine the capacity

of metabolic equivalent
(estimated using a
questionnaire) to predict
perioperative cardiovascular
events and improve risk
stratification of established
risk scores

Evaluate the efficacy of
aggressive perioperative
warming

Assess the efficacy of
preoperative remote
ischaemic preconditioning
in patients with ongoing
or recently suspended
antiplatelet therapy

Compare standardized
BP management with
individualized BP
management using
noradrenaline infusion

Test the efficacy

of perioperative,
algorithm-driven
haemodynamic therapy on
the basis of individualized
fluid and cardiac output
optimization

Aim 1: evaluate the efficacy
of perioperative tranexamic
acid in preventing bleeding
complications

Aim 2: determine the efficacy
of a hypotension-avoidance
strategy in preventing
adverse vascular events

Assess the effect of
perioperative RAAS inhibitor
management in patients

on chronic RAAS-inhibitor
therapy

Evaluate the efficacy of
perioperative metoprolol
therapy

Study intervention

NA

Aggressive thermal
management (target
intraoperative core
temperature 37.0-37.5 °C)
versus routine thermal
management (>35.5 °C)

Three cycles of 5-min
ischaemic preconditioning
through a BP cuff inflated
to 200mmHg, followed by
5-min reperfusion while the
cuff is deflated

Standardized BP
management (target
mean BP >65mmHg and
systolic BP <160 mmHg)
versus individualized BP
management (target of
20% variation from
preoperative BP)

Individualized goal-directed
therapy versus established
basic treatment goals

Aim 1: tranexamic acid (1 g)
20min before the procedure
and another dose (1 g) at the
end of the procedure versus
placebo

Aim 2: perioperative
hypotension-avoidance
strategy versus perioperative
hypertension-avoidance
strategy

Perioperative continuation
versus discontinuation (48 h
before surgery) of RAAS
inhibitor therapy

Up to three intravenous
doses of 5 mg of metoprolol
before extubation, followed
by 25 mg oral metoprolol
three times aday for 72 h

Primary outcome

In-hospital cardiovascular
mortality, non-fatal
cardiac arrest, acute MI,
stroke or congestive
heart failure

Myocardialinjury,
non-fatal cardiac arrest
or all-cause mortality at
30 days

Myocardialinjury at
1 week

Myocardial injury at 1 day

Morbidity and mortality
at 28 days

Aim 1: life-threatening,
major or critical organ
bleeding at 30 days
(superiority); presence of
MI, non-haemorrhagic
stroke, peripheral
arterial thrombosis

or symptomatic
proximal venous
thromboembolism at
30 days (non-inferiority)

Aim 2: vascular death,
MI, stroke or non-fatal
cardiac arrest at 30 days

All-cause mortality or
major postoperative
complications at 28 days

Myocardialinjury at 72h

Refs

230

232

233

234

235

101,236
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Table 3 (cont.) | Ongoing studies on the perioperative management of patients at risk of cardiovascular complications

Study name Study design Number of Study aims Study intervention Primary outcome Refs
patients
Pharmacological strategies (cont.)
IMPROVE Randomized, 230 Evaluate the efficacy of Levosimendan infusion Serum NT-proBNP levels 238
double-blind, perioperative levosimendan  (12.5mg) started after at 5 days
placebo-controlled therapy surgical skin incision
trial
COPMAN Randomized, 180 Determine the feasibility Colchicine (0.6 mg) 1h Number of eligible 239
double-blind, of perioperative colchicine before surgery, then a patients recruited in
placebo-controlled therapy 0.6-mg dose twice daily 3 months (primary
trial for 7 days or until hospital outcome); myocardial
discharge injury at 7 days
(secondary outcome)
Antiplatelet management
ASSURE-DES Randomized, 900 Assess the safety and efficacy  Aspirin versus no All-cause death, stent 240
open-label, of perioperative antiplatelet  antiplatelet therapy thrombosis, Ml or stroke
controlled trial therapy 12 months at 30 days
after drug-eluting stent
implantation
CNCS Prospective 12,000 Investigate the NA Death, Ml, ischaemic 23
observational contemporary stroke, need for urgent
registry antithrombotic management revascularization, or
of patients referred for bleeding from 14 days
cardiac and non-cardiac before non-cardiac
surgery while on chronic surgery to 30 days after
antiplatelet and/or non-cardiac surgery
anticoagulant therapy
MONET Randomized, 140 Assess the safety of Cangrelor infusion Residual platelet 21
BRIDGE double-blind, preoperative bridging with (0.75 pg/kg/min) started reactivity within 1-2h

placebo-controlled

trial

cangrelor therapy in patients
undergoing non-deferrable
cardiac or non-cardiac

after P2Y, inhibitor therapy
discontinuation throughout
the preoperative period

of infusion initiation
(primary outcome); BARC
3-5 bleeding at 30 days

surgery who discontinue
P2Y, inhibitor therapy

(secondary outcome)

BARC, Bleeding Academic Research Consortium; BP, blood pressure; MI, myocardial infarction; NA, not applicable; NT-proBNP, N-terminal pro-B-type natriuretic
peptide; P2Y,,, P2Y purinoceptor 12; RAAS, renin—angiotensin—aldosterone system.

Discontinuation of oral P2Y , inhibitors should be judi-
ciously timed according to the date of surgery. The mini-
mum delay for non-cardiac surgery after P2Y , inhibitor
discontinuation is 5 days for clopidogrel, 3 days for tica-
grelor and 7 days for prasugrel''’. However, these time
frames vary according to different national and spe-
cialty guidelines, with a recommended discontinuation
period for P2Y , inhibitors as long as 7-10 days before
surgery'®>!'>12 If aspirin also needs to be interrupted,
the clearance of its irreversible antiplatelet effect requires
7-10 days (corresponding to the average lifespan of a
platelet) for complete turnover of circulating platelets.
Nonetheless, full restoration of aspirin-inhibited platelet
function is not necessary to achieve sufficient haemo-
static competence'**~'*. Therefore, discontinuing aspi-
rin 3-5 days before surgery might be sufficient for most
major invasive procedures®'*>'%.

After surgery and once haemostasis has been achieved,
oral P2Y , inhibitors should be restarted with a loading
dose as soon as possible (optimally within 48 h)"'%'*.
In patients at high risk of bleeding complications, clopi-
dogrel should be favoured over more potent agents. If
gastrointestinal function is impaired postoperatively
(such as in patients who have undergone abdominal
surgery), intravenous infusion of antiplatelet agents can

be used until recovery'*.

Non-deferrable surgery

Restoration of platelet function

If urgent or emergency major procedures are indicated
in patients on antiplatelet therapy, restoration of platelet
function might be attempted via platelet transfusion'”'%.
Platelet transfusions should be given only after the active
metabolites of the oral antiplatelet agents are no longer
detectable in the bloodstream to avoid inhibition of
the newly transfused platelets. In particular, platelet
transfusions should be avoided within 4-6 h of the last
dose of thienopyridine and 10-12 h of the last dose of
ticagrelor'””. However, these time constraints might
limit the feasibility of platelet transfusions, especially
in situations that require immediate neutralization
of the antiplatelet effect that is causing the excessive
bleeding.

At present, rapid-acting reversal agents for antiplate-
let drugs are not commercially available. A recombinant
human monoclonal antibody-based antidote for ticagr-
elor is currently under clinical development and has
already shown promising results in healthy volunteers™”.

Bridging protocols

Bridging of antiplatelet therapy involves a temporary shift
from an oral to an intravenous antiplatelet regimen'*>*"".
The reason for considering an intravenous agent is the
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rapid onset and offset of its antiplatelet effects. This
strategy might be useful in patients on DAPT under-
going non-deferrable surgery, in whom withholding
or continuing antiplatelet therapy entails a prohibitive
risk of either thrombotic or bleeding complications'*.
Of note, bridging patients requiring DAPT implies
the use of an antiplatelet, and not an anticoagu-
lant, agent®'. Indeed, perioperative use of parenteral
anticoagulants (such as unfractionated heparin and
low-molecular-weight heparin) is associated with an
increased risk of bleeding”>***. Moreover, unfractionated
heparin is an inducer of platelet activation that potentially
favours the occurrence of thromboembolic events* >,
Cangrelor and small-molecule glycoprotein IIb/IIIa
(GPIIb/IIIa) inhibitors are the only intravenous anti-
platelet agents available for clinical use, but the two
drug types have different pharmacological proper-
ties?2% (FIG. 5). Cangrelor induces immediate plate-
let inhibition through reversible binding of the P2Y ,
receptor. Given the short half-life of cangrelor (3-5 min),
platelet function is restored within 30-60 min of ces-
sation of infusion*”. Cangrelor has been evaluated
as a bridging therapy for surgery in the randomized,
placebo-controlled, phase II BRIDGE trial*'’, which
involved thienopyridine-treated patients undergo-
ing CABG surgery. This trial included a dose-finding
phase, which identified a dosing regimen defined as
‘thienopyridine-like’ that did not suppress platelet reac-
tivity to the extent of the PCI dosing regimen of cangre-
lor, with the goal of minimizing bleeding complications
when used as a bridging agent. However, real-world data
on clinical experience remain limited”'!. The MONET
BRIDGE trial is currently underway and will help to
uncover the utility of cangrelor in patients who need
to discontinue DAPT because of non-cardiac surgery
within 12 months of stent placement*'*.
Small-molecule GPIIb/IIIa inhibitors (eptifibatide
or tirofiban) provide nearly complete suppression of
platelet aggregation by targeting the GPIIb/IIIa recep-
tor on the platelet surface?””. In contrast to cangrelor,
no dedicated bridging dose regimen with GPIIb/IIIa
inhibitors has been established. GPIIb/IIIa inhibitors
are currently used at the PCI dose known to have a

Table 4 | Perioperative antiplatelet management according to thrombotic and

bleeding risk

Bleeding risk Thrombotic risk

Low

Low Aspirin: continue®

P2Y,, inhibitor: stop

Intermediate

High Aspirin: stop®
P2Y,, inhibitor: stop

Aspirin: continue®

P2Y,, inhibitor: stop

Intermediate High
Aspirin: continue

P2Y,, inhibitor:
continue

Aspirin: continue

P2Y,, inhibitor:
continue?

Aspirin: continue

P2Y,, inhibitor: stop

Aspirin: continue
P2Y,, inhibitor: stop
Consider bridging
Aspirin: continue

P2Y,, inhibitor: stop

Aspirin: continue®
P2Y,, inhibitor: stop
Consider bridging

Based on REFS3%1%>192 P2Y . P2Y purinoceptor 12.*Except for neurosurgery.*Consensus-based
recommendations among different surgical specialties show partial agreement.

slower offset of action, and require dose adjustments in
patients with reduced creatinine clearance****"*. Overall,
these characteristics increase the potential for periop-
erative bleeding complications and have resulted in
reduced frequency of the use of GPIIb/IIIa inhibitors in
contemporary practice, being mainly limited to bail-out
situations for large intraprocedural thrombus burden®”.
Although small-molecule GPIIb/IIIa inhibitors might
be considered an alternative to cangrelor for perioper-
ative bridging, specific data from patients with recent
stent implantation undergoing non-deferrable surgery
are scarce, and previous experience in other clinical
settings suggests that concern over safety in their use is
Warrantedli)&ll'«i,zl‘}.

According to the European guidelines, a bridging
strategy with intravenous antiplatelet agents might be
considered if both aspirin and P2Y,, inhibitor ther-
apy have to be discontinued perioperatively, especially
within 1 month of PCI'"’. By contrast, the US guidelines
do not provide specific recommendations on bridging
and acknowledge the absence of convincing evidence in
support of this practice’.

Perioperative management of OAC therapy

Two key scenarios involving the management of patients
with CAD on oral anticoagulant (OAC) therapy under-
going non-cardiac surgery can occur, which essentially
depend on whether the patient has had previous PCIL.
A patient with previous PCI can theoretically be referred
for surgery while on triple antithrombotic therapy,
dual antithrombotic therapy or OAC therapy alone®".
Conversely, patients with stable CAD who have not had
PCI will generally be on OAC therapy alone, unless a
high risk of ischaemic events is perceived that outweighs
the risk of bleeding, justifying the addition of a single
antiplatelet agent”'**". However, this strategy is not sup-
ported by the results of the 2019 AFIRE trial**’, which
demonstrated that the addition of aspirin or a P2Y ,
inhibitor to rivaroxaban increased the risk of all-cause
death. Given that OAC use in the setting of non-cardiac
surgery is a risk factor for bleeding, considerations on
the risk-benefit trade-off of antithrombotic therapy
might lead to re-evaluation and simplification of the
initial antiplatelet strategy in patients with CAD with or
without a coronary stent'”’.

Approximately one quarter of patients on OAC ther-
apy require temporary interruption within 2 years of
initiation of therapy owing to the need for an invasive
procedure”. In warfarin-treated patients, the BRIDGE
trial*** showed that foregoing bridging anticoagulation
is non-inferior to bridging with low-molecular-weight
heparin with regard to the incidence of arterial thrombo-
embolism, and is associated with fewer bleeding events.
In the PAUSE study*”, standardized risk-adjusted proto-
cols to guide perioperative non-vitamin K OAC (NOAC)
interruption without heparin bridging or coagulation
testing were associated with overall low rates of major
bleeding and arterial thromboembolism.

The 2018 European Heart Rhythm Association
guidelines on the use of NOACs in patients with atrial
fibrillation provide practical recommendations for
their perioperative management on the basis of surgical
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Patients with CAD
referred for NCS

A

Indication for DAPT

¢ PCl <6 months
¢ ACS <12 months

Urgency of NCS

N

f

!

Urgent or emergency surgery

Bleeding risk outweighs

thrombotic risk?

Elective surgery

NCS requires DAPT
discontinuation?

Time-sensitive surgery

DAPT management depends on
thrombotic versus bleeding risk

No

Consider:

* Platelet transfusion
¢ Reversal agents*

lYes

No lYes

Postpone NCS |—/

)

Indication for SAPT (aspirin)

* No PCl or PCI =6 months
* No ACS or ACS =12 months

v
A
{ )

>

Urgent or Elective or time-sensitive surgery
emergency || SAPT (aspirin) management depends
surgery on thrombotic versus bleeding risk

Proceed to surgery

Fig. 4 | Proposed algorithm for perioperative management of antiplatelet therapy in patients with CAD referred
for non-cardiac surgery. Perioperative management of antiplatelet therapy in patients with coronary artery disease
(CAD) referred for non-cardiac surgery (NCS) primarily depends on the clinical indication for the antiplatelet therapy.

In patients receiving dual antiplatelet therapy (DAPT) because of a recent percutaneous coronary intervention (PCl) or
acute coronary syndrome (ACS), the first step is to determine the urgency of surgery. In case of emergency (that is, required
to be in the operating room within 6 h) or urgent procedures (that is, required to be in the operating room between 6-24 h),
the use of platelet transfusion or antiplatelet reversal agents might be considered before proceeding to surgery if the
bleeding risk is high and outweighs the thrombotic risk. A time-sensitive procedure (that is, whereby a surgical delay of
1-6 weeks will negatively affect outcomes) allows sufficient time to manage perioperative DAPT on the basis of individual
evaluation of bleeding versus thrombotic risk (TABLE 4). Elective procedures requiring discontinuation of DAPT owing to
bleeding risk concerns should be postponed beyond the recommended DAPT course. In patients with an indication for
single antiplatelet therapy (SAPT; most commonly aspirin) undergoing non-emergency or non-urgent NCS, the decision
to continue SAPT perioperatively must be made on the basis of individual evaluation of bleeding versus thrombotic risk.
*At present, no reversal agents are available for antiplatelet drugs; an antidote for ticagrelor is under clinical development.

bleeding risk**. Minor surgical procedures with mini-
mal bleeding risk can be safely performed without NOAC
interruption. In invasive surgeries with low bleeding
risk, the last dose of NOAC should be taken 24 h before
the procedure if renal function is normal. In the setting
of renal dysfunction, the timing of NOAC interruption
should be carefully adjusted according to the estimated
creatinine clearance, especially in patients receiving
dabigatran. For surgical procedures associated with a
high risk of bleeding, these time intervals are doubled.
In keeping with the results of the BRIDGE*"* and
PAUSE*” trials, bridging is not recommended”**. NOAC
therapy can be resumed as early as 6-8 h after surgery,
although this interval can be longer depending on the
haemostatic conditions.

At present, no specific recommendations have been
made for the perioperative management of patients
treated with a combination of OAC and antiplatelet
agents. However, evidence derived from other clinical
settings can be used to guide the treatment strategy.
The risk of thromboembolic events in patients with
atrial fibrillation who are not on OAC therapy has been
shown to increase gradually over time?>***. Conversely,
thrombotic events associated with the cessation of anti-
platelet therapy in patients with recent stent implantation
tend to occur, most often, immediately after withdrawal

of platelet inhibition'”®. The differential effect of OAC
compared with antiplatelet therapy on bleeding compli-
cations remains unclear and largely depends on the type
and combination of agents being considered, but histor-
ical evidence suggests that aspirin monotherapy is the
safest regimen in terms of bleeding risk*””. Furthermore,
perioperative interruption of NOAC therapy might be
more practical than interruption of antiplatelet therapy
owing to their rapid offset of action and proven safety
even in the absence of bridging protocols’”. Together,
these observations suggest that in patients with both
atrial fibrillation and recent PCI on dual or triple
antithrombotic therapy who are referred for non-cardiac
surgery, perioperative maintenance of antiplatelet ther-
apy and interruption of OAC treatment might often be
the most appropriate strategy.

Finally, if an emergency intervention is required,
OAC therapy should be promptly interrupted. For
urgent procedures, reversal of dabigatran with idaru-
cizumab should be considered””®. The use of andex-
anet alfa as an antidote for factor Xa inhibitors has
not been studied in the setting of non-deferrable
surgery””. If specific reversal agents are not available,
use of prothrombin complex concentrates is a viable
option. Urgent procedures should be deferred, if pos-
sible, for 12-24 h after the last NOAC dose. In such
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a [Low—dose aspirin continued throughout]
Wash out Start Stop s Resume
oral P2Y,, inhibitors cangrelor cangrelor urgery cangrelor*
Days Follow-up
7 6 -5 -4 -3 -2 - -6hto-1h 0 +1hto+6h until discharge
Stop Stop Start
prasugrel || clopidogrel clopidogrel
or ticagrelor
b [Lowfdose aspirin continued throughoutj
[
Wash out Start top s Resume
oral P2Y,, inhibitors small-molecule GPI small-molecule GPI urgery small-molecule GPI*
Days -
i -6hto-4h 0 +4hto+6h holloalli

-7 -6 -5 -4 -3 -2 -1

Stop
prasugrel

Stop

clopidogrel

or ticagrelor
Fig. 5 | Perioperative bridging protocols in patients on DAPT undergoing
non-cardiac surgery. a | The figure shows a bridging protocol with
cangrelor. A bridging-dose regimen of cangrelor (0.75 pug/kg/min) can be
started at the time of the next expected dose of the oral P2Y purinoceptor
12 (P2Y,,) inhibitor. However, given the presence of residual platelet
inhibition after discontinuation of dual antiplatelet therapy (DAPT), the
infusion can be postponed for up to 3—4 days after the last dose of prasugrel
and 2-3 days after the last dose of clopidogrel or ticagrelor. Infusion with
cangrelor should be stopped 1-6 h before surgery. After surgery, clopidogrel
therapy should be restarted with a loading dose (300-600 mg) as soon as the
bleeding risk is acceptable. Prasugrel and ticagrelor administration is
discouraged early after surgery. b | The figure shows a bridging protocol
using the small-molecule glycoprotein lIb/llla inhibitor (GPI) tirofiban or
eptifibatide. A bridging dose of small-molecule GP! (tirofiban 0.1 ug/kg/min
or eptifibatide 2.0 ug/kg/min) should be started 3-4 days after the last dose

until discharge

Resume
clopidogrel

of prasugrel and 2-3 days after the last dose of clopidogrel or ticagrelor, and
stopped 4-6 h before surgery. In patients with impaired renal function
(creatinine clearance <50 ml/min), dose reduction (tirofiban 0.05 pg/kg/min
or eptifibatide 1.0 pg/kg/min) and earlier pre-procedural discontinuation
(between 8 h and 12 h) of small-molecule GPI is warranted. Post-surgery
management is as described in panel a. *If oral administration of P2Y,,
inhibitors is not possible, postoperative bridging with cangrelor might be
considered. *If oral administration of P2Y,, inhibitors is not possible,
postoperative bridging with small-molecule GPl might be considered. Parta
adapted with permission from Angiolillo et al. International expert
consensus on switching platelet P2Y12 receptor-inhibiting therapies.
Circulation 136, 1955-1975 (2017)*°°, Wolters Kluwer. Part b adapted with
permission from Capodanno. & Angiolillo Management of antiplatelet
therapy in patients with coronary artery disease requiring cardiac and
noncardiac surgery. Circulation 128, 2785-2798 (2013)*"/, Wolters Kluwer.

situations, a full panel of coagulation assays should be

obtained®*.

Conclusions

the perioperative management of DAPT in patients
with recent coronary stenting raises the most concern.
Although this ambiguity might partly be a knee-jerk
reaction to past experiences of late stent thrombosis with

Patients with CAD are a vulnerable subgroup of the popu-
lation undergoing non-cardiac surgery owing to their
increased susceptibility to adverse cardiac events caused
by surgical stress. Clinical decisions regarding preoper-
ative risk assessment and perioperative management are
complex and need to be individualized. The estimation
of the cardiac risk specific to each patient is contingent
on the careful evaluation of the clinical profile within the
context of the type and urgency of the surgical procedure.
During the past two decades conflicting evidence on the
role of different pharmacological and interventional strat-
egies aimed at reducing perioperative complications in
patients with established cardiovascular disease has been
generated, leaving several questions unanswered (BOX 1).
These uncertainties have resulted in international socie-
ties issuing recommendations with limited applicability
to daily practice. In particular, ambiguity surrounding

first-generation devices, there remains a subset of surgical
patients in whom perioperative withdrawal of antiplatelet
therapy could be potentially fatal. As a general rule, the
postponement of elective non-cardiac surgery should be
considered until completion of the recommended DAPT
course. If the surgery cannot be deferred, the decision to
continue or withhold antiplatelet therapy must involve
all multidisciplinary specialists involved in perioperative
care. Such a collaborative approach is critical to under-
standing the relative influence of several patient-related
and surgery-related factors on the risk of bleeding and
thrombotic complications. Bridging protocols with
intravenous antiplatelet agents have been proposed for
the perioperative management of selected patients at high
risk of cardiac complications; however, clinical data in
support of these practices are still limited. Ultimately, as
the treatment paradigm of CAD keeps evolving, there
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Box 1| Non-cardiac surgery in patients with CAD: gaps in knowledge

Individualized treatment is crucial for optimizing clinical outcomes in patients at high risk of cardiac complications
undergoing non-cardiac surgery, but can only be achieved through a direct collaboration between the various medical
specialties involved in perioperative care. Research has evolved in different directions to address the numerous issues
within this multidisciplinary field. Advances in cardiac risk assessment, intraoperative monitoring and treatment in patients
undergoing non-cardiac surgery have contributed to the progressive decline in risk-adjusted mortality. Nonetheless,
important gaps in knowledge still exist and many proposed risk-reduction strategies have yet to be proven effective.
Although research efforts should continue to aim for the most rigorous scientific evidence through randomized clinical
trials, alternative study designs that are more feasible and inexpensive (such as observational registries and pragmatic
registry-based trials) are also necessary to advance our knowledge on the many aspects relevant to this patient population.

Cardiac biomarkers

Widespread availability of cardiac biomarker assays has highlighted prognostic implications of perioperative myocardial
injury, especially in asymptomatic patients®*****”. However, the aetiology of this phenomenon is complex and often involves
multiple mechanisms that are not always apparent or preventable. Whether prompt and systematic detection of cardiac
biomarker levels has the potential to translate into a real clinical benefit remains unclear. Identification of actionable
causes leading to the elevation of cardiac biomarkers is essential for the identification of appropriate treatment strategies.

Cardiac imaging

Advanced cardiac imaging modalities, such as coronary CT angiography and cardiac MR, allow accurate morphological
and functional assessment of the myocardium, and are thus valuable tools for perioperative screening and risk stratification
of patients with coronary artery disease (CAD)***'. However, given that these techniques are limited by high costs and
patient exposure to ionizing radiation, pharmacological stressors and contrast media, detailed recommendations on their
appropriate use in the perioperative setting are needed.

Platelet function

Tailoring the timing of surgery on the basis of platelet function assessment in patients who require preoperative
discontinuation of antiplatelet therapy is an example of an individualized management strategy to improve outcomes,
shorten the length of hospital stay and reduce costs. Studies have consistently demonstrated a strong association
between levels of platelet reactivity and risk of bleeding and thrombosis, but the clinical applications of platelet function
assessment remain limited'". Dedicated clinical trials are needed to define the appropriate cut-off values of platelet
reactivity that dictate when surgery can be safely performed.

Intraoperative measures
Growing data suggest that individualizing goals for perioperative haemodynamic management can reduce surgical

complications*®. Development of artificial intelligence-based systems might help facilitate prompt detection and response
to imminent adverse events’. Despite limited evidence on this topic, initial findings are promising and dedicated research

is underway.

Management of antiplatelet therapy
Advances in stent technology, adoption of intravenous antiplatelet bridging regimens and the development of novel
therapeutic targets will inevitably alter the perioperative management of patients with CAD undergoing surgery, with
the possible advantage of reducing surgical waiting times in those who have undergone recent stent implantation.
Prospective studies are needed to assess how contemporary advances in both drug and device therapy will change
clinical practice and inform future updates of guideline recommendations.

remains a compelling need for evidence that is relevant to
amore contemporary population. Refined stent technol-
ogies and novel therapeutic targets, including inflamma-

tion, have broadened the armamentarium of treatment

options in patients with CAD. Whether these innovations
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