Perioperative Cardiovascular Medication
Management in Noncardiac Surgery:
Common Questions

MICHAEL A. MIKHAIL, MD; ARYA B. MOHABBAT, MD; and AMIT K. GHOSH, MD, Mayo Clinic College of Medicine,
Rochester, Minnesota

Several medications have been used perioperatively in patients undergoing noncardiac surgery in an attempt to
improve outcomes. Antiplatelet therapy for primary prevention of cardiovascular events should generally be discon-
tinued seven to 10 days before surgery to avoid increasing the risk of bleeding, unless the risk of a major adverse cardiac
event exceeds the risk of bleeding. Antiplatelet therapy for secondary prevention should be continued perioperatively,
except before procedures with very high bleeding risk, such as intracranial procedures. Antiplatelet drugs should be
continued and surgery delayed, if possible, for at least 14 days after percutaneous coronary intervention without stent
placement, 30 days after percutaneous coronary intervention with bare-metal stent placement, and six to 12 months
after percutaneous coronary intervention with drug-eluting stent placement. Perioperative beta blockers are recom-
mended for patients already receiving these agents, and it is reasonable to consider starting therapy in patients with
known or strongly suspected coronary artery disease or who are at high risk of perioperative cardiac events and are
undergoing procedures with a high risk of cardiovascular complications. Long-term statin therapy should be contin-
ued perioperatively or started in patients with clinical indications who are not already receiving statins. Clonidine
should not be started perioperatively, but long-term clonidine regimens may be continued. Angiotensin-converting
enzyme inhibitors and angiotensin receptor blockers generally can be continued perioperatively if patients are hemo-
dynamically stable and have good renal function and normal electrolyte levels. (Am Fam Physician. 2017;95(10):645-
650. Copyright © 2017 American Academy of Family Physicians.)

This clinical content
conforms to AAFP criteria
for continuing medical
education (CME). See
CME Quiz Questions on
page 622.

Author disclosure: No rel-

evant financial affiliations.

he prevention of perioperative

cardiovascular complications is

an important element of general

medical care.' Perioperative prac-
tices vary and often are contrary to the best
evidence. This article answers common
questions about perioperative cardiovascu-
lar medication management for noncardiac
surgical procedures.

What Is the Optimal Management
of Antiplatelet Therapy for Primary
Prevention Before Noncardiac Surgery?

Antiplatelet therapy for primary prevention
should be withheld perioperatively unless the
patient is at risk of major adverse cardiac
events and that risk exceeds the bleeding risk.

EVIDENCE SUMMARY

In the Perioperative Ischemic Evaluation-2
trial, 10,010 patients undergoing noncardiac
surgery, most of whom had no known cardio-
vascular disease, were randomized to receive

perioperative aspirin vs. placebo.” Patients
were stratified by whether they had been
taking daily aspirin before surgery (continu-
ation group, n = 4,382) or not (initiation
group, n = 5,628). There was no significant
difference in the rate of myocardial infarc-
tion (MI; 6.2% with aspirin vs. 6.3% with
placebo; P = .85), cardiac-related mortality
(1.3% with aspirin vs. 1.2% with placebo;
P =.78), or other adverse cardiovascular out-
comes. However, the rate of major bleeding
was significantly higher in aspirin-treated
patients than in the placebo group (4.6% vs.
3.8%; 95% confidence interval, 1.01 to 1.49;
P =.04). Bleeding occurred most commonly
at the surgical site and in the gastrointestinal
tract.

Based on the lack of benefit for prevent-
ing adverse cardiovascular outcomes and on
higher bleeding rates, aspirin for primary
prevention should be withheld—ideally
seven to 10 days before surgery (Figure 1"°)—
unless the patient is at significant risk of a
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WHAT IS NEW ON THIS TOPIC: PERIOPERATIVE
MEDICINE

A 2014 multicenter randomized controlled trial of more than
10,000 noncardiac surgical patients found that clonidine
did not reduce rates of mortality or myocardial infarction
compared with placebo, and it increased the risk of clinically
significant hypotension and nonfatal cardiac arrest.

Overall, trials demonstrate that angiotensin-converting
enzyme inhibitors and angiotensin receptor blockers increase
the risk of hypotension, but have no significant adverse
effects on other perioperative cardiovascular outcomes.

major adverse cardiovascular event, and particularly if
a high-risk patient is undergoing a surgical procedure
with significant cardiovascular risk (Table I'). An indi-
vidual patient’s risk of a major perioperative cardiovas-
cular event can be predicted with the Revised Cardiac
Risk Index (RCRI; Table 2).*°

The optimal time to restart maintenance antiplatelet
therapy postoperatively must be decided on a case-by-
case basis. Expert consensus is that antiplatelet ther-
apy should be resumed postoperatively once adequate
hemostasis is confirmed and bleeding risk is deemed
low relative to thromboprophylactic benefits of therapy.
A reasonable approach is more than 24 hours after low—
bleeding risk procedures, and more than 48 to 72 hours
after higher—bleeding risk procedures.

What Is the Optimal Management of Antiplatelet
Therapy for Secondary Prevention Before
Noncardiac Surgery?

Antiplatelet therapy for secondary prevention should
generally be continued perioperatively, but consideration
should be given to temporarily discontinuing therapy if the
patient is undergoing a procedure in which bleeding would
pose a high risk (e.g., intracranial surgery).

EVIDENCE SUMMARY

There has been one randomized controlled trial (RCT)
of discontinuing aspirin for secondary prevention before
noncardiac surgery.’ It randomized 220 patients with
coronary artery disease (but no coronary stents) to con-
tinue aspirin or receive placebo for seven days before sur-
gery until three days after surgery. A major cardiac event
occurred in 1.8% of patients who received aspirin vs.
9.0% of patients in the control group (relative risk reduc-
tion = 80%; number needed to treat = 14). There was
also a lower rate of stroke among patients who received
aspirin.

A 2006 meta-analysis confirmed the risk of discon-
tinuing aspirin for secondary prevention.” It evaluated
studies with 50,279 patients who were receiving aspirin
for secondary prevention and who discontinued therapy.
Discontinuation was associated with a threefold increase
in major adverse cardiac events (odds ratio [OR] = 3.14).
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is greater than risk of bleeding

Figure 1. Algorithm for the perioperative management of
antiplatelet therapy.

Information from references 1 and 3.

Another meta-analysis that included 41 studies with
49,590 surgical patients taking aspirin for secondary
cardiovascular prevention found that when acute coro-
nary events occurred in the perioperative period, dis-
continuation of aspirin had occurred in 10% of cases.®
Median time was 8.5 days from aspirin discontinuation
to an acute coronary syndrome (ACS), 14.3 days to an
acute cerebral event, and 26 days to an acute peripheral
arterial event.

Therefore, in contrast with the management of aspi-
rin therapy for primary prevention, aspirin therapy for
secondary prevention should generally be continued
through the perioperative period unless the risk of bleed-
ing outweighs the risk of discontinuing aspirin (e.g., for
intracranial surgery, major spinal surgery, or transure-
thral prostatectomy).

How Should Antiplatelet Therapy Be Managed
in Patients Who Have Undergone Percutaneous
Coronary Intervention But Have Stable Ischemic
Heart Disease?

Elective surgery should be postponed until dual antiplate-
let therapy has been continued for more than 30 days after
bare metal stent placement and for six months after drug-
eluting stent placement. However, if the risk of delaying
surgery is greater than the risk of a major adverse cardiac
event, discontinuation of clopidogrel (Plavix) may be con-
sidered after a minimum of three months following place-
ment of a drug-eluting stent; aspirin therapy should be
maintained, if possible, and clopidogrel restarted as soon as
possible after surgery.

EVIDENCE SUMMARY

Timing of noncardiac surgery after percutaneous coro-
nary intervention (PCI) depends on the relative urgency
of the procedure vs. perioperative risk of major adverse
cardiac events.
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Table 1. Surgical Procedures Stratified
by Cardiac Risk

Table 2. Revised Cardiac Risk Index
for Preoperative Patients

Low risk (less than 1% risk of major adverse cardiac
event)

Ambulatory surgery
Breast surgery
Cataract surgery
Endoscopic procedures
Superficial procedures

Higher risk (greater than 1% risk of major adverse
cardiac event)

Aortic and other major vascular surgery

Emergent procedures

Head and neck surgery

Intraperitoneal and intrathoracic surgery

Open urologic surgery

Orthopedic surgery

Prolonged procedures with large fluid shifts and/or blood loss

Information from reference 1.

In 2016, the American College of Cardiology/American
Heart Association (ACC/AHA) updated its 2014 expert
consensus guidelines on dual antiplatelet therapy (aspirin
plus clopidogrel) in patients who have undergone PCI.°
For patients who have not had an ACS in the past year,
the guidelines recommend that surgery be postponed,
if possible, until the patient has received dual antiplate-
let therapy for more than 30 days after bare-metal stent
placement and for six months after drug-eluting stent
placement. The new guidelines also state that surgery
may be considered after three months of dual antiplate-
let therapy following drug-eluting stent placement if the
risk of delaying surgery outweighs the risk of a major
adverse cardiac event. These recommendations are based
primarily on the risk of prematurely discontinuing anti-
platelet therapy (as much as a 90-fold increase in the rate
of acute coronary events [OR = 89.78]).

If surgery cannot be postponed, dual antiplatelet ther-
apy should be maintained perioperatively unless the risk
of major bleeding exceeds the risk of a perioperative major
adverse cardiac event.! Examples of reasons to withhold
dual antiplatelet therapy include active life-threatening
major bleeding and emergent intracranial surgery.!

How Should Antiplatelet Therapy Be Managed

in Patients Who Have Had an ACS in the Past

12 Months?

Elective surgery should be delayed for at least 12 months
and dual antiplatelet therapy should be continued through-
out that period, regardless of whether the ACS is addressed
through noninvasive medical therapy alone or with inva-
sive measures.
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Risk factor Points

High-risk surgery
Intraperitoneal, intrathoracic, or suprainguinal
vascular surgery
History of ischemic heart disease

Current chest pain from suspected myocardial
ischemia

Current or past use of nitrate therapy
Electrocardiography with pathologic Q waves

History of myocardial infarction or positive
exercise test

History of heart failure

Chest radiography showing pulmonary vascular
redistribution

Paroxysmal nocturnal dyspnea

Pulmonary edema, bilateral rales, or S3 gallop
History of cerebrovascular disease

History of transient ischemic attack or stroke
Preoperative treatment with insulin

Preoperative creatinine level > 2 mg per dL
(177 pymol per L)

Total score:

NOTE: Assign one point for each risk factor. 0 points = 0.4% risk of
major cardiac event, 1 point = 0.9% risk; 2 points = 6.6% risk; 3 points
or more = 11% risk.

Information from references 4 and 5.

EVIDENCE SUMMARY

The 2016 ACC/AHA update recommends that elective
surgery be delayed for at least 12 months after an ACS
and dual antiplatelet therapy continued throughout that
period, regardless of whether the ACS was treated with
medical therapy alone, with PCI and stent placement, or
with coronary artery bypass graft surgery."” These rec-
ommendations are based on the risk of cardiac compli-
cations after premature discontinuation of antiplatelet
therapy.

As with the recommendations for surgery in patients
with stable ischemic heart disease, these recommenda-
tions should be considered guidelines, not mandates. The
urgency of the procedure, risks of major adverse cardiac
events and bleeding, and overall clinical judgment remain
essential factors. Close communication and consensus
between the care team and patient are also essential.”’

What Is the Role of Beta Blockade in Noncardiac
Surgery?

Perioperative beta blockade is recommended if a patient is
receiving long-term beta-blocker therapy. It is considered
reasonable if the patient has known or strongly suspected
clinically significant coronary disease, or if the patient
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Perioperative Medication Management

has three or more RCRI risk factors for a perioperative
major adverse cardiac event and is undergoing a high-risk
procedure.

EVIDENCE SUMMARY

The 2008 Perioperative Ischemic Evaluation trial
randomized 8,351 patients to receive postoperative
sustained-released metoprolol (up to 200 mg per day) for
30 days or placebo."” The primary composite end point
of cardiovascular death, nonfatal MI, and nonfatal car-
diac arrest favored metoprolol (5.8% for metoprolol vs.
6.9% for placebo), but all-cause mortality was higher
with metoprolol (3.1% for metoprolol vs. 2.3% for pla-
cebo), as was the rate of stroke (1.0% for metoprolol vs.
0.5% for placebo). Sepsis-related death was also associ-
ated with metoprolol. The investigators recommended
avoiding perioperative beta blockade in the settings of
clinical instability, infection, hypovolemia, significant
anemia, or other condition that complicates heart rate
titration or increases the risk of beta blockade. However,
the applicability of these results may be limited because
of the high doses of metoprolol used in the study.

On the other hand, meta-analyses, some of which
included the 2008 study discussed above, have shown
that perioperative beta blockade is associated with
reduced mortality rates in patients with higher RCRI
scores (RCRI 3, OR = 0.71; RCRI > 4, OR = 0.58) but
increased mortality rates in patients with lower scores
(RCRI 0, OR = 1.36; RCRI 1, OR = 1.09)."'"'2 Cardiose-
lective beta blockers (e.g., bisoprolol [Zebeta], atenolol)
may confer lower stroke and mortality risk than other
agents such as metoprolol.""

The 2014 ACC/AHA guideline on perioperative car-
diovascular management of patients undergoing noncar-
diac surgery recommends perioperative beta blockade
for patients receiving long-term beta-blocker therapy.!
Beta blockade is considered reasonable if a patient has
known or strongly suspected clinically significant coro-
nary artery disease, or if the surgery is considered high
risk and the patient has an RCRI score of 3 or more."*

When indicated, perioperative beta blockade is most
beneficial when initiated at least one week to one month
preoperatively and continued for at least one month post-
operatively. Therapy should be titrated to a resting heart
rate of 55 to 70 beats per minute." Beta blockers should
not be initiated on the day of surgery. Many patients who
warrant perioperative beta blockade have indications for
long-term therapy; postoperative therapy should be con-
tinued indefinitely in these patients."

Chronic obstructive lung disease without severe reac-
tive airway disease is not a clear contraindication for
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cardioselective beta-blocker therapy. In a 2002 study,
no clinically significant adverse respiratory effect was
associated with cardioselective beta blockade in patients
with mild to moderate reactive airway disease.” In fact,
beta blockade may reduce mortality and exacerbations
when added to an established inhaler regimen, with no
clinically significant adverse effect on pulmonary func-
tion."* However, these findings are independent of any
known cardiovascular disease and of cardiovascular drug
therapy.

What Is the Role of Statins in Noncardiac
Surgery?

Perioperative statins should be continued in patients who
are already receiving chronic statin therapy. They should
be initiated in patients undergoing vascular surgery and in
those with clinical indications who are undergoing high-
risk noncardiac procedures.

EVIDENCE SUMMARY

Most studies of perioperative statin therapy are small,
retrospective, and limited to cardiac and peripheral
vascular surgery. Nevertheless, there is compelling
evidence for statin therapy in other surgical settings.
Studies in 2003 and 2004 showed that compared with
placebo, statin therapy reduces all-cause mortality
(adjusted OR = 0.22,'% 0.71'%), cardiac-related mortality
(OR = 0.3"), and nonfatal cardiac events (8% of statin
group vs. 26% of placebo group).'” Similarly, a 2006
meta-analysis including more than 223,000 patients
showed a statistically significant reduction in periop-
erative mortality in patients receiving statin therapy vs.
placebo who underwent vascular (1.7% vs. 6.1%) and
noncardiac surgical procedures (2.2% vs. 3.2%)." Fur-
thermore, a 2009 RCT of statin-naive patients under-
going vascular surgery showed a statistically significant
reduction in rates of MI, nonfatal MI, and cardiovas-
cular death.?

Based on this evidence, the 2014 ACC/AHA guide-
line supports perioperative continuation of long-term
statin therapy and initiation of statins in patients who
are undergoing vascular surgery or who have a clinical
indication and will be undergoing a high-risk proce-
dure.! More definitive studies are required to confirm
optimal dosage, timing, and duration of statin therapy
in the perioperative setting.

What Is the Role of Clonidine in Noncardiac
Surgery?

Clonidine should not be initiated perioperatively. Long-
term clonidine therapy can be continued in stable patients.

Volume 95, Number 10 * May 15, 2017



SORT: KEY RECOMMENDATIONS FOR PRACTICE

feasible postoperatively.

Evidence
Clinical recommendation rating References
Antiplatelet therapy for primary prevention should be discontinued seven to 10 days before noncardiac A 1,2,7,8
surgery unless the patient is at high risk of a major cardiac event. Antiplatelet therapy for secondary
prevention should be continued perioperatively unless the patient is undergoing a procedure with a
high risk of bleeding (e.g., intracranial surgery).
Perioperative beta blockers are recommended if a patient is already receiving long-term beta-blocker B 1, 10-14
therapy. They are a reasonable option if a patient has known or strongly suspected clinically
significant coronary disease, or if a patient has three or more risk factors for a perioperative major
adverse cardiac event plus a planned high-risk procedure.
Perioperative statins should be continued in patients already receiving long-term statin therapy. They should A 1, 15-20
be started in patients with clinical indications who are undergoing high-risk noncardiac procedures.
Prophylactic clonidine should not be initiated perioperatively. Long-term regimens can be continued B 1,21
perioperatively if the patient is stable.
Angiotensin-converting enzyme inhibitors and angiotensin receptor blockers generally can be C 1,22-27

continued perioperatively if patients are hemodynamically stable and have good renal function and
normal electrolyte levels. If they are withheld preoperatively, they should be restarted as soon as

A = consistent, good-quality patient-oriented evidence, B = inconsistent or limited-quality patient-oriented evidence,; C = consensus, disease-oriented
evidence, usual practice, expert opinion, or case series. For information about the SORT evidence rating system, go to http://www.aafp.org/afpsort.

EVIDENCE SUMMARY

Clonidine (an alpha-2 agonist) has been used periop-
eratively for cardiovascular event prevention, but until
recently its use was based on limited evidence. A 2014
multicenter RCT of more than 10,000 patients under-
going noncardiac surgery found no statistically signifi-
cant difference in mortality or MI rates with clonidine
compared with placebo.” This study found a substantial
increase in clinically significant hypotension (47.6% vs.
37.1%) and nonfatal cardiac arrest (0.3% vs. 0.1%) in
patients receiving clonidine.”

The 2014 ACC/AHA guideline advises against initi-
ating alpha-2 agonists such as clonidine perioperatively
and advises caution when using them for perioperative
control of hypertension.! However, perioperative con-
tinuation of long-term clonidine therapy is appropriate
to prevent rebound hypertension and tachycardia from
abrupt discontinuation of the drug.

What Is the Optimal Management

of Angiotensin-Converting Enzyme Inhibitor

and Angiotensin Receptor Blocker Therapy

in Noncardiac Surgery?

Angiotensin-converting enzyme (ACE) inhibitors and
angiotensin receptor blockers (ARBs) may be continued
perioperatively if they are well tolerated based on hemody-
namic, renal, and electrolyte status.

EVIDENCE SUMMARY

There has been considerable debate about perioperative
administration of ACE inhibitors and ARBs because of
concerns about the risks of perioperative hypotension,
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renal dysfunction, and electrolyte abnormalities. Two
trials of ACE inhibitors and ARBs in patients undergo-
ing vascular surgery found significantly more episodes
of hypotension, but no difference in other cardiovascular
outcomes.”>* In a large observational study, preoperative
use of ACE inhibitors and ARBs was associated with higher
rates of intraoperative hypotension, but no difference in
rates of postoperative MI or renal failure.** In addition,
a meta-analysis showed a 50% incidence of periopera-
tive hypotension in patients receiving ACE inhibitors or
ARBs, but no significant difference in other major cardio-
vascular outcomes.” In a 2012 retrospective study of more
than 79,000 patients undergoing noncardiac surgery, the
use of ACE inhibitors was not significantly associated
with increased mortality rates (OR = 0.93).° Further-
more, a quality improvement audit demonstrated no sta-
tistically significant outcome difference for perioperative
use of ACE inhibitors and ARBs in terms of vasopressor
requirement (P = .67), intravenous fluid administration
(P =.096), postoperative acute kidney injury (P = .25), or
postoperative atrial fibrillation (P =.71).

Opverall, the evidence demonstrates that ACE inhibi-
tors and ARBs increase the risk of hypotension, but
they have no significant adverse effects on other periop-
erative cardiovascular outcomes. The 2014 ACC/AHA
guideline indicates that it is reasonable to continue ACE
inhibitors and ARBs perioperatively if the patient is on a
stable dose without hemodynamic, renal, or electrolyte
abnormalities. If long-term therapy is withheld preop-
eratively because of hemodynamic, renal, or electrolyte
abnormalities, they should be restarted postoperatively
when those abnormalities are resolved.!
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This article updates previous articles by Chassot, et al.,?® and by Holt.?

Data Sources: PubMed was searched using the key words perioperative
medication management, ACC/AHA perioperative guideline, periopera-
tive antiplatelet, perioperative beta blockade, and perioperative statin.

Search dates: January 2015 to December 2016.

The Authors

MICHAEL A. MIKHAIL, MD, is an assistant professor of medicine in the
Division of General Internal Medicine at the Mayo Clinic College of Medi-
cine, Rochester, Minn.

ARYA B. MOHABBAT, MD, is an assistant professor of medicine in the Divi-
sion of General Internal Medicine at the Mayo Clinic College of Medicine.

AMIT K. GHOSH, MD, is a professor of medicine in the Division of General
Internal Medicine at the Mayo Clinic College of Medicine.

Address correspondence to Michael A. Mikhail, MD, Mayo Clinic, 200
First St. SW, Rochester, MN 55905 (e-mail: mikhail. michael@mayo.edu).
Reprints are not available from the authors.

REFERENCES

1.

650 American Family Physician

Fleisher LA, Fleischmann KE, Auerbach AD, et al. 2014 ACC/AHA guide-
line on perioperative cardiovascular evaluation and management of
patients undergoing noncardiac surgery: executive summary: a report
of the American College of Cardiology/American Heart Association Task
Force on Practice Guidelines. Circulation. 2014;130(24):2215-2245.

. Devereaux PJ, Mrkobrada M, Sessler DI, et al.; POISE-2 Investigators.

Aspirin in patients undergoing noncardiac surgery. N Engl J Med. 2014;
370(16):1494-1503.

. Douketis JD, Spyropoulos AC, Spencer FA, et al. Perioperative manage-

ment of antithrombotic therapy: antithrombotic therapy and prevention
of thrombosis, 9th ed.: American College of Chest Physicians evidence-
based clinical practice guidelines [published correction appears in
Chest. 2012;141(4):1129]. Chest. 2012;141(suppl 2):e3265-e350S.

. Lee TH, Marcantonio ER, Mangione CM, et al. Derivation and prospec-

tive validation of a simple index for prediction of cardiac risk of major
noncardiac surgery. Circulation. 1999;100(10):1043-1049.

. Gupta PK, Gupta H, Sundaram A, et al. Development and validation of

a risk calculator for prediction of cardiac risk after surgery. Circulation.
2011;124(4):381-387.

. Oscarsson A, Gupta A, Fredrikson M, et al. To continue or discontinue

aspirin in the perioperative period: a randomized, controlled clinical
trial. BrJ Anaesth. 2010;104(3):305-312.

. Biondi-Zoccai GG, Lotrionte M, Agostoni P, et al. A systematic review

and meta-analysis on the hazards of discontinuing or not adhering to
aspirin among 50,279 patients at risk for coronary artery disease. Eur
Heart J. 2006,27(22):2667-2674.

. Burger W, Chemnitius JM, Kneissl GD, Riicker G. Low-dose aspirin for

secondary cardiovascular prevention—cardiovascular risks after its
perioperative withdrawal versus bleeding risks with its continuation—
review and meta-analysis. J Intern Med. 2005;257(5):399-414.

. Levine GN, Bates ER, Bittl JA, et al. 2016 ACC/AHA guideline focused

update on duration of dual antiplatelet therapy in patients with coro-
nary artery disease: a report of the American College of Cardiology/
American Heart Association Task Force on Clinical Practice Guidelines
[published correction appears in Circulation. 2016;134(10):e192-e194].
Circulation. 2016;134(10):e123-e155.

. POISE Study Group. Effect of extended-release metoprolol succinate

in patients undergoing non-cardiac surgery (POISE trial): a randomised
controlled trial. Lancet. 2008;371(9627):1839-1847.

11.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

www.aafp.org/afp

Mushtag M, Cohn SL. Perioperative beta-blockers in noncardiac sur-
gery: the evidence continues to evolve. Cleve Clin J Med. 2014;81(8):
501-512.

. Lindenauer PK, Pekow P, Wang K, Mamidi DK, Gutierrez B, Benjamin

EM. Perioperative beta-blocker therapy and mortality after major non-
cardiac surgery. N Engl J Med. 2005;353(4):349-361.

. Salpeter SR, Ormiston TM, Salpeter EE. Cardioselective beta-blockers in

patients with reactive airway disease: a meta-analysis. Ann Intern Med.
2002;137(9):715-725.

. Short PM, Lipworth SI, Elder DH, Schembri S, Lipworth BJ. Effect of

beta blockers in treatment of chronic obstructive pulmonary disease: a
retrospective cohort study. BMJ. 2011;342:d2549.

. Poldermans D, Bax JJ, Kertai MD, et al. Statins are associated with a

reduced incidence of perioperative mortality in patients undergoing
major noncardiac vascular surgery. Circulation. 2003;107(14):1848-1851.

. Lindenauer PK, Pekow P, Wang K, Gutierrez B, Benjamin EM. Lipid-

lowering therapy and in-hospital mortality following major noncardiac
surgery. JAMA. 2004;291(17):2092-2099.

. Kertai MD, Boersma E, Westerhout CM, et al. Association between

long-term statin use and mortality after successful abdominal aortic
aneurysm surgery. Am J Med. 2004;116(2):96-103.

. Durazzo AE, Machado FS, lkeoka DT, et al. Reduction in cardiovascu-

lar events after vascular surgery with atorvastatin: a randomized trial.
J Vasc Surg. 2004;39(5):967-975.

. Hindler K, Shaw AD, Samuels J, Fulton S, Collard CD, Riedel B. Improved

postoperative outcomes associated with preoperative statin therapy.
Anesthesiology. 2006;105(6):1260-1272.

Schouten O, Boersma E, Hoeks SE, et al.; Dutch Echocardiographic Car-
diac Risk Evaluation Applying Stress Echocardiography Study Group.
Fluvastatin and perioperative events in patients undergoing vascular
surgery. N Engl J Med. 2009;361(10):980-989.

Devereaux PJ, Sessler DI, Leslie K, et al.; POISE-2 Investigators. Clonidine
in patients undergoing noncardiac surgery. N Engl J Med. 2014;370(16):
1504-1513.

Coriat P, Richer C, Douraki T, et al. Influence of chronic angiotensin-
converting enzyme inhibition on anesthetic induction. Anesthesiology.
1994;81(2):299-307.

Bertrand M, Godet G, Meersschaert K, Brun L, Salcedo E, Coriat P.
Should the angiotensin Il antagonists be discontinued before surgery?
Anesth Analg. 2001;92(1):26-30.

Kheterpal S, Khodaparast O, Shanks A, O'Reilly M, Tremper KK.
Chronic angiotensin-converting enzyme inhibitor or angiotensin recep-
tor blocker therapy combined with diuretic therapy is associated with
increased episodes of hypotension in noncardiac surgery. J Cardiothorac
Vasc Anesth. 2008;22(2):180-186.

Rosenman DJ, McDonald FS, Ebbert JO, Erwin PJ, LaBella M, Montori
VM. Clinical consequences of withholding versus administering renin-
angiotensin-aldosterone system antagonists in the preoperative period.
J Hosp Med. 2008;3(4):319-325.

Turan A, You J, Shiba A, Kurz A, Saager L, Sessler DI. Angiotensin con-
verting enzyme inhibitors are not associated with respiratory complica-
tions or mortality after noncardiac surgery. Anesth Analg. 2012;114(3):
552-560.

Vijay A, Grover A, Coulson TG, Myles PS. Perioperative management
of patients treated with angiotensin-converting enzyme inhibitors and
angiotensin Il receptor blockers: a quality improvement audit. Anaesth
Intensive Care. 2016;44(3):346-352.

Chassot PG, Marcucci C, Delabays A, Spahn DR. Perioperative antiplate-
let therapy. Am Fam Physician. 2010;82(12):1484-1489.

Holt NF. Perioperative cardiac risk reduction. Am Fam Physician. 2012;
85(3):239-246.

Volume 95, Number 10 * May 15, 2017



