
Coronary Artery Disease & Preoperative Cardiac  Assessment 
Conditions which cause an imbalance between myocardial oxygen supply and demand, resulting progressively in anaerobic metabolism, ischemia, injury and 
eventually infarction with potential for development of CHF & arrhythmias; requiring perioperative risk stratification and often intervention in the form of 
revascularization or optimization of medications as well as consideration of co-existing disease 

ANESTHETIC CONSIDERATIONS: 
 

• Increased risk of perioperative adverse cardiac events 
 Ischemia / MI 
 CHF 
 Arrhythmias 

• Potential for LV dysfunction 
• Co-existing diseases: 

 HTN, valvular disease (SBE prophylaxis), DM, lung disease, renal dysfunction, tobacco abuse, +/- elderly 
• Management of cardiac medications & therapy 

 ACEi/ARB/CCB/B-blockers/nitrates/α2 agonists/statins, anticoagulation, pacemakers, AICD 
• Risk stratification & Perioperative evaluation based on ACC/AHA 2007 Guidelines 

 
 

ANESTHETIC GOALS: 
 

• Maintain favorable myocardial supply-demand relationship – Most important!  
 

• Hemodynamic Goals: (slow, small and well perfused)  Think about CRRAP 
o Contractility: maintain or slightly decrease depending on baseline function  

• depression is beneficial when LV function is adequate 
o Rate: slow, consider peri-op beta-blockade (aim for HR<65 Barash),  

• avoid tachycardia: HR > 110 bpm = substantially increased risk of ischemia 
o Rhythm: NSR 
o Afterload: maintain BP within 20% of normal value (keep DBP > 50 mmHg) 

• May require afterload reduction if poor LV function (i.e. increased demand) 
• Need to maintain coronary perfusion pressure  by optimizing AoEDP, LVEDP 
• Hypertension is better than hypotension 

o Pre-load: maintain but avoid acute increases in LVEDP 
• keep the heart small; decrease wall tension; increased perfusion pressure 

 
• Oxygenation Goals:  

o Keep hemoglobin > 90, Hct > 30% 
o ↑ PaO2 (↑ FiO2, address A-a gradient as necessary) 
o MVO2 – control of oxygen demand is not enough, monitor for and treat “supply” ischemia 

• consider intraoperative paralysis, warm, comfortable and not nauseated on emergence 
 

• Monitor for Ischemia 
 

 
HISTORY &  PHYSICAL 
• Define the current state of cardiac disease and functional status: 
• Pre-existing Cardiac Disease (focus mainly on ‘Active Cardiac Conditions’- table 2 AHA guidelines)  

1. Myocardial Ischemia 
o Functional classification based on Canadian Cardiovascular Society Classification 

 Predictive of operative mortality for patients undergoing coronary revascularization 
 

Canadian Cardiovascular Society Classification 
I No angina with ordinary physical activity.  Angina with strenuous or prolonged exertion. 
II Slight limitation of ordinary activity.  Limitation of walking or climbing stairs rapidly, walking uphill, after meals, and in cold wind. 
III Marked limitation of physical activity.  Walking 1-2 blocks on level. 
IV Unable to carry on any physical activity without discomfort.  Angina may be present at rest. 

 
o  Stable angina due to fixed coronary disease 

o Unstable angina (rest, nocturnal, crescendo or new angina)  
 indicates rapid growth or rupture of existing plaque 
 Patients in this group have higher incidence of perioperative MI and sudden death 

o Be aware of silent ischemia as more than half of perioperative infarctions are silent 
 ‘Autonomic neuropathy has been found to be the best predictor of silent CAD’ - Barash 

o elderly, women, or diabetics may present with more atypical features of angina 
o Previous MI 

 Classification 
 Acute MI: < 7 days 
 Recent MI: > 7 days but < 1 month 
 AHA guidelines: “reasonable to wait 4-6 weeks after MI to perform elective surgery” 

2. Congestive Heart Failure 
o Dyspnea on exertion 
o Orthopnea or PND 



o JVD and pulmonary crackles 
o  Ask about prior history of CHF 
o Clinical grading based on NYHA Classification 

 
New York Heart Association Classification 

I Cardiac disease without limitation of physical activity 
II Slight limitation of physical activity.  Fatigue, angina or SOB with ordinary physical activity. 
III Marked limitation of physical activity. Comfortable at rest. 
IV Angina at rest, increased with activity. 

 
o Clinical assessment of ventricular function 

 Exercise capacity of ~ 4 MET indicates preserved ventricular function 
o Evidence of CHF or ventricular dysfx  preoperatively is associated with ↑ operative mortality 

3. Dysrhythmias 
o Palpitations, syncope or pre-syncope 
o In situ pacemaker/AICD 

4. Valvular Heart Disease 
o Diastolic murmurs are always pathologic and require further evaluation 
o Regurgitant disease is tolerated perioperatively much better than stenotic disease 
o Heart failure in concert with any valvular disease is associated with a 20% risk of decompensation in the perioperative period 

 
5. Coexisting Disease 

 
Functional Capacity 

o ‘Exercise tolerance is the most important determinant of cardiac risk’ - Barash 
o Limited exercise tolerance in absence of signif lung ds is very good evidence of ↓ cardiac reserve 
o 1 MET is energy consumed by the body at rest = 3.5 ml O2/min/kg  

 

 
Miller 7th ed: Table 34-2   -- Metabolic Equivalents of Functional Capacity 
MET Functional Levels of Exercise 

1 Eating, working at a computer, dressing 

2 Walking down stairs or in your house, cooking 

3 Walking 1-2 blocks 

4 Raking leaves, gardening 

5 Climbing 1 flight of stairs, dancing, bicycling 

6 Playing golf, carrying clubs 

7 Playing singles tennis 

8 Rapidly climbing stairs, jogging slowly 

9 Jumping rope slowly, moderate cycling 

10 Swimming quickly, running or jogging briskly 

11 Skiing cross country, playing full-court basketball 

12 Running rapidly for moderate to long distances 

From Jette M, Sidney K, Blumchen G: Metabolic equivalents (METs) in exercise testing, exercise prescription, and evaluation of functional capacity. Clin Cardiol 
13:555-565, 1990. 



MET, metabolic equivalent of the task. 1 MET = consumption of 3.5 mL O2/min/kg of body weight 
 
 
INVESTIGATIONS   &  OPTIMIZATION 
• Determine whether any further preoperative testing required by following:  
ACC / AHA Perioperative Cardiovascular Evaluation for Non-cardiac surgery 
Recently revised with a marked reduction in recommendations for preoperative noninvasive stress testing & revascularization 

AHA 2007 Stepwise Approach 

 
 
 
Step 1 

• Determine urgency 
• Consider post-operative risk stratification in patients with elevated risk for long term coronary events 

Step 2 
• Does the patient have active cardiac conditions? (See Table 2) 
• Delay and treat as per appropriate AHA guidelines 
• Consider referral to coronary angiography to assess further therapeutic options 
• Depending on results consider proceeding with maximal medical therapy 

Step 3 
• Is it low risk surgery? => many procedures have a combined risk of  <1% even in high risk patients 
• Interventions based cardiovascular testing in stable patients would rarely result in a change in management=> consider proceeding with planned procedure 

Step 4 
• Good functional capacity? => a reliable perioperative and long term predictor 
• In highly functional asymptomatic patents, management will rarely be changed based on any further cardiovascular testing =>proceed with planned 

surgery 
• In patients with known cardiovascular disease or at least 1 clinical risk factor, perioperative heart rate control with beta blockade appears appropriate 
• 4 METs = climb a flight of stairs, walk up a hill, walk at 4mph or 6.4 km/hr, run a short distance 

o Likelihood of serious complications occurring is inversely related to the # of blocks that can be walked or flight of stairs climbed 
Step 5 
• If poor FC, symptomatic or unknown FC => determine presence of clinical risk factors (IHD, compensated or prior HF, DM, CVD, renal insufficiency) (Based 

on Revised Cardiac Risk Index) 
o Proceed with surgery if no clinical risk factors 
o If 1 or 2 clinical risk factors => reasonable to proceed with the planned surgery with HR control with beta blockade or consider testing if it will change 

management 
o If  3 or more risk factors, the surgery specific cardiac risk is important => intermediate risk surgery proceed with surgery with HR control with beta 

blockade or consider testing if it will change management. High surgical risk => consider test if will change mgmt, consider b-blocker  
 

Revised Cardiac Risk Index  

   
 High-risk surgery (intraperitoneal, 

intrathoracic, or suprainguinal vascular 
procedures) *  



intrathoracic, or suprainguinal vascular 
procedures) *  

    Ischemic heart disease (by any diagnostic 
criteria) 

    History of congestive heart failure 

    History of cerebrovascular disease 

    Diabetes mellitus requiring insulin[†] 

    Creatinine >176.8 umol/L (2g/dL) 
 

From Lee TH, Marcantonio ER, Mangione CM, et al: Derivation and prospective 
validation of a simple index for prediction of cardiac risk of major noncardiac 
surgery. Circulation 100:1043-1049, 1999. 

*  This risk factor is not considered a clinical predictor in the ACC/AHA 2007 
guidelines for perioperative cardiac evaluation for noncardiac surgery.[7] 

†  This risk factor has been changed to simply diabetes mellitus in the ACC/AHA 
2007 guidelines for perioperative cardiac evaluation for noncardiac surgery.[7] 

 
SURGICAL RISK :  Taken from ACC/AHA 2007 
 

 
 
Here’s Miller 7th ed Version:  
ACC/AHA Guidelines 

 



Step 1 in this guideline algorithm is to determine the urgency of the surgery. If emergency surgery does not allow further assessment, the focus needs to 
be placed on perioperative surveillance (e.g., serial ECGs, enzymes, monitoring) and risk reduction (e.g., HR control, statins, pain management). Clinical 
predictors, functional or exercise capacity, and level of surgical risk guide further diagnostic and therapeutic interventions. 

Step 2 is to determine whether the patient has an active cardiac condition, such as acute MI, unstable or severe angina, decompensated heart failure, 
severe valvular disease (e.g., severe aortic stenosis), or significant arrhythmias (e.g., ventricular tachycardia or atrial fibrillation with a rapid rate), that 
warrants postponement of all except lifesaving emergency procedures (e.g., ruptured aneurysms). After evaluating and treating these conditions 
according to the AHA/ACC guidelines, surgery may be considered if the benefits outweigh the risks. Traditionally, patients who experienced an MI within 
3 to 6 months were considered high risk and surgery was delayed. More recent evidence and the ACC/AHA guidelines suggest that acute MI, defined as 
occurring within the past 7 days, should still be considered high risk and elective surgeries postponed. A recent MI, defined as occurring within the past 
30 days (but more than 7 days) with evidence of myocardium at risk (generally based on persistent symptoms or results of stress testing), is also a high-
risk condition. However, a recent (8 to 30 days previously) MI without evidence of myocardium at risk is considered an active cardiac condition and 
equivalent to any history of CAD. 

Step 3 involves determination of the surgical risk or severity. Patients without active cardiac conditions who are undergoing low-risk surgery (reported 
cardiac risk generally <1%; endoscopic or superficial procedures, cataract, breast, or ambulatory surgeries) can proceed to surgery without further 
cardiac testing other than an ECG within 3 months. 

Step 4 assesses the patient’s functional capacity.  Asymptomatic patients who are highly functional can proceed to surgery. The 2007 ACC/AHA 
guidelines use the RCRI derived from a cohort study showing an incidence of major cardiac events of 0.4%, 0.9%, 7%, and 11% in patients with zero, 
one, two, or three risk predictors, respectively. The RCRI medical conditions have been confirmed in independent studies as valid predictors of risk. 

Step 5 is the last and most complicated determination for patients with poor or indeterminate functional capacity. The presence and number of clinical 
predictors drive the recommendations for and probable benefit of further cardiac testing. Patients with no clinical predictors proceed to surgery. Those 
undergoing vascular surgery with three or more clinical risk factors are the group most likely to benefit from further testing, but the ACC/AHA guidelines 
recommend further testing only “if it will change management.” Patients with one or more clinical predictors undergoing intermediate-risk surgery (1% to 
5% risk for cardiac complications, including orthopedic, intra-abdominal, and intrathoracic procedures) or those with one or two risk factors undergoing 
vascular surgery can either proceed to surgery with HR control or undergo noninvasive testing if it will change management. 

Importantly, no preoperative cardiovascular testing should be performed if the results will not change perioperative management 

INVESTIGATIONS 

• Labs 
o CBC/d, Lytes (diuretics, ACEi etc), BUN, Cr (Renal insuff), PT, PTT 
o LFTs if on a statin 
o +/- ABGs etc. 

• ECG:  
o ‘General consensus suggests that an ECG within 30 days of sx is adequate for those with stable ds’ – ACC/AHA 2007 

Recommendations for Preoperative Resting 12-Lead Electrocardiogram – Miller 7th ed  

Class I  

    A preoperative resting 12-lead ECG is recommended for patients with at least one clinical risk factor * who are undergoing vascular surgical 
procedures 

    A preoperative resting 12-lead ECG is recommended for patients with known congestive heart failure, peripheral arterial disease, or 
cerebrovascular disease who are undergoing intermediate-risk surgical procedures 

Class IIa  

    A preoperative resting 12-lead ECG is reasonable in persons with no clinical risk factors who are undergoing vascular surgical procedures 

Class IIb  

    A preoperative resting 12-lead ECG may be reasonable in patients with at least one clinical risk factor who are undergoing intermediate-risk 
operative procedures 

Class III  

    Preoperative and postoperative resting 12-lead ECGs are not indicated for asymptomatic persons undergoing low-risk surgical procedures 

Class I recommendations: the procedure should be performed; class IIa: it is reasonable to perform the preocedure; class IIb: the procedure may be 
considered; class III: the procedure should not be performed because it is not helpful. 

Adapted from Fleisher LA, Beckman JA, Brown KA, et al: ACC/AHA 2007 guidelines on perioperative cardiovascular evaluation and care for noncardiac surgery. 
J Am Coll Cardiol 50:e159-e241, 2007.  

 
• Echo:  (see table for patients with cardiac murmurs as well as recommendations from ACC/AHA 2007) 

 
 



ACC/AHA Guideline Summary—Echocardiography in Asymptomatic Patients with Cardiac Murmurs *- Miller 7th   

   

 Class I—There is evidence or general agreement (or both) that echocardiography is useful in asymptomatic patients with the following cardiac 
murmurs:  

   •     Diastolic murmurs 

   •     Continuous murmurs 

   •     Late systolic murmurs 

   •     Murmurs associated with ejection clicks 

   •     Murmurs that radiate to the neck or back 

   •     Grade 3 or louder systolic murmurs 
 

   

 Class IIa—The weight of evidence or opinion is in favor of the usefulness of echocardiography in asymptomatic patients with the following cardiac 
murmurs:  

   •     Murmurs associated with other abnormal physical findings on cardiac examination 

   •     Murmurs associated with an abnormal electrocardiogram or chest radiograph 
 

   

 Class III—There is evidence or general agreement (or both) that echocardiography is not useful in asymptomatic patients with the following 
murmurs:  

   •     Grade 2 or softer midsystolic murmurs considered innocent or functional by an experienced observer 
  

From Bonow, RO, Carabello, BA, Chatterjee, K, et al: ACC/AHA 2006 guidelines for the management of patients with valvular heart disease. A report of the 
American College of Cardiology/American Heart Association Task Force on Practice Guidelines (Writing Committee to Revise the 1998 Guidelines for the 
Management of Patients with Valvular Heart Disease). J Am Coll Cardiol 48:e1, 2006. 

 

 

Noninvasive Stress Testing 
(DSE or PMIBI) 

‘Pharmacological stress with 
vasodilators or adrenergic stimulation in 
conjunction with radionuclide or echo 
has been shown to predict periop cardiac 
events in patients who are unable to 
exercise.’ 

Echo 
‘It is noteworthy that resting LV function 
was not found to be a consistent 
predictor of perioperative ischemic 
events’ -- ACC/AHA 2007 
 



 
 
 
• Preoperative Coronary Revascularization with CABG or PCI 

o Does this patient need to be revascularized prior to proceeding with surgery? 
• Class I indications 

1. Stable angina with significant L main disease 
2. Stable angina with 3VD 
3. Stable angina with 2VD AND significant proximal LAD stenosis AND LVEF <50% 
4. High risk unstable angina or NSTEMI 
5. Acute STEMI 

 
• CARP trial: ‘routine coronary revascularization in pts with stable cardiac symptoms before elective vascular surgery does not significantly alter the long 

term outcome or short-term risk of death or MI’  
• DECREASE trial: ‘extensive cardiac ischemia is a risk factor for perioperative cardiac events, and lack of benefit of preop revascularization in 

preventing death or MI’ – NB: small study 
• Do we place a BMS, DES or just do balloon angioplasty?  

o Urgency of noncardiac surgery & the bleeding risk assoc with the sx in a pt taking dual antiplatlet therapy needs to be assessed 
o Refer to ACC/AHA guideline 2007 

 

MIBI 
• Generally more sensitive and specific than 

EST and can also determine LVEF 
• Can either be done with exercise or by 

injecting a coronary vasodilator (e.g. 
dipyridamole/persantine) 

• Will differentiate between fixed and 
reversible areas of ischaemia.  Reversible 
deficits will have the highest periop events. 

• Contraindications: 
o UA or MI within 48 hrs 
o Severe primary bronchospasm 
o Allergy to dipyridamole 

• Consider dobutamine stress echo (DSE) in 
patients with contra-indications (asthma) 

 

DOBUTAMINE STRESS ECHO 
• Presence of wall motion abnormalities at a 

slow heart rate the best predictor of 
perioperative risk.  Large WMA are of 
secondary importance 



 
 
• Balloon Angioplasty 

o Delay surgery for 2 to 4 wks to allow for healing of vessel injury 
• Bare metal Stents 

o In stent stenosis most common after 2 weeks (rare > 4 wks post procedure) 
o Delay elective noncardiac for 4 to 6 weeks  (endothelialization) but not > 12 weeks 
o Practically the Plavix effects last for 1 week so delay Sx for 5 weeks 

• Drug Eluting stents 
o Consider bare metal stent if unable to comply with 12 months of Plavix 
o Avoid DES in patient expected to require invasive surgical procedures 
o Plavix 

 12 months for DES ideal  
 If you can’t take plavix for 12 months then you will need: 

• 3 months for sirolimus minimum 
• 6 months for paclitaxel minimum 

 1 month for bare metal 
o If Plavix is required to be D/C’d continue aspirin if possible and restart Plavix ASAP 

 
Antiplatelet Therapy 

• Dual-antiplatelet therapy with aspirin and clopidogrel carries a 0.4% to 1.0% increased absolute risk of major bleeding compared with aspirin alone 
• Aspirin Tx does NOT need to be discontinued in noncardiac surgery 

o Increases frequency of bleeding 
o Does not increase severity or perioperative mortality due to bleeding complications 

 
 
 
 
 
 
 
 



 
 
 

 
Preoperative medical therapy: ACC / AHA recommendations 
• α agonists:  

 Class IIb for untreated HTN, known CAD or  at least one major RF for CAD 
• CCB: 

 2 small studies – reduced ischemia and SVT but not definite recommendations 
• NTG : 

 Class IIb for prophylactic use in high risk pts who have required nitrates to control angina  
 Must take into consideration the anesthetic plan and the potential for hypotension 
 NTG should be given as IV infusion 

• Statin: 
 Class  I to continue in perioperative period for those already on statin therapy 
 More studies needed in regard to initiating statin therapy preoperatively.  
 Class IIa that statins may have benefit in those undergoing vascular surgery 
 Class IIb that statins may have benefit in those with one clinical risk factor for myocardial ischemia about to undergo an intermediate risk 

surgical procedure 
• B-Blockers (see table from ACC/AHA 2007 guidelines) 

 Do not stop beta-blockade if already on it 
 Initiate therapy for patients about to undergo vascular surgery at high cardiac risk due to signs of ischemia on preoperative testing 
 Probably start in patients about to undergo vascular surgery who have evidence of CAD 
 In the ambulatory surgery population, current evidence does not support beta-blockade for those not currently taking beta-blockers and for 

whom long-term therapy is unwarranted 
o Although unproven, many strive for heart rate near 60 to 70 beats per minute, while maintaining a systolic blood pressure >110 mm Hg.  
o The beta-blockade is usually maintained throughout the perioperative period to achieve maximum effect.  
o Intravenous metoprolol may be given just prior to surgery if inadequate blockade has been achieved with the oral medications. The oral beta-blockers may 

be started several days prior to surgery. 
 Contraindications to preoperative beta-blocker therapy include  

 known allergy to beta-blockers,  
 second- or third-degree heart block,  
 congestive heart failure,  
 acute bronchospasm,  
 SBP <100 mm Hg, HR<60  
 Atenolol (50-100 mg po daily) or metoprolol (25-50 mg po BID) are commonly chosen because of their long action 

& relative β1 selectivity 
 

• POISE trial: data suggest that patients with few or no risk factors may not benefit from beta-blockade and there may even be an increase in the risk of death, 
stroke, and clinically significant hypotension.  

 



 
 
ANESTHETIC OPTIONS (IHD) 
• No one favored technique – no difference in post-op M&M with GA vs RA 

o Maintaining balance b/w myocardial supply/demand more important than specific technique 
• Recognize that all anesthetic drugs have cardiovascular effects and they can all be used provided Anesthetic Goals are maintained 
• Some people advocate narcotic based technique for hemodynamic stability 
• Conflicting evidence regarding use of epidural anesthesia and perioperative myocardial ischemia 
• Regional 

o Good choice for procedures involving the extremities, perineum and lower abdomen 
o Benefits include: excellent pain control into post-op period, ↓ incidence DVT in some patients.  
o Aggressively treat precipitous hypotension with phenylephrine until sufficient IV fluid can be given 
o Marked hypotension avoided by prior volume loading 
o Sympathectomy well tolerated in patients with compensated CHF 

• thoracic epidural continues to show a statistical significant reduction in MI relative risk 
o Avoid patchy regional or excessive sedation which can lead to tachycardia, hypertension, hypoxia and increased PaCO2 (best to convert to GA) 

 
ANESTHETIC SETUP 
• Drugs 

o Consider having vasopressors, inotropes, B-blockers, NTG available 
o Can use atropine/glycol/isoproterenol to treat excessive beta blockade 
o Good glycemic control 

• Equipment 
o Temperature:  

 Hypothermia (<35.5) associated with increased risk of myocardial ischemia 
 Class I recommendation to maintain in normal range 

o ST Segment: 
 Monitoring II (RCA)  and V5 (LAD) only detect ~ 80% of ischemic episodes 
 Three Leads: II, V4, V5 or V3, V4, V5 are best 
 Only a Class IIa recommendation for patients with known CAD or undergoing vascular surgery and a IIb recommendation for patients 

with risk factors for CAD (class III for patients at low risk of CAD) 
o Arterial Line Monitoring 

 Should be performed pre-induction 
o CVP 

 Consider in high blood loss / fluid shift surgery 
o Pulmonary Artery Catheter 

 Low sensitivity, late indicator of ischemia:  
 PCWP ↑ with diastolic dysfx, accentuated a & v waves with steep x & y descents. 
 Able to measure mixed venous O2, CO/CI, calculate SVR, etc.  
 Multiple studies demonstrating ↑ perioperative morbidity (including MI and CHF) in patients with PAC 
 CVP & PCWP correlate if EF > 50% 
 Class IIb recommendation – for  high risk patients undergoing procedures with expected large fluid shifts with anesthesiologists 

experienced in the interpretation of the variables (IIa) 
o TEE 

 Multiple studies documenting improved detection of ischemia when compared with EKG and PAC – regional wall motion abnormalities 
appear before ECG changes 

 However, currently no evidence for use as routine monitor in non-cardiac surgery 
 Limitations: cost, need for extra training to interpret, not inserted until after induction, difficult in prone position, risk of thermal injury or 

esophageal perforation etc. 
 
MANAGEMENT OF ANESTHESIA 
• Induction 

o Slow controlled technique (modify SNS response) 
o High-dose opioid for poor LV – use with BZD + volatile +/- N2O 
o Ketamine alone contraindicated (↑ HR/BP), but ketamine + BZD is useful if poor LVF 
o Avoid HTN response with intubation (fentanyl, lido, esmolol) 

• Maintenance 
o Volatiles depress ventricular function, but promote ischemic preconditioning 



o ‘volatile anesthetics do not cause coronary steal unless profound hypotension (<50 mm Hg) is present’ – Barash 
o No evidence that B-blockers enhance negative inotropic effect of volatiles 

• Emergence: 
o Avoid hemodynamic response to extubation (esmolol, NTG boluses) 
o Maintain B-blockade 
o ↓ MVO2 by ensuring patient warm, comfortable & not nauseated on emergence 

 
DISPOSITION & MONITORING 
• Needs to be observed in setting capable of cardiac monitoring, consider holding for 24-48 hours 
• Supplemental O2 postoperative (up to 48-72 hours) – highest risk period 
• Highest risk of postoperative MI is 24-48 hrs (~72 hours traditionally - Co-existing) 
• Delayed cardiac events usually happen within first 30 days 
• Intraoperative signs of ischemia reflect increased risk of postoperative MI 
• Fluid overload / CHF should be aggressively treated with diuretics and fluid management +/- nitrates 
• Postoperative ischemia is often silent so need index of suspicion 

o May present as hypotension, altered mental status or CHF 
o Order ECGs and enzymes 

• Postoperative MI has high mortality (40-70% - AHA/ACC guidelines) 
• Aggressive pain control 

 
COMPLICATIONS 
• Ischemia 

o Stop procedure (decrease stimulus), 100% O2, identify cause and treat 
o Be prepared to treat with aggressive medical treatment: β-blockers, ASA, NTG 
o Consider stopping surgery +/- cath lab 
o Follow up with 12 lead EKG, trop, post-operative cardiology assessment and possible intervention 

• Heart Failure 
• Arrythmias 

o Ensure adequate oxygenation and ventilation (avoid hyper- / hypocapnia) 
o Check the hemodynamic significance of the rhythm (pulses, BP, arterial line waveform) 
o Diagnose arrhythmia 
o Treat according to hemodynamic significance (medication, electricity) 
o Send bloodwork (Hb, lytes, glucose, Mg, ABG, Trop, dig level) 
o Evaluate for ischemia (STs, possibly TEE) 
o Correct other possible underlying causes:  light anesthesia, halothane, hypothermia, electrolyte abnormalities 
o Proceed to ACLS if proceeds to cardiac arrest 

 
IMPLICATIONS IN PREGNANCY 
• Maternal heart disease is estimated to be present in ~1.6% of all parturients 
• Pregnancy & labor may lead to decompensation 

o CO ↑ 40% during gestation with further ↑ 30-45% during labor 
• 50% of pts with symptoms of heart disease during minimal activity or at rest when not pregnant develop CHF during pregnancy (co-exitsting) 
• Cardiac drugs can cross the placenta – eg: B-blockers can produce fetal bradycardia & hypoglycemia 
• Elimination half-life of digoxin is prolonged in the fetus 
• Electrical cardioversion has no effect on the fetus 
• Must do careful evaluation of pre-existing heart disease when planning anesthetic 

o Consider invasive monitoring well into post-partum period 
o Adequate analgesia (epidural/spinal) can minimize adverse effects of ↑ CO due to pain/anxiety 

 
PATHOPHYSIOLOGY 
• Ischemia results from: 

 increased myocardial metabolic demand 
 decreased myocardial oxygen delivery 

• Supply vs Demand 
 Myocardial oxygen demand — There are four major factors that determine myocardial work and therefore myocardial oxygen demand: 

1. Heart rate 
2. Systolic blood pressure (the clinical marker of afterload) 
3. Myocardial wall tension or stress (product of ventricular EDV & myocardial muscle mass) 
4. Myocardial contractility 

 Myocardial oxygen supply 
1. oxygen carrying capacity of the blood (determined by oxygen tension and Hb level) 
2. the degree of oxygen unloading from Hb to the tissues (related to 2,3 diphosphoglycerate levels) 
3. coronary artery blood flow, which is influenced by the following factors: 

• Coronary artery diameter and vessel tone (resistance) 
• Collateral flow 
• Perfusion pressure, which is determined by the pressure gradients from the aorta to the coronary artery to the left ventricular end-

diastolic pressure (since flow is from epicardium to endocardium) DBP-LVEDP 
• Heart rate, diastolic pressure and diastolic period (since coronary artery flow occurs primarily during diastole). 

• Determinants of O2 demand: 
 Heart rate 

 Increased HR causes an increase in contractility = increased O2 demand 
 Contractility 

 Rate of rise of LV pressure = dP/dt (depends on preload and afterload) 
 Pressure-volume curves 
 Brisk rise in arterial tracing (confounding factors) 



 Predicted from HR, BP, CO 
 Wall stress (Laplace’s Law)  

 Wall stress (T) = pressure x Radius/ 2 (wall thickness) 
 O2 demand increases linearly with chamber pressure reflected by BP.   
 MAP (not peak SBP) correlates with O2 demand. 
 Increased chamber size (preload) leads to more modest increase in O2 demand.  
 Goal is to keep preload low.  Beneficial effect of NTG via venodilation 
 A thicker wall serves to decrease the wall stress, BUT hypertrophy leads to ↑ O2 demand due to the additional tissue O2 requirements  

• Determinants of O2 delivery: 
 Arterial O2 content:  

 CaO2 (ml/L) = (Hgb x %SaO2 x 1.34 ml O2/g x Hgb) + (0.03 x PaO2) 
 Depends on Hgb, SaO2, PaO2 

  Coronary blood flow (see above) 
 Directly proportional to CPP 

• CPP = DBP- LVEDP 
• To optimize CPP aim at high DPB, low LVEDP, low HR 

 Inversely proportional to CVR (coronary vascular resistance) 
• MCQs:  2004, 2007 exams (that I’ve come across so far) have questions asking what dilates or constricts coronary arteries 
Factors that affect CVR include:  

• Increases CVR  
 ↑ PaO2, ↓ CO2, ↓ H+, ADH, angiotensin, thromboxane, α-adrenergic tone, cholinergic tone.  
 PGE2, Histamine H1 receptor (spasm), Ach (↑coronary flow), blood viscosity 

• Decrease CVR 
 ↓ PaO2, ↑CO2, ↑H+, β- adrenergic tone, prostacyclin, PGE1, Histamine H2 receptor 
 Adenosine – directly vasodilates coronaries, it is inversely related to arterial diameter with greatest dilation occurring in smaller vessels. 

PaO2 effects are mediated through adenosine  
• In stenotic coronaries:  

• 50% diameter = 75% reduction in cross-sectional area - angina 
• 75% reduction in diameter = 90 % reduction in cross-sectional area – angina at rest 
• presence of collateral channels 
• patterns of stenosis: 

o LM : poor prognosis (supplies a large portion of LV) 
o High grade stenosis of proximal Cx and LAD – same effect physiologically as LM but better prognosis. 
o Diffuse distal disease 
o Coronary stenosis and associated diseases (LVH) increased risk  of subendocardial ischemia   

• Stable coronary ischemic syndromes presumably occur with increased oxygen demand by the myocardium in a setting of fixed coronary plaques.  
• Unstable syndromes are thought to be the result of active lesions caused by plaque rupture with local thrombus and vasoreactivity that produce intermittent 

critical decreases in coronary oxygen supply. 
• Manifests as: silent ischemia, angina, CHF, dysrhythmias, or MI 

o Ischemic myocardium first causes diastolic dysfunction , then a regional wall motion abnormality 
 These changes precede symptoms or ECG evidence of ischemia 

o Ischemia related cell death (infarction) occurs if coronary occlusion is complete and starts from the subendocardium and spreads to the epicardium (4-6h) 
o Both systolic &/or diastolic dysfx may occur depending on the degree & distribution of the disease 
o Both ischemic and scarred myocardium are arrhythmogenic 

• Risk factors include: male gender, advancing age, hypertension, hyperlipidemia, diabetes, smoking, family history 
• Inflammatory atherosclerosis: lipid laden cells (foam cells – oxidised LDL vasculitis) with eccentric expansion and necrotic core.  Signet ring appearance with 

intimal covering called a fibrous cap. 
o Usually at the shoulder cholesterol crystals extrude through gap in cap, drawn out by blood flow and initiating a coagulation cascade 
o Platlet monolayer forms at site of rupture. Chemical mediators (collagen, ADP, epi, serotonin) stimulate plt aggregation.  
o Thromboxane A2 causes vasoconstriction.  
o Glycoprotein IIb/IIIa receptors on plts are activated resulting in increased adhesion causing growth and stabilization of plaque.  

• NSTEMI: embolization of  plts/clot fragments into microvasc → ischemia & downstream vasoconstriction  
• STEMI: plaque thrombus 
REFERENCES 

• ACC/AHA Guideline Update on Perioperative Cardiovascular Evaluation for Noncardiac Surgery. ACC/AHA Practice guidelines 2007 
• Miller 7th ed. Ch 34, 35, 60 
• Barash  6th ed – Ch 23, 42 
• Co-Existing 5th ed – Ch 1, 23 
• Uptodate 

 
 
 
 
 
 
 


