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Perioperative Myocardial Infarction 
Introduction 

In Greek Mythology, Pandora was given a sealed boxed from the Gods. She was given strict 
instructions not to open it, but unfortunately her curiosity got the better of her and she did. 
Unfortunately, she released all the illness, pain and evils into the world. Today when we refer to 
Pandora’s Box we think of “a process that once begun generates many complicated problems”, 
and this certainly holds true for myocardial infarction in the surgical population. 
 
Worldwide, an estimated 312 million adults undergo surgery annually.1 Following non-cardiac 
surgery, approximately 3.3 million patients have a perioperative myocardial infarction (PMI) and 
4.6 million have myocardial injury after non-cardiac surgery (MINS).2 In a small local study of 
140 patients admitted to ICU in Inkosi Albert Luthuli Hospital, Kisten and Biccard have shown 
that in our vascular patients, 24.3% had PMI and a further 25% had MINS3. The importance of 
this complication relates to prolonged hospital stay, increased medical cost and perioperative 
deaths. 
 
The aetiology, classification and prognosis of PMI has been an urban legend for the past 75 
years. It has frustrated cardiologists and perioperative clinicians alike. In an editorial for the 
American journal, Anesthesiology, London describes a historical review with regards to what 
constitutes MI, its subtypes and the treatment strategies that we have come to form the basis of 
our treatment guidelines.4 Since the first isolated case reports of PMI in the 1930s to the 
landmark trials of the VISION study, our understanding of this clinical entity is improving. 
 
The current literature focuses on the determination of a rapid and reliable detection of PMI and 
has been the objective in the recent Canadian Cardiac Society (CCS) guideline for cardiac risk 
assessment5. 
 
Research is lacking in terms of therapeutic interventions following MI as determined by Ryan et 
al in a systematic review6.  This may be attributed to the different pathophysiology of PMI where 
factors such as hemodynamic instability, pro-coagulation, sympathetic stress, bleeding and 
hypoxia are thought to have an influence. 
 
This booklet will highlight the risk stratification and preventative measures in the management of 
acute coronary syndromes in perioperative patients. 
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Definitions and Key Concepts  

Acute coronary syndrome encompasses a spectrum of conditions of varying myocardial states 
of ischemia. A task force comprising of the World Health Organization (WHO), the European 
Society of Cardiology (ESC) and the American College of Cardiology (ACC) have collaborated 
to release the 4th Universal definition of Myocardial infarction (2018) in order to better define 
myocardial infarction7, 8. They introduced a classification system for MI. MI can be categorized 
as: 
 
Type 1 Spontaneous MI due to a coronary abnormality resulting in intraluminal 

thrombus impeding coronary blood flow 
Type 2 MI secondary to ischemic imbalance in which a condition other than 

artery disease contributes to an imbalance between supply and demand 
Type 3 Cardiac death due to MI even in absence of biomarker or 

electrocardiogram evidence 
Type 4A and 4B MI associated with percutaneous coronary intervention or stent 

thrombosis 
 

Type 5 MI associated with cardiac surgery 
Myocardial Injury changes based on serial troponin testing without other cardiac 

manifestations 
Table 1: Fourth Universal Definition of Myocardial Infarction (2018) categories. Adapted from 
Thygesen K, Alpert JS, Jaffe AS, et al. Fourth universal definition of myocardial infarction. J Am 
Coll Cardiol8 

 
In order to guide immediate treatment strategies such as reperfusion therapy, patients can be 
categorized into two groups, depending on evidence from electrocardiogram and biochemical 
findings. This would put patients in the following categories: 

• ST-elevation MI (STEMI) 
• Non-ST- elevation MI (NSTEMI) – characterized by troponin rise 
• Unstable angina – with no myocardial cell necrosis or troponin increase. 

 
Controversy arises when we look to define Perioperative MI (PMI). The term “Myocardial 
Infarction” is used when “there is evidence of myocardial necrosis in a clinical setting consistent 
with acute myocardial ischemia”8. However, surgical patients may be asymptomatic and MI may 
only be picked up based on an elevated Troponin level.  
 
In 2012, the Vascular events In non-cardiac Surgery patients cohort evaluation (VISION) study 
demonstrated that the peak troponin T (TnT) value within the first 3 days of surgery was a 
strong independent predictor of 30-day mortality, in patients with both ischemic and non-
ischemic features9.  They coined the term Myocardial Injury after Non-cardiac Surgery to 
represent myocardial cell injury during the first 30 days after non-cardiac surgery, where there is 
no ischemic cause9,10.  
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Pathophysiology 

Two mechanisms may lead to perioperative myocardial infarction (PMI):8,11 

1. ACS due to a primary coronary event:  
• Occurs peri-operatively when coronary plaques rupture or fissure leading to 

coronary thrombosis.  
•  After surgery, catecholamines and cortisol levels increase. This is exacerbated in 

the presence of anaemia, hypothermia, or pain.  
• Tachycardia and hypertension from surgery may cause shear stresses leading to 

plaque rupture. This process is compounded by a pro-coagulant and pro-
thrombotic state that develops with elevated levels of fibrinogen, factor VIII, and 
von Willebrand factor, increased platelet activation and decreased levels of protein 
C and antithrombin.  

• According to the universal classification of myocardial infarction, this is defined as 
a type 1 myocardial infarction8, 11. 

2. Reduced myocardial oxygen supply to demand ratio:  
• Associated with intraoperative and postoperative hypotension, hypertension, 

tachycardia, anaemia, hypoxaemia, hypercarbia, and hypothermia. 
• Represents a spectrum from minor myocardial ischaemia with low-level troponin 

increase to prolonged overt ischaemia in multiple ECG leads with significant 
myocardial necrosis and high troponin elevation.  

• This is defined as a type 2 myocardial infarction8, 11. 

 
Figure 1: Pathophysiology of Perioperative MI, taken from Allison M, Perioperative Myocardial 
infarction, Refresher Course, South African Journal of Anaesthsiology and Analgesia, 201112 

A recent study by Helwani et al sought to determine the aetiology of PMI13. This retrospective 
cohort study identified patients who underwent coronary angiography for acute coronary 
syndrome within 30 days of non-cardiac surgery in a single centre. They concluded the 
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dominant mechanism of PMI was demand ischemia with Non-STEMI changes on ECG. 
Although the study population in this study was highly selective and possibly missed the cases 
presenting with sudden death or poor capturing, it does provide evidence to set up future 
management goals.13 

Pre-Operative Considerations 

Risk Evaluation Scoring Systems 
The goal of perioperative risk assessment is to assess an individual patient’s cardiac risk in 
order to direct further testing and treatment. These scoring systems focus on past medical 
history and surgical risk factors. 

The recent CCS guideline recommends cardiac risk stratification in patients with the following 
characteristics5: 

• 45 years of age or older 
• Patients 18 – 44 years of age with known significant cardiovascular disease undergoing 

non-cardiac surgery requiring overnight hospital admission. (See Appendix 2) 
A variety of risk assessment tools have been developed and are used in clinical practice. The 
tools available include: 

• RCRI score by Lee and Goldman (1999) 
• Gupta risk calculator (2011) 
• ACS NSQIP risk calculator (2013) 

 
Revised Cardiac Risk Score (RCRI) 
The first cardiac risk score for non-cardiac surgery was developed by Goldman et al in 1977. It 
consisted of 9 variables associated with increased risk for myocardial adverse cardiac events 
(MACE).  In 1999, Lee et al modified and simplified the Goldman index to a score of 6 independent 
predictors that increased the risk of cardiac complications were identified from a single centre 
prospective cohort study of 2893 patients over 50 years undergoing non-cardiac surgery. Due to 
its simplicity, it has been the gold standard in the risk assessment of cardiovascular events.4, 5, 20 

Variable Points 

History of ischemic heart disease: 
Defined as a history of myocardial infarction, positive exercise test, current 
complaint of ischemic chest pain or nitrate use, or ECG with pathological Q 
waves: patient with previous coronary bypass surgery or angioplasty meet 
criteria if they have such findings after the procedure 

1 

History of congestive cardiac failure: 
Defined as a history of heart failure, pulmonary oedema, or paroxysmal 
nocturnal dyspnoea; an S3 gallop or bilateral rales on physical examination; or 
a chest x-ray showing pulmonary vascular resistance 

1 

History of cerebrovascular disease: 
Defined as stroke or transient ischemic attack 

1 

Use of insulin therapy of diabetes 1 
Perioperative serum creatinine >177µmol/L (>2.0mg/dL) 1 
High-risk surgery 
Defined as intraperitoneal, intrathoracic, or suprainguinal vascular surgery 

1 

Table 2: Computation of the Revised Cardiac Risk Index score. Taken from Duceppe E, Parlow 
J, MacDonald P et al. Canadian Cardiovascular Society Guidelines on Perioperative Cardiac 
Risk Assessment and Management for Patients Who Undergo Noncardiac Surgery. Can J 
Cardiol [Internet]. 20175 
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Total RCRI points  Risk Estimate % 95% CI for the risk estimate 

0 3.9 2.8 – 5.4 % 

1 6.0 4.9 – 7.4 % 

2 10.1 8.1 – 12.6% 

≥3 15.0 11.1 – 20% 

Table 3: Total RCRI score and corresponding risk of myocardial infarction, cardiac arrest or death at 30 
days after non-cardiac surgery. Taken from Duceppe E, Parlow J, MacDonald P, et al. Canadian 
Cardiovascular Society Guidelines on Perioperative Cardiac Risk Assessment and Management for 
Patients Who Undergo Noncardiac Surgery. Can J Cardiol [Internet]. 20175 

In 2009, Ford et al performed a systematic review to evaluate the ability of the RCRI to predict 
cardiac complications and death after noncardiac surgery14. They concluded that, although 
validated and useful in predicting outcome in low-risk patients vs. high-risk patients, it had the 
following pitfalls: 

• It poorly predicted outcome in vascular surgical patients 
• It was accurate in predicting risk for elective major non-cardiac surgery but was less 

accurate in emergency or urgent surgery, and 
• It does not include other non-cardiac risk predictors of perioperative mortality and 

therefore could not predict all causes of mortality. 
 
Much research has been done with the aim to improve the ability of the RCRI to discriminate 
risk. Biccard and Rodseth reviewed the utility of clinical risk predictors for preoperative 
cardiovascular risk prediction15-18. They suggested that future risk prediction models should 
include: 

• The use of biomarkers such as Troponins and Natriuretic Peptides 
• Risk factors which can be used to measure organ dysfunction 
• Age appeared to be an important modifier of risk and should be included 
• The type of surgery and associated duration and blood loss 
• Intra-operative hemodynamics such as heart rate and blood pressure 
• Intra-operative blood transfusion 

 
The CCS guideline advocates for the use of the RCRI, over the other risk scores, with the risk 
estimates indicated in Table 3. These risk assessments are higher than those from the original 
study because external validation studies included emergency surgery patients and monitored 
troponin measurements instead of creatinine kinase.5  

 
ACS NSQIP universal surgical risk calculator19 

This surgical risk calculator was developed from data obtained from the ACS NSQIP 
programme in the United States in 2013. It is a web-based tool consisting of multiple 
parameters with the aim to provide individualized patient risk with excellent performance in 
predicting outcome.16 However, it is time consuming and may not be applicable to populations 
outside the USA.  
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Gupta myocardial infarction/cardiac arrest NSQIP risk model20 

The NSQIP database was also used to identify intraoperative and postoperative risk factors for 
myocardial infarction or cardiac arrest. This score identifies 5 independent predictors, namely: 
type of surgery, dependent functional status, abnormal creatinine, ASA classification, and 
increased age.20 

It has been well validated within the NSQIP population and performed better than the RCRI. 
Despite this, it has the following limitations: it is cumbersome to use in comparison to other risk 
calculators, it only uses preoperative variables, it does not include the indication for surgery and 
it also uses ASA score. This score also defines Myocardial infarction as “troponin leak that is 
three times the normal value and abnormal ST-segments” which may result in missed cases20.  
 

Coronary Computed Tomographic Angiography (CCTA) 

The development of advanced cardiac imaging modalities has greatly broadened the field of 
medicine. Its usefulness may extend to improving cardiac risk stratification by shifting the focus 
to anatomic imaging21. The VISION CCTA study was the highest quality study exploring this 
idea. The results of VISION-CTA demonstrated that, compared with the RCRI alone, findings on 
preoperative CCTA improved risk estimation among patients in whom perioperative cardiac 
events occurred. Unfortunately, CCTA overestimated this risk nearly fivefold. Overestimation of 
cardiac risk may result in delays, cancellations of beneficial surgery, or inappropriate use of 
postoperative high-intensity beds. Therefore, the CCS guidelines recommend against 
performing pre-operative CCTA to enhance cardiac risk stratification.5 
 

Medication Considerations 

Recommendations made by the Canadian Cardiovascular Society in terms of the management 
interventions of perioperative cardiac events are as indicated5: 

 
Table 4: Management interventions targeting the prevention of perioperative cardiac events. Taken from 
Duceppe E, Parlow J, MacDonald P, et al. Canadian Cardiovascular Society Guidelines on Perioperative 
Cardiac Risk Assessment and Management for Patients Who Undergo Noncardiac Surgery. Can J 
Cardiol [Internet]. 20175 
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Beta-blockers 
Recommendation:  

• Beta-blockers should not be initiated within 24 hours before surgery5 
• B-blockers may be continued during the perioperative period among patients who are 

taking beta-blockers chronically5 

The PeriOperative ISchemic Evaluation (POISE) trial, published in 2007, was as a randomized 
controlled trial that demonstrated perioperative beta-blockade significantly reduced the risk of 
perioperative myocardial infarctions22. However, patients treated with beta-blockers also 
experienced significantly higher rates of stroke and death. The controversy surrounding this 
study stemmed from the dose and type of beta-blocker used (i.e. high dose, and long acting) 
and the timing of the dose (i.e. at induction) which may have contributed to periods of 
hypotension. Despite these challenges, the POISE study demonstrated the need for 
individualized heart rate control. The aim of heart rate control would be avoiding tachycardia in 
order to decrease myocardial demand. More research is required23. 

Angiotensin-converting enzyme inhibitors (ACEi) and Angiotensin-receptor blockers 
(ARBs) 
Recommendations: 

• Withhold ACEi/ARB 24 hours before surgery5 
• Consider recommencement on day 2 post surgery if hemodynamically stable5 

This recommendation was based on 3 small RCTs that showed continuation of ACEi/ARBs was 
associated with an increased risk of intraoperative hypotension. Two of these studies were 
based on patients undergoing vascular surgery, while the third based on patients undergoing 
unspecified general surgery. Of the 3 trials, one trial reported on cardiovascular 
complications, but the number of events was too small to draw any conclusions.5 The 
evidence from the POISE trial has supported that hypotension, typically in the postoperative 
phase, is independently associated with an increased risk of death, myocardial infarction, 
and stroke22. 

Statin 
Recommendation: 

• Continue statin therapy perioperatively in patients on statins5 

The incidence of perioperative MI may be reduced by statins, however, there are no large trials 
to support this.5 In terms of initiation of statin, there have been 3 small trials in patients 
undergoing vascular surgery (178 patients) that showed there were very few cardiac events 
and no effect on all-cause mortality, cardiac mortality, and nonfatal myocardial infarction. An 
RCT of 550 patients admitted for an urgent/emergent surgery and had been taking chronic 
statin therapy showed 3.6% of patients who received a statin and 8.0% who received a 
placebo suffered a myocardial infarction, at 30 days. This evidence may support the 
continuation of statin in the perioperative phase5. 

 Alpha 2 Agonist 
Recommendation: 

• Should not be initiated for the prevention of perioperative cardiac events5 

There is no supporting evidence of benefit from prophylactic preoperative clonidine. Clonidine 
has the potential to reduce any adverse impact of the high catecholamine state associated with 
surgery. However, POISE-2 trial found no benefit to its routine use in prevention of perioperative 
cardiac events.24 In POISE-2, clonidine did not reduce the rate of death or MI at 30 days. 
Clonidine did, however, increase the risk of clinically important hypotension and nonfatal cardiac 
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arrest. A Cochrane systematic review of clonidine in non-cardiac surgery also found no benefit 
in reducing death, MI, or stroke but evidence of increased bradycardia and hypotension25. 
However, it should be continued in patients already taking it to prevent rebound hypertension 
from abrupt withdrawal.24 

Aspirin 
Recommendation: 

• Aspirin should not be initiated for the prevention of perioperative cardiac events 
• Discontinue Aspirin at least 3 days before surgery to reduce risk of major bleeding 
• The decision to continue aspirin should be based on individual risk vs benefit with 

regards to thrombotic complications. 

Oprea and Popescu suggested a simplified algorithm to aid in the decision with regards to the 
management of antiplatelet therapy26. This algorithm incorporates the evaluation of risk of 
bleeding, the type of stent, the duration of stent insertion and urgency of surgery.  

 
Figure 3: Suggested algorithm for the management of antiplatelet therapy for non-cardiac 
surgery in the context of risk of bleeding from Oprea A, Popescu W. Perioperative management 
of antiplatelet therapy. Br J Anaesth 201326 
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Table 5: Drugs used in the treatment of ACS from C Reed-Poysden, KJ Gupta Acute coronary 
syndromes, BJA11 
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Intra-Operative Considerations 

The intra-operative period can be optimized to minimize the risk of MINS.  

Physiological Targets 

As discussed, the myocardial supply-demand imbalance may influence the development of 
myocardial ischemia. Factors that may be modified to improve the myocardial oxygen supply 
include the oxygen content of blood (i.e. the haemoglobin concentration and SaO2) and 
coronary blood flow (which is increased by increasing mean arterial blood pressure, the diastolic 
time, and calibre of coronary arteries). Factors that increase myocardial oxygen demand include 
increasing heart rate, myocardial wall tension, myocardial contractility and afterload.27, 28 

 
Physiological goals to INCREASE 
myocardial oxygen Supply 

Physiological Goals to DECREASE 
Myocardial Oxygen Demand 

Low – Normal heart rate Low – Normal heart rate 
High oxygen content of blood ( Increase SaO2, 
Increase Hb) 

Low myocardial wall tension or afterload (avoid 
hypertension and excessive fluid 
administration) 

Reduce coronary vascular resistance Avoid increased myocardial contractility 
Low Left Ventricular end diastolic pressure  

Table 6: Determinants of Myocardial Oxygen Demand and Supply, taken from Heather Short, 
ATOTW 375 — Perioperative Myocardial Ischaemia in Non-cardiac Surgery27 

i. Oxygen:  
There is evidence to suggest that hyperoxia may increase infarct size in acute STEMI. It has 
been theorized that high-flow oxygen may reduce epicardial coronary blood flow, to increase 
coronary vascular resistance, which may lead to functional oxygen shunting. Fonnes et al did a 
post hoc analysis of the PROXI trial looking at the impact of hyperoxia on cardiovascular 
complications after abdominal surgery.29 The study had a total of 1386 patients undergoing 
either elective or emergency laparotomy were randomised to 80% versus 30% oxygen during 
and two hours after surgery. The primary outcome, acute coronary syndrome, occurred in 2.5% 
versus 1.3% in the 80% versus 30% oxygen group29. This would support the aim to maintain 
normal oxygen saturation, using the lowest possible FiO2. 

ii. Transfusion thresholds:   
Carson et al published two studies that looked into transfusion triggers in patients with acute 
coronary syndrome30, 31. Their evidence suggests a higher transfusion threshold (Hb >10 g/dL) 
might result in a better outcome in this group of patients. However, there was no survival benefit 
demonstrated in higher transfusion thresholds for those patients at risk of perioperative 
cardiovascular disease. A recent review of anaemia and acute coronary syndrome by Stucchi 
M, highlighted the recommendation of a transfusion trigger of Hb <8 g/dL in hemodynamically 
stable patients and stated that unstable ACS patients could benefit from Hb levels between 8 
and 10 g/dL. More studies are needed to determine specific Hb limits in patients with cardiac 
disease.32 

 
iii. Temperature control:  

Some studies suggest mild hypothermia is associated with increased perioperative myocardial 
ischemia and cardiac events when compared with normothermia. However, the mechanism for 
this is poorly understood.27 
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Anaesthetic Technique 

No specific anaesthetic technique has been proved to prevent myocardial ischemia 
A few small studies have shown there is no statistically significant difference between general, 
neuraxial or regional anaesthetic technique27. These studies may have been underpowered or 
may have been biased in high-risk patients. 
There is insufficient data to recommend TIVA or volatile as a preferred option in the prevention 
of myocardial ischemia. Nitrous oxide may be safely used27. 
 
Intra-operative monitoring 
Monitoring should be dictated according to the baseline risk assessment. 
Options include: 

1. ECG:  
ECG is a standard of care according to SASA guidelines. It is an easy, non-invasive 
means of monitoring for MI. Automated ST-segment analysis can be used to alert one 
to ECG changes. 
 
A study by London et al looking at continuous 12-lead ECG monitoring 
intraoperatively of 105 patients undergoing non-cardiac surgery showed that 
sensitivity for detection of ST-segment changes using a single lead was greatest in 
V5 (75%) and V4 (61%). By combining II, V4, and V5, the sensitivity increased to 
96%. The further addition of V2 and V3 (five leads) increased sensitivity to 100%. 
This study supports the use of 5 lead ECG patients at risk for ischemia. V4 showed 
greater sensitivity than lead II for changes in the ST segment. The use of lead II is 
superior for detection of atrial dysrhythmias. This supports that the combination of 
these leads would improve detection of ST-segment changes.33 

 

2. Blood pressure Measurement:  
Intra-operative hypotension has been associated with adverse cardiac events38. 
Accurate measurement and timely treatment of hypotension is important in high-risk 
patients. An arterial line would give accurate real-time blood pressure measurement 
to aid appropriate management.  
 

3. Transoesophageal Echocardiography (TOE):  
TOE is useful in detecting regional wall motion abnormalities and may play a key role 
in the diagnosis of on table myocardial infarction. However, the use of TOE comes 
with its own risks and its interpretation is operator dependant5. 
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Diagnosis of Ischemia and Infarction during the Intra-Operative Period   

Clinical Presentation 

During the intra-operative period, symptoms of ischaemia (such as pain in the chest, mandible, 
or upper extremity) may be absent. Signs that may elude to ischaemia include tachycardia, 
haemodynamic instability, and clinical evidence of pulmonary congestion27, 34.  
  
In this case, a 12 –lead ECG may be helpful in making a diagnosis. ECG criteria to diagnose 
acute myocardial ischaemia require at least 2 anatomically contiguous lead with the following25: 

i. ST-elevation at the J point of at least 1mm (depending on location) or 
ii. ST depression of at least 0.5 mm, and/or T wave inversion of at least 1 mm. (See 

Appendix 3) 
Transoesophageal or transthoracic echocardiogram may assist in the confirmation of the 
diagnosis in the unstable patient and troponin levels may provide a clue to diagnosis. 
 
 
Intraoperative Myocardial Ischemia Management Strategies 

Optimize Myocardial Oxygen Supply and Demand Balance 
Once suspicion of MI has been made, surgery may be paused while the situation is stabilized. 
The patient should be optimized according to the physiological goals mentioned above. 
 
Abandoning surgery 
In terms of abandoning surgery for further stabilization, the current intra-operative stability of the 
patient, urgency of surgery and the ability to stop surgery rapidly if further deterioration occurs 
should be considered. This will be a situation-specific decision and involves a multidisciplinary 
discussion.  If the surgery is to continue, an experienced surgeon to ensure the shortest surgical 
time might benefit the patient. 
 
Consult the cardiologist 
Cardiology opinion is recommended in cases of ST-elevation MI or haemodynamic instability. 
This is especially so when there is a need to consider PCI.  
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Figure 4. Management plan for suspected PMI. Taken from Perioperative myocardial infarction, 
Alison M12. Original from Landesberg G, Beattie WS, Mosser M et al. Circulation 2009. 
 
 
Diagnosis of Ischemia and Infarction during the Postoperative Period  

During the post-operative phase, symptoms of myocardial ischemia is absent or atypical. This is 
due to the influence of anaesthetic and analgesic drugs. This was demonstrated in the POISE 
trial where approximately 65% of the patients with MI did not experience ischemic symptoms22.  
 
The diagnosis of perioperative myocardial infarction (MI) may be confirmed with a highly 
sensitive troponin with at least one of the following present23:  

• symptoms of ischemia,  
• new or presumed new significant ST-segment/T wave changes or new left bundle branch 

block,  
• development of pathological Q waves on the electrocardiogram (ECG),  
• new or presumed new imaging evidence of loss of viable myocardium or regional wall 

motion abnormality, or 
• identification of an intracoronary thrombus by angiography or autopsy 
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In this setting, the key to the diagnosis of MI is the presence of a changing pattern of values of 
cardiac troponin.  
The clinical situation may not always be clear cut. Various situations may occur and these 
include: 

• No baseline Troponin is available. In this situation, new pathologic Q waves on the ECG 
can be used to define acute MI.   

• Uncertain diagnosis after considering symptoms, ECG changes, and the results of 
biomarker testing. In an uncertain diagnosis, information from additional non-invasive 
studies (such as a new wall-motion abnormality or fixed defect on echocardiography, or 
radionuclide myocardial perfusion imaging) may be needed25. 

 
Ischemic changes on ECG may be an imperative finding. The VISION study, which used non-
high sensitivity troponin, found that about 35% of patients had an ischemic ECG finding9. T 
wave inversion and ST depression were the most common findings (23% and 16%, 
respectively). Patients who suffer myocardial injury after non-cardiac surgery (MINS) may have 
experienced ischemic ECG changes at some point in their postoperative course, but these 
changes are likely frequently missed for the following reasons:  

• Most patients do not experience ischemic symptoms to trigger obtaining an ECG during 
the period of ischemia;  

• Most ECGs are obtained after detection of an elevated troponin, which is usually 
obtained at 24-hour intervals after surgery; and  

• A troponin elevation only occurs hours after the initiation of an ischemic event. 
 
Evidently, the diagnosis of MINS may be appropriate only when a diagnosis of acute MI is not 
fulfilled in the post-surgery period. In this case, MINS would be deemed present when there is 
an elevated troponin but no symptoms or ECG or non-invasive testing abnormalities (e.g. 
echocardiography). In addition, these patients should have had a non-ischemic cause of an 
elevated troponin excluded25. 
 
 
Postoperative Myocardial Ischemia Management Strategies 

The three types of perioperative event that may occur include:  
• ST-elevation MI (STEMI),  
• Non-ST elevation MI (NSTEMI), and  
• Troponin elevation without other criteria for MI (MINS). 

 
ST-elevation MI  
Patients with perioperative STEMI are at high risk for death without usual STEMI care, and this 
group of patients are at high risk for bleeding complications. The treatment aim in this patient 
group would be to treat the thrombotic/ischaemic complications while minimising the bleeding 
risk. Research is needed to find this balance. The decision to proceed with urgent primary 
percutaneous coronary intervention can be made after multidisciplinary discussion35. 
 
In patients in whom revascularization is not possible, patients who receive no reperfusion 
therapy, guidelines recommend one year of aspirin plus a P2Y12 receptor blocker (dual 
antiplatelet therapy)25,35.  
(See Appendix 4) 
 
Non-ST elevation MI  
There are no randomized control trials support the management of NSTEMI in the postoperative 
period. In 2008, Mauck et al reviewed postoperative cardiac complications and suggested that 
the initial management of NSTEMI include the traditional Morphine, Oxygen, Nitroglycerin and 
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Aspirin and include unfractionated heparin if there is minimal bleeding risk. This may not be 
ideal as these patients are bleeding risks and may be hypotensive.36 

Devereaux et al suggested in patients with suspected NSTEMI, the following is recommended 

• Start aspirin (when the bleeding risk is acceptable) and statin in all such patients 
• With regards to beta-blockers, the consensus is unclear with some experts using them in 

all patients while others use them in those with moderate or large MI, untreated 
hypertension, or those who need rate control in atrial fibrillation. 23,25,37 

  
It is also important to establish if the patient is hemodynamically stable or unstable. 
In hemodynamically unstable patients, early coronary angiography can be considered and a 
decision to revascularize and use aggressive antithrombotic therapy may be taken. 
 
In a hemodynamically stable patient, with no evidence of recurrent ischemia, referral to 
cardiology for risk stratification and possible angiography. Coronary angiography is indicated 
when it is felt that the knowledge of coronary anatomy will influence decisions regarding 
revascularization or changes in medical therapy. 25, 37 (See Appendix 5) 
 
Troponin elevation without other criteria for MI (MINS) 
 

 

Figure 5: Proposed algorithm for the management of patients with MINS from Bruce M. Biccard, 
Miodrag Filipovic, Victoria Koenig, Hans Ricklic, Perioperative myocardial infarction: invasive vs 
conservative approach31 

 
An integral part of preventing and treating MINS is preventing myocardial oxygen supply and 
demand mismatch. 
At present, there is no consensus on the optimal management or drug treatment of MINS. The 
most recent Canadian Cardiovascular Society guideline recommends obtaining daily troponin 
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measurements for 48 -72 hours after non-cardiac surgery in patients who have a >5% risk of 
major adverse cardiovascular events.5 
 
A review article by Biccard et al looked into an invasive vs conservative approach to 
perioperative myocardial infarction.37 Postoperative myocardial infarction most frequently occurs 
in the first 3 days, often in the first 24 hours, after surgery. As there is no evidence from 
randomized control trials to guide the management of PMI, the management plan was 
formulated on the basis of the pathophysiology and coronary anatomy (Figure 5). 
 
Antiplatelet therapy 
The use of low-dose Aspirin (50-150mg/day) has been shown to be beneficial in the prevention 
of MI. This was demonstrated by the findings of the POISE-2 trial in which patients who had 
started receiving ASA and statin had a significant reduction in 30-day mortality. It should 
be started in all patients with unstable angina/NSTEMI.  However, there may be an 
increased risk of bleeding and the risk of bleeding should be weighed against the risk of 
further ischemia.25, 37 

 
Dual antiplatelet therapy may be an option depending on the indication, surgery and 
pharmacokinetic properties of the agents. There are no trials to support the use of novel oral 
anticoagulants at present. New reversible P2Y12 receptor inhibitors (such as Cangrelor) have 
better antiplatelet properties but have yet to be investigated in the setting of PMI27. 
 

Statin 
There is weak evidence to show the benefit of statin use for the acute management of PMI. 
Statin therapy can be started as early as possible. The benefit of statins is thought to be related 
to pleiotropic effects, i.e. primarily reducing inflammation and stabilizing plaques27. 
 
Beta-blockers 
There are varying opinions on the use of beta-blockers. Some experts recommend their use in 
all patients while others use beta-blockers only in those with moderate or large MI, untreated 
hypertension, or those who need rate control in atrial fibrillation. In order to avoid hypotension, it 
is recommended the beta-blocker be commenced 2 to 3 days post surgery27. 

Anti-coagulation 
The Management of Myocardial injury after non-cardiac surgery trial (MANGE) evaluated the 
impact of anticoagulation on perioperative vascular complications after MINS39. The results of 
this trial indicate that addition of Dabigatran in the treatment plan among patients with evidence 
of MINS had a lower rate of cardiovascular complications. This study also highlighted the need 
for further studies into the pharmacological management.  
 
Revascularization 

Although we cannot predict which patients will benefit from coronary intervention, once a patient 
has sustained a PMI, coronary angiogram is indicated40. The timing of coronary angiography is 
a topic of much debate.  
 
The recommendation by the CCS suggests that in patients with stable acute coronary 
syndrome, myocardial revascularization prior to non-cardiac surgery to improve perioperative 
outcomes of non-cardiac surgery is not recommended5. 
 
There are some exceptions to this recommendation. Some patients will need revascularization 
with coronary artery bypass graft surgery or percutaneous coronary intervention to improve 
long-term survival or, on occasion, to improve the quality of their life. This is the case in those 
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with significant left main coronary artery disease. The debate lies in the timing of 
revascularization relative to the planned non-cardiac surgery. This should be determined by the 
relative benefits and risks consequent to choosing one procedure to be performed before the 
other.25, 37 

 
The form of revascularization may allude to the potential delays in proceeding with non-cardiac 
surgery. Some surgeries can be performed as early as four weeks after CABG as long as the 
sternum has healed such that it can tolerate any stress associated with the non-cardiac surgery 
and recovery, while some patients may need to wait 3 – 4 months to recover.27 

 
For patients undergoing coronary artery stenting, elective non-cardiac surgery will need to be 
deferred until after the minimum recommended duration of dual antiplatelet therapy for each 
type of stent in order to minimize adverse cardiovascular events.27 

 
The Coronary Artery Revascularization Prophylaxis trial was a randomized comparison of 
planned preoperative revascularization (with either percutaneous coronary intervention [PCI] or 
CABG) and no plan for preoperative coronary revascularization in patients with stable coronary 
disease undergoing major vascular surgery41. Both groups received usual medical therapy with 
approximately 80% of both groups receiving beta-blockers and aspirin and over 50% receiving 
statins and angiotensin converting enzyme inhibitors. This trial demonstrated that in patients 
with stable coronary artery disease, pre-operative coronary revascularization does not provide 
any benefit in terms of reducing the risk of myocardial infarction or mortality. These findings 
supported the recommendation that coronary revascularization be reserved for patients with 
symptomatic coronary artery disease, as well as, that medical management with perioperative 
beta-blockers and statins may be suitable alternatives to revascularization in patients with 
asymptomatic coronary artery disease41. 
 
Post-operative management 
The patient will require intensive monitoring in a high care setting with serial ECGs or Troponins 
depending on the index of suspicion of MI. Good analgesia and euvolemia should be 
maintained with multidisciplinary input. 
 
 
Conclusion 

Perioperative MI is an important entity with prognostic implications. Identifying patients at risk 
while ensuring a good balance between myocardial supply and demand can greatly improve 
perioperative outcomes. Research is ongoing but, much like Pandora’s Box, the more we try to 
find answers, the closer we are to closing the lid on the box. 
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Appendices  

Appendix 1: 4th Universal Definition of MI 
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Appendix 2 Peri-operative risk assessment and postoperative monitoring flow diagram. 
Taken from: the Canadian Cardiovascular Society Guidelines on Perioperative Cardiac 
Risk Assessment and Management for Patients Who Undergo Non-cardiac Surgery5. 
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Appendix 3: ECG findings 

 

ECG 1: Anterioseptal MI: ST elevation is maximal in the anteroseptal leads (V1–4). Q-waves 
are present in the septal leads (V1–2). Less obvious ST elevation in I, aVL, and V5, with 
reciprocal ST depression in lead III. 11 
 

 

 

ECG 2: ECG changes possible in NSTEMI: T-wave inversion in the anterioseptal chest leads.11 
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Appendix 4: Prevention of bleeding in STEMI patients from Dr. Suma M. Victor Dr. Ajit 
Mullasari Complex STEMI management: treatment of STEMI in patients with bleeding risk 
European Journal of CardiologyVol. 14, N° 29 - 15 Nov 2016  
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Appendix 5: Suggested algorithm for the management of Perioperative NSTEMI. Mauck 
K.F., Manjarrez E.C., Cohn S.L. Perioperative Cardiac Evaluation: Assessment, Risk 
Reduction, and Complication Management (2008)  Clinics in Geriatric 
Medicine,  24  (4), pp. 585-605.  
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