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Abstract
The perioperative management of a cardiac-patient candidate to non-cardiac surgery (NCS) remains a topic of considerable 
debate. In recent years, the overall tendency from professional societies has been to delineate how to identify and manage 
high-risk patients following the best evidence. However, significant concerns persist, especially in the care of intermediate-
risk patients (also labeled at “acceptable” risk), who may not fit into the categories of “completely healthy” or “critically 
ill”, but that might still encounter dramatic (and unexpected) perioperative events. The specific interest and main goal of this 
expert viewpoint pertains to the care of cardiac patients scheduled for NCS, addressing central questions of real-life clini-
cal care that practicing anesthesiologists and cardiologists face daily, discussing recent American College of Cardiology/
American Heart Association (ACC/AHA), European Society of Cardiology/European Society of Anaesthesiology (ESC/
ESA), and Canadian Cardiovascular Society (CCS) guidelines. The viewpoint aims to discuss few of the important topics 
pertaining perioperative assessment and management: type of NCS and perioperative cardiac events, risk prediction including 
testing, and perioperative management of cardiac therapy. The fact that cardiac adverse events have reduced in number mostly 
due to better preoperative management and prevention should not prompt a reduction in clinical evaluations. While debate 
remains pertaining the most appropriate way to evaluate patients for NCS within international societies, a comprehensive 
approach-evaluation best recognized to assess functional and heart status, should be maintained, keeping into consideration 
the surgical procedure and global health management.

Keywords  Perioperative management · Preoperative optimization · Cardiac patient for non-cardiac surgery · Pre-anesthesia 
evaluation

Introduction

The perioperative management of a cardiac patient’s candi-
date to non-cardiac surgery (NCS) remains a topic of con-
siderable debate [1]. In recent years, the overall tendency 
from professional societies has been to delineate how to 
identify and manage high-risk patients following the best 

evidence [2–4]. However, significant concerns persist, espe-
cially in the care of intermediate-risk patients (also labeled 
at “acceptable” risk), who may not fit into extreme catego-
ries of “completely healthy” or “critically ill,” but might 
encounter dramatic (and unexpected) perioperative events 
actually. The modern clinical approach based on precision 
medicine, combined with population-based management and 
large-scale databases analysis (i.e., large hospitals health 
networks), recently provides more efficient care (at reason-
able cost) [5], and replaces the previous models based on 
cohort databases (i.e., Framingham model) [6, 7]. While this 
approach undoubtedly offers advantages (i.e., identification 
of rare events and actual incidence of moderate outcomes), 
its value primarily depends on which indicators are evalu-
ated and how accurately they are assessed, results in poten-
tially biased by under-reporting [2, 6]. In this context of 
uncertainty, expert consensus documents and international 
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guidelines [2–4] are welcome to practically summarize 
evolving evidence into handy recommendations suggest-
ing what to do (or not) in clinical practice; however, recent 
recommendations endorsed by different scientific societies 
do not concur on many topics of discussion, making the 
picture quite intricate [2–4]. The specific interest of this 
viewpoint pertains to the care of cardiac patients scheduled 
for NCS, addressing central questions of real-life clinical 
care that practicing anesthesiologists and cardiologists face 
daily, discussing recent American College of Cardiology/
American Heart Association (ACC/AHA), European Society 
of Cardiology/European Society of Anaesthesiology (ESC/
ESA), and Canadian Cardiovascular Society (CCS) guide-
lines [2–4].

An epidemiological perspective

Epidemiological “crude” data give an idea of the magni-
tude of the problem. Worldwide, cardiovascular and cer-
ebrovascular complications due to NCS represent a potential 
source of morbidity and mortality for the about 300 million 
patients annually [3, 4]. The rate of major complications 
(including cardiac death, non-fatal MI, or ischemic stroke) 
approximates to 1 every 33 hospitalizations for NCS [5]. 
Moreover, these data mostly express short-term events and 
oversee sub-clinical cardiovascular deterioration that can 
negatively impact long-term outcomes [5]. Common car-
diovascular risk factors (i.e., hypertension, diabetes melli-
tus, and obesity) are highly frequent (and often present in 
combination), in subjects referred for NCS [5]. One in every 
four patients (20–25%) undergoing NCS has known cardio-
vascular disease (CVD), and in 5% of cases, atherosclerosis 
involves two or more vascular beds [5]. Recently, an adverse 
trend in the prevalence of cardiovascular risk factors and 
diseases in NCS patients (about 1% per year) has also been 
reported. Unexpectedly, in contrast to the steady increase in 
cardiovascular risk burden of the last few decades, the fre-
quency of perioperative cardiac complications over the same 
period declined [5]. This outcome paradox is likely to derive 
from multiple factors, such as the improvement in medical 
management of cardiac patients, advances in surgical and 
anesthesiology techniques, and progress in post-operative 
care (i.e., early mobilization) [5]. Thus, continuous imple-
mentation of perioperative strategies is needed to maintain 
this favorable trend in outcomes, considering the announced 
aging and increasing comorbidities of our patients in the 
next future [5].

Type of NCS and cardiac complications

The perioperative risk for adverse cardiac events signifi-
cantly depends on the type of surgery, including urgency and 
duration of the procedure. Elective endoscopic, laparoscopic, 

and endovascular procedures are generally considered at 
lower risk of perioperative complications, as compared with 
open techniques. To give examples, major surgeries address-
ing aorta, lungs, duodeno-pancreas, and liver are usually 
considered at high risk of short-term complications (more 
than 5%), and in these cases, a careful perioperative assess-
ment is needed. Of note, currently adopted models used to 
classify different types of surgery according to their level 
of risk generally focus on 30-day outcomes, resulting not 
entirely applicable to the strictly perioperative period [3].

Prediction and prevention of perioperative risk

The prediction and prevention of cardiovascular complica-
tions in NCS remain a primary concern in perioperative 
care. Physicians daily estimate perioperative risk integrat-
ing different strategies, such as risk scores and biomarkers, 
mainly focusing on the dreadful cardiac conditions they are 
concerned with [i.e., myocardial infarction (MI), dysrhyth-
mias, heart failure (HF), and valvular heart disease (VHD)]. 
Cardiac risk is complex and polyhedral (i.e., ischemic, dys-
rhythmic, hypotensive/shock, and chronic condition exacer-
bations), and an evidence-based and objective approach is 
firmly required in the perioperative setting, although clinical 
decisions rely too often on unreliable and subjective health 
indicators yet.

Risk scores For surgeons, cardiologists, and anesthesiolo-
gists, it is important to quantify in numbers patients’ risks. 
To carry out this delicate task, current guidelines recom-
mend the use of clinical risk prediction models (i.e., risk 
scores and indices) to define patient’s risk profile objectively. 
The 2014 ESC/ESA and AHA/ACC guidelines [3, 4] rec-
ommend using (without preference) different tools, such as 
the Revised Cardiac Risk Index (RCRI) [8], the American 
College of Surgeons National Surgery Quality Improvement 
Program (ACS NSQIP) Surgical Risk Calculator [6], and the 
myocardial infarction or cardiac arrest (MICA) calculator 
[7]. Differently, the 2017 CCS guidelines recommend the 
use of the RCRI over the others, despite this index lack of 
external validation and objective assessment of functional 
status. Moreover, Canadian guidelines raise concern about 
the possible risk underestimation using the ACS NSQIP and 
MICA indices due to the absence of systematic measure-
ment of perioperative troponin [2]. To date, the reliability 
of different scores is still debated. The point is still that rec-
ognition of falsely low-risk (concealed high risk) patients 
remains inaccurate (more or less) for all. Cardiovascular 
risk factors are scarcely reported (and often with low sig-
nificance) into risk scores, and varies largely amongst them. 
Moreover, the problem of acute perioperative exacerbations 
or worsening of chronic cardiac conditions is not actually 
taken into account and remains largely unaddressed.
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Authors’ viewpoint: the use of risk indices may be 
implemented in clinical practice to assess perioperative 
risk objectively; however, their reliability in non-high-risk 
patients needs further validation.

Biomarkers International guidelines differ substantially 
regarding their attitude towards biomarkers monitoring. 
Regarding natriuretic peptides, the ACC/AHA position is 
prudent, considering the lack of strong evidence. Indeed, 
while acknowledging their incremental value in predicting 
cardiac events (especially for patients with or at high risk 
for HF), they do not indicate any perioperative timing or set-
ting for their measurement. Opposing this waiting position, 
CCS guidelines state that BNP or NT-proBNP should be 
pre-operatively measured in patients considered at high risk 
for clinical characteristics, presence of CVD, and risk indi-
ces. Canadian recommendations also note the importance 
of age in the decision-making based on the VISION study, 
which showed how patients with ≥ 65 years or 45–64 years 
of age with known CVD had a baseline risk > 5% for 30-day 
cardiovascular complications, whereas those without had 
less than 2.0% of risk [2, 9]. Similar to Canadian, the ESC/
ESA recommendations suggest to limit pre-operative or 
post-operative BNP/NT-proBNP measurement in high-risk 
patients, like those with known or suspected HF or coronary 
artery disease (CAD), poor functional capacity (METs ≤ 4), 
or abnormal risk indices (RCRI value > 1, Apgar score < 7), 
discouraging their use in stable cardiac conditions.

As for natriuretic peptides, the benefits of perioperative 
troponin monitoring are not well established, as excessive 
concerns in the case of weakly positive results might lead to 
inappropriate coronary angiography and hospital stay pro-
longation. The occurrence of perioperative MI, both type 1 
(due to stress-induced rupture of vulnerable plaques) and 
type 2 (due to perioperative demand–supply ischemia), rep-
resents one of the principals responsible for poor cardiac 
outcome after NCS. Dosing troponins might be useful to 
recognize early perioperative MI (occurring in about 1% of 
NCS patients, associated with a fivefold increase in the risk 
of mortality) [10], and myocardial injury after cardiac sur-
gery (MINS) (reported in about 20% of patients, associated 
with two-to-fourfolds increase in 30-day mortality) [11]. As 
perioperative MIs fulfill the definition of MI, in this case, 
invasive management is expected to reduce adverse events 
[10, 12]. Differently, MINS is strictly an enzymatic diag-
nosis (post-operative hsTnT ≥ 65 ng/L or between 20 and 
65 ng/L with an absolute change ≥ 5 ng/L), and its treat-
ment remains controversial, although recent data suggest 
a net benefit of Dabigatran therapy in these patients [11]. 
Discordance amongst guidelines on troponin measurement 
reflects the sparsity of evidence. CCS guidelines stress the 
importance of MINS in predicting adverse outcome, and 
recommend monitoring troponin for 48–72 h after surgery 
in patients considered at higher risk for perioperative events, 

as those with elevated NT-proBNP/BNP, RCRI score ≥ 1, 
known CVD, or ≥ 65 years. While the ESC/ESA guidelines 
substantially agree with this position, the ACC/AHA guide-
lines consider troponin measurement appropriate only for 
patients suspected of having ongoing myocardial ischemia, 
giving less importance to troponin rise in the absence of 
symptoms to simplify (maybe oversimplifying) the burden 
of perioperative tests.

Authors’ viewpoint: while perioperative biomarkers 
monitoring, including natriuretic peptides and troponin, 
is recommended in patients considered at higher risk for 
myocardial ischemia and dysfunction, current evidence does 
not support their routine measurement in unselected NCS 
patients.

Perioperative non‑invasive testing

Non-invasive tests assessing myocardial dysfunction or 
ischemia have a key role in perioperative risk assessment, as 
they can indicate the need for medical therapy optimization, 
and, in proper cases, of coronary angiography. However, 
strict criteria should be applied to avoid their inappropriate 
use before surgery. The battery of cardiovascular non-inva-
sive tests is wide, and mainly includes resting ECG, cardiac, 
and vascular ultrasound (US) (for the neck, the abdominal 
aorta, and legs), and stress tests [13].

•	 ECG 12-lead ECG is a widely available and inexpensive 
test able to identify cardiac diseases and influence anes-
thesia. Hence, it should be recorded in nearly all patients, 
becoming mandatory in all symptomatic patients (i.e., 
for CAD, dysrhythmias, VHD, and HF), and not strictly 
necessary only in asymptomatic low-risk patients [3, 13].

•	 Cardiac US The benefit of pre-operative US examination 
is not well established. Heart US allows the exclusion 
of major cardiac conditions, evaluating systolic/diastolic 
function and valvular status. This test should be consid-
ered pre-operatively only in the case of new or worsening 
signs or symptoms suggestive of cardiovascular deterio-
ration, whereas it is usually unnecessary in patients with 
known and stable cardiac conditions not contributing to 
reducing the risk of major complications [14].

•	 Vascular US This test can be considered appropriate in 
patients with known neurologic or vascular disease (i.e., 
previous stroke and peripheral atherosclerosis). Regard-
ing the use of carotid US for lowering the risk of perio-
perative stroke, definitive evidence is lacking [13].

•	 Stress tests Exercise or pharmacological stress tests 
should be recommended in patients with known CAD or 
at high risk for ischemia (i.e., multiple clinical risk fac-
tors and impaired functional capacity) [3]. The most used 
is currently the exercise ECG test that permits the evalua-
tion of functional capacity, heart rate and blood pressure 
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response, and ischemic ST-segment changes. In specific 
populations (i.e., older patients with insufficient physi-
cal fitness), a pharmacological stress test with echocar-
diography or myocardial scintigraphy is recommended 
alternatively. In a recent study investigating the clinical 
impact of routine pre-operative dobutamine stress echo 
in candidates for NCS [15], the low rate of major events 
among different risk groups (0% in low risk and 0.8% in 
high risk) invalidates the use of this test in unselected 
populations. Therefore, current risk categories are prob-
ably not suitable for the selection of which patients can 
actually benefit from stress tests. Accordingly, Canadian 
guidelines deemphasize the importance of stress testing, 
recommending more often the use of biomarkers for 
screening patients (potentially reducing costs and delays 
of surgery).

Authors’ viewpoint: while non-invasive tests may be per-
formed if it is expected the results will influence the periop-
erative and operative management (i.e., medications optimi-
zation), the availability of objective measures and estimation 
of patient functional status and perioperative cardiac risk 
are lacking and often jeopardize the patient course in real-
life clinical care.

Perioperative medications

The appropriate management of common perioperative 
medications also remains controversial.

Beta-blockers (BBs) A definite answer to the question 
of whether perioperative use of BBs is of benefit remains 
elusive. In a large registry including 136,745 propensity-
matched patients, exposure to BBs on the day of or following 
surgery is associated with a lower mortality risk (relative 
risk [RR] 0.73; P < 0.001) and a lower rate of non-fatal MI 
or cardiac arrest (RR, 0.67; P < 0.001), with a crescent ben-
efit with increasing risk [16]. However, a recent Cochrane 
meta-analysis of 35 randomized controlled trials reports a 
significant potential increase in the risk of all-cause mortal-
ity (RR 1.25) and cerebrovascular events (RR 1.59), only 
partially balanced by a reduction in MI (RR 0.73) [17]. Con-
sidering these data, in daily practice, the use of periopera-
tive BBs should be managed with caution. Of importance, 
concomitant clinical conditions potentially at risk for BBs-
related complications (i.e., pre-existing conduction disorders 
and medications lowering blood pressure) should be taken 
into account in the assessment of risk–benefit ratio.

Authors’ viewpoint: among patients taking BBs chroni-
cally (i.e., for CAD, tachydysrhythmia, stable HF), therapy 
should be continued (including on the day of surgery), and 
the optimal dosage of BBs should be selected to avoid hypo-
tension and bradycardia. Among BBs naïve patients, therapy 
initiation should be considered for patients at higher risk 

for cardiac complications. In this case, the initial low dose 
should be prescribed at least 1 week before (but preferen-
tially 4–6 weeks prior) the intervention and a careful up-
titration of the drug must be pursued.

Statins Potential benefits deriving from statins in the 
perioperative period has been intensely discussed, as large 
cohort studies report an overall clinical benefit at the expense 
of a negligible increase in the risk of cardiac adverse events 
[18]. In the the Vascular Events in Non-cardiac Surgery 
Patients Cohort Evaluation (VISION) study [18], includ-
ing a matched population of 2845 patients on statins and 
4492 controls, pre-operative statins show a significant 17% 
reduction in the risk of the primary endpoint (a composite 
of all-cause mortality, MINS, or stroke at 30 days), approxi-
mately halving the risk of all-cause mortality (RR, 0.58; 
P = 0.003), and cardiovascular death (RR, 0.42; P = 0.004). 
The Authors’ conclusion rightly called for the need for con-
firmatory data from large randomized studies. However, the 
more recent lowering the risk of operative complications 
using atorvastatin loading dose (LOAD) trial [19] has not 
confirmed those results. In this study, randomizing to either 
atorvastatin or placebo, 648 statin-naïve patients scheduled 
for NCS and considered at high risk for cardiac complica-
tions, statins administration was completely neutral, not 
reducing cardiovascular complications [19]. An important 
limitation of the study was the inadequate sample size, 
considering that a number of patients tenfold higher (about 
7000 subjects) should have been enrolled to show signifi-
cant results. Current international guidelines do not actively 
support perioperative initiation of statins in naïve patients 
scheduled for NCS, but they all concur continue this therapy 
in patients already treated.

Authors’ viewpoint: statins continuation up to the day 
of surgery should always be recommended (to be further 
investigated whether holding them on the day of surgery may 
significantly remove protection), as well as early resump-
tion (a window for the cardiac protection not established) in 
patients chronically treated by taking into account potential 
benefits and the minimal risk of adverse events. In naïve 
patients, a common-sense recommendation could be to ini-
tiate statins in patients considered at high cardiovascular 
risk, in those who could benefit from lowering cholesterol 
levels independently (and beyond) perioperative care. In this 
regard, if we can suppose a protective effect on endothelium 
and cardiovascular system in the setting of surgery, statins 
initiation 4–6 weeks before the NCS might maximize their 
potential benefits.

Antiplatelet and anticoagulant medications Patients 
receiving antithrombotic therapy undergoing NCS 
are numerous, and they can require temporary treat-
ment changes or withdraw [2, 3, 12, 20]. Thrombotic 
and hemorrhagic risk should be assessed carefully tak-
ing into account surgery type, potential consequence for 
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thrombotic complications (especially if life-threatening, 
i.e., stent thrombosis), severity of bleedings (according 
to the likelihood of achieving effective hemostasis), and 
patient’s characteristics (i.e., kidney/liver disease, his-
tory of the previous spontaneous bleedings). In patients 
on dual antiplatelet therapy and recent stent implantation, 
NCS should ideally be delayed until the risks of stopping 
antiplatelets are acceptable. In the case of nondeferrable 
surgery, a general recommendation is to continue aspirin, 
and discontinue oral P2Y12 5–7 days before surgery (to 
resume with loading dose after 24–72 h) [12, 21]. The use 
of infusive bridging therapy with short half-life antiplate-
let agents (i.e., cangrelor, tirofiban) has also been sug-
gested to offer an additional stent safety perioperatively 
[12, 21]. For anticoagulants, the introduction and diffu-
sion of direct oral anticoagulants (DOACs) simplified for 
several aspects the practical management of periopera-
tive anticoagulation (i.e., not needing INR monitoring), 
but potentially added complexity by multiplying possible 
therapeutic schemes. In general, anticoagulants should be 
stopped pre-operatively (without bridging therapy with 
heparin) approximately 5 days before for warfarin (with 
a target INR of < 1.5), and 1–4 days before for DOACs 
(depending on creatinine clearance rate and bleeding 
risk). Practically, anticoagulants can usually be reintro-
duced after 24 h, although this decision should always be 
discussed with the surgeons, and postponed after 48 h in 
high-risk patients for post-operative bleedings [20].

Authors’ viewpoint: the introduction of novel antico-
agulant and antithrombotic agents has provided practical 
advantages in the perioperative care of cardiac patients. 
Considering the variety of therapeutic options and 
schemes, modifications of perioperative therapy should 
be discussed by a multidisciplinary team to adapt treat-
ment case by case.

Conclusions

Perioperative care of cardiac patient candidates for NCS 
surgery is an important aspect of clinical care. The fact that 
cardiac adverse events have reduced in number mostly due 
to better pre-operative management and prevention should 
not prompt a reduction in appropriate clinical evaluation. 
While debate remains pertaining the most appropriate way 
to evaluate patients for NCS within international societies, a 
common sense, but comprehensive approach–evaluation of 
cardiac risks, major and intermediate, as well as appropriate 
testing best recognized to assess functional and heart status, 
should be maintained, keeping into consideration the surgi-
cal procedure, yet maintaining a conservative disposition 
towards global health management.
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