
Michael J. Diehl, MD, FACC, FSCAI
Ogden Surgical Medical Society

May 15 2015





 Of the 200 million adults worldwide who 
undergo noncardiac surgery each year, more 
than 1 million will die within 30 days. 
Vision Study Investigators JAMA 2012

 A proportion of these patients have 
unrecognized or known heart disease and will 
have recognized or clinically unrecognized 
cardiac complications from their surgery.

 Our goal as physicians is to minimize the 
number of cardiac complications occurring in 
the perioperative period.
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Anesthesiology March 2014



 15065 patients ≥ 45 years undergoing surgery and requiring 
at least overnight hospitalization

 Troponin T was measured during the first 3 perioperative
days or later if patients had ischemic symptoms 

 1.7% of the patients died within 30 days

 Myocardial injury after noncardiac surgery (MINS) was found 
in 8.0% of the patients

 The 30 day mortality rate was 9.8% in patients with MINS and 
1.1% in patients without MINS (OR 10.07; 95% CI, 7.84-12.94, 
P<0.001)

 The population attributable risk of MINS to 30 day mortality is 
34%



 At Risk:  older, cardiovascular risk factors and 
had known cardiovascular disease

 86% of patients did not have an ischemic 
symptom

 Only 35% of patients had an ischemic ECG 
finding



 Catecholamine surge

 Prothrombotic milieu

 Volume Shifts

 Blood loss

 Fixed coronary disease

 Coronary plaque destabilization



 Given that there is a significant incidence of 
morbidity and mortality for patients during 
the perioperative period and that a large 
proportion of these events are cardiac in 
nature, how do we minimize these risks for 
our patients?







 Assess the presence and stability of risk factors for 
cardiovascular events

 Establish a clinical risk profile for informed and shared 
decision making

 Assess the need for cardiac diagnostic testing prior to 
surgery

 Assess the need for interventions prior to surgery including 
the initiation or changing of medications, the need for PCI or 
the need for cardiac surgery

 Recommend precautions or interventions to be taken in the 
operating room 

 Recommend monitoring and treatment during postoperative 
care

NOT TO PROVIDE MEDICAL CLEARANCE



 THE SURGICAL PROCEDURE

 THE PATIENT

 ANESTHESIA



2014 ACC/AHA Guidelines



 Low Risk - risk of major adverse cardiac events < 1%

 Elevated Risk – risk of major adverse cardiac events ≥ 1%



 Superficial procedures

 Cataract surgery

 Breast surgery

 Endoscopic procedures

 Ambulatory surgery



 Vascular surgery

 Intraperitoneal surgery

 Intrathoracic surgery

 Head and neck surgery

 Orthopedic surgery

 Prostate surgery



 Emergency:  necessary within 6 hours

 Urgent:  necessary within 6-24 hours

 Time sensitive:  can delay 1-6 weeks

 Elective:  can delay up to 1 year

2014 ACC/AHA Guidelines



2014 ACC/AHA Guidelines



 Estimating the perioperative risk of major cardiac events

 The 2014 ACC/AHA Guidelines suggest using the 

 Revised Cardiac Risk Index

 or a risk calculator based on a data base from

 American College of Surgeons National

 Surgical Quality Improvement Project



 High risk surgery

 History of ischemic heart disease

 History of congestive heart failure

 History of cerebrovascular disease

 Preoperative treatment with insulin

 Preoperative serum creatinine ≥ 2.0 mg/dl

 Lee T., Circulation September 1999



 POINTS                 DERIVATION            VALIDATION

 COHORT                  COHORT

 0                            0.5%                         0.4

 1                            1.3                           0.9

 2                            4                              7

 ≥3                           9                             11%



 Acute coronary syndrome

 Decompensated congestive heart failure

 Severe valvular heart disease

 Hemodynamically destabilizing arrhythmias



 Time from MI       Rate of Myocardial      30 day rate of      1 year rate of

 to operation               infarction                 mortality              mortality

 (days)                         (%)

 0 – 30                          32.8                        14.2                    41.2

 31- 60                          18.7                        11.5                    39.4

 61- 90                          10.5                        10.5                    34.5

 91-180                           9.9                          9.9                    32.2

 Livhits M., ANN SURG May 2011



 The data suggest that ≥ 60 days should 
elapse after a MI before non-cardiac surgery, 
in the absence of a coronary intervention.

 2014 ACC/AHA Guidelines



Fiu W-J, Anesthesiology June 2010



30 Day Mortality Rate 30 Day Mortality Rate 
for those newly 
diagnosed with heart 
disease

Ischemic Heart Failure 9.2 13.9

Non-ischemic Heart 
Failure

9.3 13.2

Coronary Artery 
Disease

2.9 5.4

Atrial Fibrillation 6.4 12.0

Vandiepen S., Circulation July 2011



 Patients with active heart failure have a 
significantly higher risk of postoperative 
death than patients with coronary artery 
disease

 2014 ACC/AHA Guidelines



 Perioperative risk of mortality in patients with 
symptomatic severe aortic stenosis is 16%

 Perioperative risk of mortality in patients with 
asymptomatic severe aortic stenosis is < 5%

Stenotic lesions are associated with a greater 
risk of perioperative adverse cardiac events 
than regurgitant lesions



 1. It is recommended that patients with 
clinically suspected moderate or greater 
degrees of valvularstenosis or regurgitation 
undergo preoperative echocardiography if 
there has been either 1) no prior 
echocardiography within 1 year or 2) a 
significant change in clinical status or 
physical examination since last evaluation. 
(Level of Evidence: C)

 2014 ACC/AHA Guidelines



 2. For adults who meet standard indications 
for valvular intervention (replacement and 
repair) on the basis of symptoms and severity 
of stenosis or regurgitation, valvular
intervention before elective noncardiac
surgery is effective in reducing perioperative
risk. (Level of Evidence: C)

 2014 ACC/AHA Guidelines



 Class IIa

 1.  Elevated-risk elective noncardiac surgery 
with appropriate intraoperative and 
postoperative hemodynamic monitoring is 
reasonable to perform in patients with 
asymptomatic severe aortic stenosis (AS). 
(Level of Evidence: B)

 2014 ACC/AHA Guidelines



 Class IIb

 Elevated-risk elective noncardiac surgery 
using appropriate intraoperative and 
postoperative hemodynamic monitoring may 
be reasonable in asymptomatic patients with 
severe mitral stenosis if valve morphology is 
not favorable for percutaneous mitral balloon 
commissurotomy. (Level of Evidence: C)

 2014 ACC/AHA Guidelines



 Class IIa

 1. Elevated-risk elective noncardiac surgery with appropriate 
intraoperative and postoperative hemodynamic monitoring is 
reasonable in adults with asymptomatic severe MR. (Level of 
Evidence: C)

2. Elevated-risk elective noncardiac surgery with appropriate 
intraoperative and postoperative hemodynamic monitoring is 
reasonable in adults with asymptomatic severe aortic 
regurgitation (AR) and a normal LVEF. (Level of Evidence: C)

2014 ACC/AHA Guidelines



 High grade atrioventricular block

 Symptomatic ventricular arrhythmias in the 
presence of underlying heart disease

 Supraventricular arrhythmias with 
uncontrolled ventricular rate



Low risk: proceed to 
surgery

Elevated risk: determine 
functional capacity



 Electrocardiogram

 Echocardiogram

 Stress testing

 Cardiac catheterization



 Class IIa

 1. Preoperative resting 12-lead electrocardiogram (ECG) is reasonable for 
patients with known coronary heart disease, significant arrhythmia, 
peripheral arterial disease, cerebrovascular disease, or other significant 
structural heart disease, except for those undergoing low-risk surgery.  
(Level of Evidence: B)

 Class IIb

 1. Preoperative resting 12-lead ECG may be considered for asymptomatic 
patients without known coronary heart disease, except for those undergoing 
low-risk surgery (37,138-140). (Level of Evidence: B)

 Class III:  No Benefit

 1. Routine preoperative resting 12-lead ECG is not useful for asymptomatic 
patients undergoing low-risk surgical procedures (35,141). (Level of 
Evidence: B)

 2014 ACC/AHA Guidelines



 Not routinely indicated
 Can consider in a patient with a cardiac 

murmur, who has not received a previous 
echocardiogram

 Can consider in a patient with dyspnea of 
unknown etiology

 Reasonable in patients with known heart 
failure and worsening clinical status

 Can consider in clinically stable patients with 
known LV dysfunction and no reassessment 
of LV function in the past year



Not an emergency surgery

Not an acute coronary syndrome

Combined patient and surgical variables 
identify the patient at an elevated risk 
(≥1%)

Low risk

Proceed to surgery

Assess functional capacity

≥4 METS and asymptomatic

Proceed to surgery

If unable to exercise or 
functional capacity <4 METS

Pharmacological stress testing
with cardiac imaging

If the results will change management



 In general studies have shown that the 
presence of a moderate or large amount of 
myocardium at risk predicts an increased risk 
of perioperative myocardial infarction and 
death



 Class III:  No Benefit

It is not recommended that routine coronary revascularization be 

performed before noncardiac surgery exclusively to reduce 

perioperative cardiac events. (Level of Evidence: B)

 Class I:

Revascularization before noncardiac surgery is recommended in 

circumstances in which revascularization is indicated according to 

existing CPGs.

 2014 ACC/AHA Guidelines



 25 patients had surgery 1-14 days following stent placement

 7 patients had myocardial infarction

 8 patients died

 15 patients had surgery 15-39 days following stent placement

 0 patients had myocardial infarctions

 0 patients died

 Kaluza GL., JACC April 2000



 Retrospective Study

 192 patients between 1999 and 2005

 30 patients underwent early surgery after coronary stenting. Defined 
as undergoing surgery when the FDA label for the stent indicated 
they should be on DAPT

 162 patients with late surgery

 Schouten O., JACC Jan 2007



 Incidence of MI/Death within 30 days of 
noncardiac surgery

 Early Surgery                            4/30    (13.3%)

 Antiplatelets stopped           4/13    (30.7%)

 Antiplatelets continued        0/17      (0%)

 Late Surgery                             1/162  (0.6%)

 Schouten O., JACC Jan 2007



 Anwaruddin S.,  JACC  INTV.,  June 2009



 Balloon Angioplasty   14 days

 Bare Metal Stent         30 days

 Drug Eluting Stent     Ideal 365 days Class I

 180 days Class IIb

 2014 ACC/AHA Guidelines



 Elective noncardiac surgery should not be performed within 
30 days after BMS implantation or within 12 months after DES 
implantation in patients in whom dual antiplatelet therapy 
(DAPT) will need to be discontinued perioperatively. (Level of 
Evidence: B)

 Elective noncardiac surgery should not be performed within 
14 days of balloon angioplasty in patients in whom aspirin 
will need to be discontinued perioperatively. (Level of 
Evidence: C)



 Class I Recommendations

 1. In patients undergoing urgent noncardiac surgery during the first 4 to 
6 weeks after BMS or DES implantation, DAPT should be continued 
unless the relative risk of bleeding outweighs the benefit of the 
prevention of stent thrombosis. (Level of Evidence: C)

 2. In patients who have received coronary stents and must undergo 
surgical procedures that mandate the discontinuation of P2Y12 platelet 
receptor-inhibitor therapy, it is recommended that aspirin be continued 
if possible and the P2Y12 platelet receptor-inhibitor be restarted as 
soon as possible after surgery. (Level of Evidence: C)

 3. Management of the perioperativeantiplatelet therapy should be 
determined by a consensus of the surgeon, anesthesiologist, 
cardiologist, and patient, who should weigh the relatiave risk of bleeding 
with that of stent thrombosis. (Level of Evidence: C)

 2014 ACC/AHA Guidelines



 Class IIb

 1. In patients undergoing 
nonemergency/nonurgentnoncardiac surgery who have not 
had previous coronary stenting, it may be reasonable to 
continue aspirin when the risk of potential increased cardiac 
events outweighs the risk of increased bleeding (298,306). 
(Level of Evidence: B)

 Class III: No Benefit

 1. Initiation or continuation of aspirin is not beneficial in 
patients undergoing elective noncardiacnoncarotid surgery 
who have not had previous coronary stenting (298)(Level of 
Evidence: B), unless the risk of ischemic events outweighs the 
risk of surgical bleeding. (Level of Evidence: C)



 Using a 2x2 factorial design, 10,010 patients 
undergoing noncardiac surgery were randomized 
to aspirin or placebo and clonidine or placebo

 Excluded: patients who received a bare metal stent 
less than 6 weeks before surgery or a drug eluting 
stent less than 1 year before surgery

 Primary outcome: death or non-fatal myocardial 
infarction at 30 days

 Devereaux PJ, NEJM April 2014



Devereaux PJ., NEJM April 2014



Devereaux PJ., NEJM April 2014



Devereaux PJ., NEJM April 2014



Devereaux PJ., NEJM April 2014



 Decrease the risk of myocardial ischemia

 Increase the risk of bradycardia and 
hypotension



Lindenauer P., NEJM July 2005

Retrospective study using data from 329 hospitals
Propensity-score matching and multivariable logistic modeling
663,635 patients included in the analyses



 8351 patients with or at risk of atherosclerotic 
disease who were undergoing noncardiac surgery

 Randomized to receive extended release 
metoprololsuccinate or placebo for 30 days

 Primary endpoint: a composite of cardiovascular 
death, non-fatal myocardial infarction and non-
fatal cardiac arrest at 30 days

 Poise Study Group, Lancet May 2008



Metoprolol Placebo P value

Primary 
outcome

5.8% 6.9% .04

Total mortality 3.1 2.3 .03

Myocardial 
infarction

4.2 5.7 .002

Stroke 1.0 0.5 .005

Hypotension 15.0 9.7 <.0001

Bradycardia 6.6% 2.4% <.0001



 Patients received metoprololsuccinate 2-4 
hours before surgery

 Depending on heart rate and blood pressure, 
patients received an additional 100mg within 
6 hours following surgery

 12 hours after their first postoperative dose, 
patients started on metoprololsuccinate
200mg daily



Class I Continue beta blockers in patients who 
already take them

Class IIb It is reasonable to start beta blockers in 
patients with

- Intermediate or high risk ischemia on a 
stress test

- 3 or more RCRI risk factors

Class III Do not start beta blockers on the day of 
surgery

Class IIb It is preferable to start beta blockers 2-7 
days prior to surgery and titrate to effect

Class IIa Following surgery, titrate beta blockers
to effect



 Bridging is required for patients with 
mechanical mitral valves

 For patients with mechanical aortic valves, 
patients with additional risk factors, such as 
atrial fibrillation, LV dysfunction, 
h/othromboembolism, hypercoagulable state 
or older generation valve, require bridging



Dabigatran CrCl> 50 ml/min 1-2 days
CrCl< 50 ml/min 3-5 days

Rivaroxaban 2-3 days

Apixaban 2-3 days



 Class I
 1. Measurement of troponin levels is recommended in the setting of signs or 

symptoms suggestive of myocardial ischemia or MI. (Level of Evidence: A)
 2. Obtaining an ECG is recommended in the setting of signs or symptoms 

suggestive of myocardial ischemia, MI, or arrhythmia. (Level of Evidence: B)

 Class IIb
 1. The usefulness of postoperative screening with troponin levels in patients at 

high risk for perioperative MI, but without signs or symptoms suggestive of 
myocardial ischemia or MI, is uncertain in the absence of established risks and 
benefits of a defined management strategy. (Level of Evidence: B)

 2. The usefulness of postoperative screening with ECGs in patients at high risk for 
perioperative MI but without signs or symptoms suggestive of myocardial 
ischemia, MI, or arrhythmia, is uncertain in the absence of established risks and 
benefits of a defined management strategy. (Level of Evidence: B)

 Class III: No Benefit
 1. Routine postoperative screening with troponin levels in unselected patients 

without signs or symptoms suggestive of myocardial ischemia or MI is not useful 
for guiding perioperative management. (Level of Evidence: B)



 Adverse cardiac events during the perioperative
period occur frequently

 Cardiologists do not clear patients for surgery but 
are happy to inform surgeons and patients in a 
model of collaborative decision making

 Revascularization or other intervention is rarely 
needed to get a patient safely through surgery

 But thoughtful evaluation, monitoring and active 
medical management are always required


