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Postoperative troponin elevation strongly predicts major complications and death after cardiac and 

non-cardiac surgery [1, 2]. Myocardial injury after non-cardiac surgery (MINS) is the term given to 

postoperative troponin elevation without a clear non-cardiac cause. Myocardial injury after non-

cardiac surgery is predominantly silent, occurring in 5–25% of patients recovering from non-cardiac 

surgery, depending on baseline risk [1,3-5]. More than 90% of MINS is asymptomatic, and 30-day 

mortality is only slightly less in asymptomatic than symptomatic patients [4-8].  

Myocardial injury after non-cardiac surgery is thought to be consequent to myocardial 

demand-supply mismatch which may result from factors, including: haemodynamic instability, 

especially hypotension rapid fluid shifts; acute blood loss during surgery; and other peri-operative 

demands on the cardiovascular system [9-12]. Since these circumstances are more likely to occur in 

the setting of emergency surgery, it is unsurprising that MINS is more likely in patients having urgent 

or emergent operations [1,13].   

Some patients have troponin elevation due to silent acute coronary events following non-

cardiac surgery without meeting the diagnostic criteria for acute myocardial infarction per the 

Fourth Universal Definition of Myocardial Infarction [5]. Specifically, MINS is defined by troponin 

elevation believed to be of ischaemic origin, whereas myocardial infarction additionally requires 

symptoms or signs such as electrocardiographic or echocardiographic changes. The pro-

inflammatory and pro-thrombotic states consequent to surgery predispose patients to both MINS 

and myocardial infarction.  

 

Risk assessment  

Patients ≥  65 years of age and those ≥ 45 y old with cardiovascular risk factors (especially known 

cardiovascular disease), are at relatively high risk of MINS [6,14]. Several well-established clinical 

stratification tools have been used to evaluate the peri-operative risk of mortality and cardiovascular 

events in non-cardiac surgery. One that is well validated and universally recognised is the Lee index 

or the revised cardiac risk index [15]. The 2014 American College of Cardiology /American Heart 
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Association, along with the 2014 European Society of Cardiology/European Society of 

Anaesthesiology guidelines on peri-operative cardiac evaluation and management of patients having 

non-cardiac surgery, advocate use of risk-assessment tools such as the revised cardiac risk index, the 

American College of Surgeons National Surgical Quality Improvement Project (ACS NSQIP) surgical 

risk calculator [16], or the ACS NSQIP MICA (myocardial infarction and cardiac arrest) score 

calculator [17,18].  

Nearly all guidelines recommend a stepwise approach to evaluation of patients scheduled 

for non-cardiac surgery. This approach includes assessing functional capacity in patients at 

moderate-to-high risk of poor outcomes based on risk stratification estimates, and further 

evaluation for the presence of severe obstructive coronary artery disease in those with a poor 

functional status [17, 18].  

The Canadian Cardiovascular Society guidelines on peri-operative evaluation and 

management favour use of the revised cardiac risk index as the tool for risk stratification because 

both the ACS NSQIP and the ACS NSQIP MICA underestimate peri-operative cardiovascular risk since 

troponin was not routinely measured in their test and validation datasets [19]. Other risk 

stratification models such as the Portsmouth Physiological and Operative Severity Score for the 

enumeration of Mortality and Morbidity (P-POSSUM) and APACHE (Acute Physiology and Chronic 

Health Evaluation)-2 have been used to predict peri-operative mortality risk, but are not specific for 

predicting cardiovascular events such as MINS and peri-operative myocardial infarction [20,21].  

Pre-operative elevation of specific cardiac biomarkers can help identify patients at greatest 

risk of MINS. Patients with an elevated baseline pre-operative troponin are at higher risk of MINS 

[5]. Furthermore, pre-operative N-terminal pro-B-type natriuretic peptide concentrations are strong 

predictors of both MINS and vascular death [22]. N-terminal pro-B-type natriuretic peptide can be 

combined with other risk stratification models, and doing so improves assessment by properly 

reclassifying patients into both lower and higher risk categories than the revised cardiac risk index 

alone [22]. 
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Diagnosis of MINS 

Since more than 90% of patients with MINS have no symptoms of myocardial ischaemia, MINS can 

only be reliably detected by routine postoperative troponin screening. The 2014 American College of 

Cardiology /American Heart Association as well as the European Society of Cardiology/European 

Society of Anaesthesiology guidelines recommend that peri-operative troponin measurement should 

be measured in high-risk patients. However, this class-2b recommendation preceded much 

important recent work [17,18]. The more recent Canadian Cardiovascular Society Guidelines 

recommend routine measurement of troponin for the initial 2 to 3 days after non-cardiac inpatient 

surgery in patients with an elevated baseline risk for cardiovascular death and non-fatal MI > 5% 

within 30 days of surgery, and in patients who have a revised cardiac risk index score ≥ 1, are age 45 

to 65 years with known cardiovascular disease, and all patients ≥ 65 years old [19]. 

The diagnosis of MINS relies on postoperative troponin elevation. For troponin T, the fourth-

generation threshold is ≥ 0.03 ng.ml-1 [13]. For high-sensitivity (generation five) troponin, the 

threshold is an increase of at least 5 ng.l-1 to a concentration of at least 20 ng.l-1 or any postoperative 

concentration exceeding 65 ng.l-1 [1].  Since up to a third of non-cardiac surgical patients have 

detectable high-sensitivity pre-operative troponin, a pre-operative sample is needed to complement 

postoperative samples. Because 94% of myocardial injury after non-cardiac surgery occurs within 

two postoperative days, blood for troponin usually only needs to be sampled pre-operatively and on 

the first and second postoperative days.  

 

Prevention and management 

There are no known safe and effective prophylactic measures for preventing myocardial infarction 

after non-cardiac surgery. Beta-blockers reduce myocardial infarction risk by 30% but increase the 

risk of devastating strokes and overall mortality [23]. Avoiding nitrous oxide neither decreases nor 

increases the risk of cardiovascular events [24]. Clonidine does not reduce infarction risk but 
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promotes clinically important hypotension and bradycardia; similarly, aspirin does not reduce 

infarction risk, while promoting life-threatening bleeding [25, 26].  

 

Patients who have been stable on beta-blocker and statin therapy before surgery should continue 

with these medications to reduce the risk of cardiovascular events as per the 2014 American College 

of Cardiology /American Heart Association (ACC/AHA) guidelines on peri-operative cardiovascular 

evaluation and management [17]. Statins can be started in patients undergoing vascular surgery or if 

otherwise indicated based on their 10-year cardiovascular risk profile [17]. Consistent with MINS 

being due to oxygen supply-demand mismatch, hypotension during and after surgery is strongly 

associated with myocardial injury, acute kidney injury, and death [9-11]. One small trial supports 

avoiding peri-operative hypotension [27]. In contrast, data for the association between tachycardia 

and MINS is conflicting [9,28]. Consequently, if treated at all, tachycardia should be managed in a 

way that does not promote hypotension.     

Patients with troponin elevation should have electrocardiogram(s) and echocardiographic 

evaluation for left ventricular regional wall motion changes. When MINS is accompanied by a strong 

suspicion of coronary ischaemia, stress testing or coronary angiography may be appropriate. 

Coronary angiography may especially be indicated when MINS is accompanied by high-risk features 

such as haemodynamic instability, heart failure, persistent clinical symptoms, or arrhythmia such as 

ventricular tachycardia/fibrillation [6].  

Patients with myocardial infarction should be treated per national/international treatment 

protocols for type-1 myocardial infarction including percutaneous coronary intervention when 

indicated (as per respective guidelines for ST-elevation and non-ST-elevation acute coronary 

syndrome), taking into account the risk and of bleeding and acute kidney injury in postoperative 

patients. Outcomes of peri-operative myocardial infarctions are often poor despite percutaneous 

coronary intervention, possibly from the adverse effects of bleeding and acute kidney injury 

associated with percutaneous intervention after non-cardiac surgery [29].   
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Only one treatment has specifically been tested for postoperative myocardial injury. 

Dabigatran anticoagulation for one to two postoperative years reduces the hazard for cardiovascular 

complications (mostly re-infarction) by 28% without increasing the risk of major bleeding [30]. 

Although aspirin, statins, and angiotensin-converting enzyme inhibitors have not been specifically 

tested in postoperative patients, there is overwhelming evidence of benefit for non-operative 

infarctions. These drugs should therefore be seriously considered in MINS patients. Myocardial 

injury also constitutes a ‘teachable moment’ and an opportunity to discuss smoking cessation, 

healthful eating, and exercise. More research and clinical trials are clearly needed to guide 

management of MINS.  

 

Conclusion 

Troponin elevation after non-cardiac surgery is strongly associated with death. Identification of 

patients with MINS remains challenging since presentation is usually silent. It is therefore helpful to 

identify patients at risk of MINS. Clinical risk stratifications tools such as the modified revised cardiac 

risk index are useful, but NT-Pro BNP better identifies high-risk patients likely to benefit from 

scheduled post-operative troponin measurement. Clearly, many more patients should have troponin 

screening. A potential strategy is to measure troponin pre-operatively and on the first and second 

postoperative days in surgical inpatients ≥ 45 years of age with at least one cardiovascular risk 

factor, and in all surgical inpatients ≥ 65 years old.   
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