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C ase Presentation: A 75-year-old 
man with hypertension and a his-

tory of stable coronary artery disease 
(CAD) presents to your office 1 month 
before an elective total knee replace-
ment. He states that he underwent per-
cutaneous coronary intervention (PCI) 
with a drug-eluting stent (DES) to his 
left anterior descending coronary artery 
2 years ago. His medication regimen 
includes daily aspirin 81, clopidogrel 
75 mg, amlodipine 10 mg, lisinopril 5 
mg, and atorvastatin 40 mg. He does 
not smoke cigarettes. Recent laboratory 
data reveal normal renal function. He 
asks what he can do to reduce the car-
diovascular risks of noncardiac surgery.

The Clinical Problem
Perioperative cardiovascular complica-
tions are a source of morbidity and mor-
tality for >200 million patients worldwide 
who undergo noncardiac surgery each 
year. In large cohorts and randomized tri-
als, perioperative myocardial infarction 
(MI) occurs in up to 6.2% of surgeries.1–4

Pathogenesis of Perioperative 
Cardiovascular Events

The pathogenesis of cardiovascular 
events in the postoperative period is 

complex (Figure). Induction of anes-
thesia, surgical trauma, bleeding, ane-
mia, hypoxia, and postoperative pain 
lead to surges in catecholamines, cor-
tisol production, and a hypercoaguable 
state. Inflammatory cytokines, includ-
ing tumor necrosis factor-α, interleu-
kin-1, interleukin-6, and C-reactive 
protein, rise in the postoperative 
period. Increased platelet activation 
contributes to the thrombotic milieu.5 
Tachycardia and elevations in blood 
pressure increase coronary artery sheer 
stress and can precipitate coronary 
plaque destabilization, plaque rup-
ture, coronary thrombosis, and type 1 
MI. Postoperative myocardial necro-
sis and infarction may also be caused 
by imbalances in myocardial oxygen 
supply and demand from tachycardia, 
hypotension, hypoxia, or anemia in 
the setting of stable CAD (type 2 MI). 
Microvascular coronary disease, endo-
thelial dysfunction, and excess activa-
tion of inflammatory pathways may be 
contributing mechanisms but require 
further study.

Methods of Risk Stratification
Systematic evaluation of perioperative 
cardiovascular risk is recommended 

before noncardiac surgery. Risk pre-
diction models provide quantitative 
estimates of risk (Table  1). Current 
American Heart Association/American 
College of Cardiology guidelines rec-
ommend preoperative noninvasive risk 
stratification to evaluate for myocardial 
ischemia in patients with poor func-
tional capacity and an elevated risk for 
noncardiac surgery, because abnormal 
myocardial perfusion imaging and 
stress echocardiography are powerful 
predictors of postoperative cardiovas-
cular events.6 Noninvasive anatomic 
testing with coronary computed tomo-
graphic angiography before noncardiac 
surgery is a promising approach that 
requires further study.

Perioperative Medical 
Therapy

Aspirin
Aspirin is a potent, irreversible inhibi-
tor of cyclooxygenase-1 that blocks 
thromboxane A2 production, prevents 
platelet aggregation, and mitigates 
thrombotic risks at a cost of increased 
bleeding. Although aspirin has a clear 
role in the secondary prevention of 
vascular disease, uncertainty regarding 
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the efficacy and safety of periopera-
tive aspirin use prompted the second 
Perioperative Ischemic Evaluation 
(POISE-2) trial, which randomly 
assigned 10 010 patients at risk for 
vascular complications to either peri-
operative aspirin or placebo before 
noncardiac surgery.3 At 30 days, there 
was no difference in death or nonfa-
tal MI (7.0% versus 7.1%, P=0.92), 
but aspirin use was associated with 
excess of major bleeding (4.6% ver-
sus 3.8%, P=0.04). No benefit of 
aspirin was observed in any prespeci-
fied subgroup analyses, regardless of 
Revised Cardiac Risk Index (RCRI) 
score or aspirin use before randomiza-
tion.3 However, fewer than a quarter of 
the patients in POISE-2 had a history 
of CAD, only 4.7% had a history of 
PCI, and only 1.2% had DES, raising 
questions about whether patients had 
sufficient perioperative risk to demon-
strate a benefit of perioperative aspirin. 
Although POISE-2 trial results do not 
support routine perioperative aspirin 
initiation, there is insufficient evidence 
to conclude whether perioperative 
aspirin cessation is safe in patients with 
previous coronary stent implantation. 

Thus, individualized risks of throm-
botic complications and perioperative 
bleeding must be considered when for-
mulating a treatment strategy in certain 
high-risk groups.

Statins and Lipid-Lowering 
Therapy
Lipid lowering with statin therapy is a 
promising approach to reduce periop-
erative cardiovascular events. A retro-
spective, propensity-matched analysis 
of 204 885 patients undergoing noncar-
diac surgery demonstrated that patients 
prescribed lipid-lowering agents in the 
first 2 days of hospitalization had a sig-
nificantly reduced in-hospital mortality 
(adjusted odds ratio, 0.62; 95% confi-
dence interval, 0.58–0.67).7 A meta-
analysis of randomized, controlled 
trials and observational studies in vas-
cular surgery, including the controver-
sial Dutch Echocardiographic Cardiac 
Risk Evaluation Applying Stress 
Echo III (DECREASE III) study by 
Poldermans and colleagues8 in which 
perioperative fluvastatin was associ-
ated with a 53% reduction in death or 
MI, reported that perioperative statin 
use was associated with a significant 

reduction in the composite of MI, 
stroke, and death (odds ratio, 0.45; 
95% confidence interval, 0.29–0.70).9 
In contrast, a 2013 Cochrane review of 
randomized, controlled trials of statins 
in unselected noncardiac surgery 
that excluded studies by Poldermans 
reported insufficient evidence to con-
clude that perioperative statins reduce 
adverse cardiovascular events.10 Based 
on available clinical trial data, clini-
cally indicated statins should be con-
tinued in the perioperative period of 
noncardiac surgery. Initiation of statin 
therapy before surgery should be con-
sidered for patients undergoing vascu-
lar surgery (class IIa, level of evidence 
[LOE] B), and may be considered 
for other patients with indications for 
lipid-lowering therapy and elevated 
surgical risks (class IIb, LOE C).6

β-Blockers
β-Blockers prolong coronary diastolic 
filling time, decrease myocardial wall 
stress, mitigate myocardial oxygen 
supply-demand mismatch, and can 
prevent MI. The POISE trial, the larg-
est trial of perioperative β-blockade to 
date, randomly assigned 8351 patients 
to extended-release metoprolol suc-
cinate 100 mg or placebo within 2 to 
4 hours before noncardiac surgery, 
with continuation of therapy (with a 
metoprolol dose of 100–200 mg/d or 
placebo) for 30 days.2 Although fewer 
patients in the group randomly assigned 
to metoprolol had nonfatal MI, nonfa-
tal cardiac arrest, or cardiovascular 
death (5.8% versus 6.9%, P=0.039), 
β-blocker therapy was associated with 
a higher incidence of all-cause mortal-
ity (3.1% versus 2.3%, P=0.0317) and 
stroke (1.0% versus 0.5%, P=0.0053), 
raising safety concerns.2 Only 43% of 
patients enrolled in POISE had a his-
tory of CAD, and <20% had ≥3 pre-
operative RCRI risk factors. Indeed, in 
retrospective cohort studies of patients 
undergoing major noncardiac surgery, 
perioperative β-blocker therapy was 
associated with reduced in-hospital 
mortality among high-risk (RCRI ≥2), 
but not low-risk patients.11 In addi-
tion, all subjects in POISE began the 

Figure. Pathogenesis of perioperative cardiovascular events. Multiple 
perioperative events and cardiovascular factors may contribute to the 
development of myocardial necrosis and infarction. CAD indicates coronary 
artery disease.
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study drug within 1 day of surgery, but 
studies suggest that longer durations 
of β-blocker administration before 
surgery are associated with improved 
outcomes.12

In summary, the utility of perioper-
ative β-blocker therapy remains ques-
tionable. Patients prescribed outpatient 
β-blockers should continue therapy in 
the perioperative period (class I, LOE 
B) in the absence of bradycardia or 
hypotension.6 Patients with known 
ischemic heart disease at a high risk 
for perioperative MI, or those with ≥3 
RCRI risk factors, may warrant initia-
tion of β-blockers before surgery (class 
IIb, LOE B). However, β-blocker ther-
apy should not be started on the day of 
surgery, a recommendation endorsed by 
current guidelines.6 The optimal timing 

of initiation and dose of perioperative 
β-blockade is uncertain, and prospec-
tive trials are necessary. However, it is 
reasonable to begin therapy >1 week 
before surgery to determine safety and 
tolerability, and even longer preopera-
tive durations may be preferable.

Venous Thromboembolism 
Prophylaxis
Venous thromboembolism (VTE) is 
a significant adverse event following 
major orthopedic surgery. In addition 
to early mobilization and mechanical 
VTE prophylaxis in the postoperative 
period, a number of pharmacologi-
cal agents have been studied, includ-
ing aspirin, warfarin, unfractionated 
heparin, low-molecular weight hepa-
rins, fondaparinux, and new oral direct 

thrombin and factor Xa inhibitors, 
dabigatran, rivaroxaban, apixaban, 
and edoxaban. Guidelines from 2012 
endorse the use of any of these agents 
for VTE prophylaxis after orthopedic 
surgery (grade 1B), but recommend 
low-molecular weight heparins in 
preference to other alternatives (grade 
2B/C).13 In the Pulmonary Embolism 
Prevention (PEP) trial, which randomly 
assigned 17 444 patients undergoing 
hip surgery to 35 days of aspirin or 
placebo, perioperative aspirin reduced 
the risk of postoperative VTE by 34% 
(17%–47%, P=0.0003).14 Although 
aspirin was beneficial in comparison 
with placebo, there are few data com-
paring aspirin with anticoagulation. 
A meta-analysis (16 trials, n=38 747) 
comparing the new oral anticoagulants 

Table 1.  Comparison of Perioperative Risk Calculators

Goldman Index of Cardiac 
Risk (1977)

Revised Cardiac Risk Index 
(1999)

NSQIP Perioperative MI and 
Cardiac Arrest (MICA) Risk 

Calculator (2011) NSQIP Universal Surgical Risk Calculator (2013)

Criteria • �Jugular venous 
distention or a third heart 
sound on auscultation

• Recent MI within 6 mo
• ≥5 PVCs per min
• �Nonsinus cardiac rhythm 

or PACs on preoperative 
ECG

• Age >70
• Aortic stenosis
• �Intraperitoneal, 

intrathoracic, or aortic 
surgery

• Any emergency surgery

• Cerebrovascular disease
• Ischemic heart disease
• �History of congestive 

heart failure
• �Insulin therapy for 

diabetes mellitus
• �Serum creatinine ≥2.0 

mg/dL
• �Planned high-

risk procedure 
(intraperitoneal, 
intrathoracic, or vascular 
surgery)

• Age
• ASA class
• Creatinine
• Preoperative function
• �Procedure type (anorectal 

surgery, aortic, bariatric, 
brain, breast, cardiac, 
ENT, foregut/hepato-
pancreatobiliary, 
gallbladder/appendix/
adrenal/spleen, intestinal, 
neck, obstetric/gynecologic, 
orthopedic, other abdomen, 
peripheral vascular, skin, 
spine, thoracic, urology, 
vein)

• Age group, y
• Sex
• Functional status
• Emergency case
• ASA class
• Steroid use for chronic condition
• Ascites within 30 d preoperatively
• System sepsis within 48 h preoperatively
• Ventilator dependent
• Disseminated cancer
• Diabetes mellitus
• Hypertension requiring medication
• Previous cardiac event
• �Congestive heart failure in 30 d 

preoperatively
• Dyspnea
• Current smoker within 1 y
• History of COPD
• Dialysis
• Acute renal failure
• BMI class
• CPT-specific linear risk

Outcome Intraoperative/ 
postoperative MI, 
pulmonary edema, VT, 
cardiac death

MI, pulmonary edema, 
ventricular fibrillation, 
complete heart block, 
cardiac death

Intraoperative/ 
postoperative MI or cardiac 
arrest within 30 d

Cardiac arrest, MI, all-cause mortality within 
30 d

Derivation set ROC 0.61 0.76 0.88 0.90 (cardiac arrest or MI) 0.94 (mortality)

Validation set ROC 0.701 0.806 0.874 Not reported

ASA indicates American Society of Anesthesiologists; BMI, body mass index; COPD, chronic obstructive pulmonary disease; CPT, Current Procedural Terminology; 
ENT, ear nose and throat; MI, myocardial infarction; NSQIP, National Surgical Quality Improvement Program; ROC, area under the receiver operating characteristic curve 
(C statistic); PAC, premature atrial contractions; PVC, premature ventricular contraction; and VT, ventricular tachycardia.
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versus enoxaparin for VTE prophylaxis 
after total hip or knee replacement 
demonstrated a 35% significant reduc-
tion in symptomatic VTE with no sig-
nificant difference in clinically relevant 
bleeding or net clinical benefit.15

Patients With Coronary 
Artery Disease

Coronary artery disease complicates 
the care of patients who require non-
cardiac surgery. Routine perioperative 
coronary angiography and prophylac-
tic revascularization are not recom-
mended before noncardiac surgery in 
contemporary guidelines because of 
an absence of benefit.6 The Coronary 
Artery Revascularization Prophylaxis 
(CARP) trial compared coronary revas-
cularization with a strategy of medical 
management in 510 patients with sig-
nificant CAD who were scheduled to 
undergo nonurgent vascular surgery.16 
In CARP, 59% of patients randomly 
assigned to revascularization under-
went PCI with early generations of bare 
metal stents, and 41% underwent coro-
nary bypass surgery. The median delay 
to noncardiac surgery was 36 days. 
There were no differences in 30-day 
(3.1% versus 3.4%, P=0.87) and long-
term (22% versus 23%, P=0.92) mor-
tality after 2.7 years of follow-up. The 
CARP trial excluded patients with 
left main disease or severely reduced 
ejection fraction, and the effect of pre-
operative revascularization before non-
cardiac surgery in these populations is 
uncertain.

For patients with recent PCI, the 
timing of noncardiac surgery also 
remains controversial. Surgery fol-
lowing placement of a coronary stent 
is associated with increased adverse 
cardiac events because of the pro-
thrombotic and inflammatory effects 
of surgery combined with premature 
cessation of antiplatelet therapy. Risks 
are highest when surgery is performed 
within 4 to 6 weeks of a coronary inter-
vention, and recent guidelines recom-
mend delaying elective surgery by ≥30 
days after placement of a bare metal 
stents or ≥1 year for DES (class I, LOE 
B) based on early studies.17 A large 

retrospective cohort study of Veterans 
Affairs patients undergoing noncardiac 
surgery within 2 years of a coronary 
stent demonstrated stable rates of car-
diovascular events if surgery was per-
formed at least 6 months after PCI.18 In 
this analysis, perioperative cardiovas-
cular risk was similar across stent type 
(DES versus bare metal stents) but was 
higher in patients with PCI for recent 
MI versus those with revasculariza-
tion for stable CAD.18 Based on these 
and other data,18,19 elective noncardiac 
surgery may be considered ≥180 days 
after uncomplicated elective PCI with 
DES, if the risk of further surgical 
delay is greater than the risks of isch-
emic complications (class IIb, LOE 
B).6 However, additional prospective 
studies are necessary to determine opti-
mal antiplatelet management strategies 
for patients with recent DES who need 
elective noncardiac surgery but can-
not wait the recommended minimum 
1-year delay.

Perioperative management of anti-
platelet therapy after PCI is another 
common challenge. Clinical practice 
guidelines recommend continuation 
of aspirin monotherapy after PCI in 
the perioperative period, although this 
is largely based on expert opinion. In 

contrast, perioperative continuation of 
dual-antiplatelet therapy with aspirin 
and a P2Y

12
 inhibitor is associated with 

a substantial increase in moderate and 
severe bleeding.20 The timing of with-
drawal of P2Y

12
 inhibitor therapy must 

be tailored to the pharmacokinetic 
and pharmacodynamic properties of 
each drug. Clopidogrel and ticagrelor 
should be discontinued ≥5 days before 
surgery, and prasugrel should be held 
for ≥7 days. Continuation of dual-anti-
platelet therapy can be considered for 
patients with the highest risks of peri-
operative thrombotic events or those 
with minimal surgery-specific risks of 
bleeding. Clinical trials investigating 
the use of perioperative platelet activ-
ity testing and short-acting intravenous 
antiplatelet agents are needed in certain 
high-risk patients.

Novel Approaches to 
Risk Reduction

Efforts are currently underway to 
identify novel approaches to reduce 
perioperative cardiovascular events 
in high-risk patients and to manage 
patients who develop postoperative 
myocardial injury. Intensive medical 
management with high-intensity statin 
therapy before noncardiac surgery is 

Table 2.  Strategies to Prevent and Manage Perioperative Cardiovascular Events 
Under Investigation

Prevention of perioperative cardiovascular events:

 ��� High-intensity statin Lowering the Risk of Operative Complications Using Atorvastatin 
Loading Dose (LOAD; NCT01543555)

 ��� Ranolazine Pathophysiology and Prevention of Perioperative Myocardial Injury 
(NCT01810796)

 ��� Ischemic preconditioning Preconditioning Shields Against Vascular Events in Surgery (SAVES; 
NCT01691911)
Prevention of Myocardial Injury in Non-cardiac Surgery (PIXIE; 
NCT02344797)

 ��� Combination therapy 
(ACEi, β-blocker, statin)

Optimization of Pre-surgical Testing With an Intensive Multifactorial 
Intervention to Minimize Cardiovascular Events in Orthopedic Surgery 
(OPTIMIZE-OS; NCT01837069)

Postoperative management of perioperative cardiovascular events

 ��� Ticagrelor Study of Ticagrelor Versus Aspirin Treatment in Patients With 
Myocardial Injury Post Major Non-cardiac Surgery (INTREPID; 
NCT02291419)

 ��� Dabigatran Management of Myocardial Injury After Noncardiac Surgery Trial 
(MANAGE; NCT01661101)

ACEi indicates angiotensin-converting-enzyme inhibitor.
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a particularly promising strategy to 
reduce cardiovascular events. Ongoing 
trials will refine our understanding of 
perioperative cardiovascular events 
and will determine management of 
myocardial injury after noncardiac sur-
gery (Table 2).

Case Resolution
Preoperative cardiovascular risk strati-
fication was performed. The patient 
had 1 RCRI risk factor, associated with 
a 0.9% risk of major perioperative car-
diac complications; by the National 
Surgical Quality Improvement 
Program calculator he had a 0.74% 
risk of MI or cardiac arrest and a 0.4% 
risk of death. In light of the low RCRI 
score, β-blocker therapy was not initi-
ated. Clopidogrel was discontinued 5 
days before surgery, and aspirin and 
statin were continued in the periop-
erative period. The patient underwent 
an uncomplicated elective total knee 
replacement. On the first postoperative 
day, a 1-month course of low-molec-
ular weight heparin was initiated for 
VTE prophylaxis. The patient was dis-
charged home with no postoperative 
cardiovascular complications.

Conclusions
Prevention of perioperative cardio-
vascular events is an important con-
sideration for general practitioners, 
cardiologists, anesthesiologists, and 
surgeons alike, but substantial gaps in 
knowledge remain. Until additional 
data are available, mitigation and man-
agement of perioperative cardiovascu-
lar risk requires careful, individualized 
assessment of cardiovascular disease 
and the surgery-specific thrombotic 
and bleeding risks.
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