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Abstract  

 
Over the past few years non-cardiac surgery has been recognised as a serious circulatory stress test which 

may trigger cardiovascular events such as myocardial infarction, in particular in patients at high risk. 

Detection of these postoperative cardiovascular events is difficult as clinical symptoms often go 

unnoticed. To improve detection, guidelines advise to perform routine postoperative assessment of 

cardiac troponin. Troponin elevation - or postoperative myocardial injury - can be caused by myocardial 

infarction. However, also non-coronary causes, such as cardiac arrhythmias, sepsis and pulmonary 

embolism, may play a role in a considerable number of patients with postoperative myocardial injury. It 

is crucial to acquire more knowledge about the underlying mechanisms of postoperative myocardial 

injury because effective prevention and treatment options are lacking. Preoperative administration of 

beta-blockers, aspirin, statins, clonidine, angiotensin-converting enzyme inhibitors and angiotensin 

receptor blockers, and preoperative revascularisation have all been investigated as preventive options. Of 

these, only statins should be considered as the initiation or reload of statins may reduce the risk of 

postoperative myocardial injury. There is also not enough evidence for intraoperative measures such 

blood pressure optimisation or intensified medical therapy once patients have developed postoperative 

myocardial injury. Given the impact, better preoperative identification of patients at risk of postoperative 

myocardial injury, for example using preoperatively measured biomarkers, would be helpful to improve 

cardiac optimisation. 
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Introduction 

Non-cardiac surgery poses a serious circulatory stress test and may trigger cardiovascular events such as 

myocardial infarction, in particular in patients at high risk [1-4]. However, ischaemic electrocardiographic 

signs may be subtle and angina is often masked by strong analgesics, which leads to under-recognition of 

myocardial injury [2-4]. To improve detection, routine postoperative assessment of cardiac troponin was 

recommended by the 2014 European Society of Cardiology (ESC)/European Society of Anaesthesiology 

(ESA) guidelines [5]. This notion was based on troponin’s strong predictive value for postoperative 

mortality in a large variety of patients undergoing non-cardiac surgery [4, 6-14]. 

Worldwide implementation of routine postoperative troponin monitoring, however, has proved difficult 

due to a number of factors. First, clear management strategies for patients with troponin elevation - or 

postoperative myocardial injury (PMI) - do not exist. Another relevant factor is that PMI does not always 

imply myocardial infarction [15-18]. Indeed, only 14-40% of the patients with PMI fulfil the criteria of a 

myocardial infarction according to the third universal definition, and obstructive coronary artery disease 

(CAD) is absent in almost 30% of patients with PMI [11, 17, 19-21]. This highlights the potential relevance of 

non-coronary triggers of PMI and the challenges regarding adequate patient management. More 

knowledge about the underlying causes of PMI is needed to improve the management and ultimately the 

outcome of patients with PMI. In this paper we will elaborate on the aetiology of PMI and discuss its 

potential prevention and management strategies. 

 

Detection of PMI 

The 2014 ESC/ESA guidelines recommend to consider routine monitoring of troponin in the first days 

after major non-cardiac surgery to detect PMI in high-risk patients (i.e. patients with impaired exercise 

intolerance or with a revised cardiac risk index (a clinical risk index used to assess the risk of major 

postoperative cardiac events) value >1 for vascular surgery and >2 for non-vascular surgery) 
[5]. According to the guidelines both troponin T and troponin I can be used for routine monitoring, as is 

common in clinical practice [5]. As far as we know, no direct comparison has been made between both 

troponin assays in the postoperative setting. A prospective multicentre study in patients presenting to the 

emergency room with acute chest pain showed that both troponin T and I have high diagnostic and 

prognostic accuracy [22]. However, the time since the onset of symptoms did affect the accuracy of the 

tests: troponin I seemed to be superior in early presenters, whereas troponin T seemed to be superior in 
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late presenters [22]. As troponin is used as a screening tool in patients without symptoms in the 

postoperative monitoring setting, there is no evidence suggesting that one of the assays should be 

preferred above the other. Furthermore, the introduction of highly sensitive troponin assays increased the 

sensitivity in the early diagnosis of myocardial infarction in the non-operative setting [23]. Recent data 

suggest that using highly sensitive troponin assays may also improve the diagnosis of perioperative 

myocardial infarction [24]. However, comparison with preoperative troponin levels seemed to contribute 

even more to the improvement of perioperative myocardial infarction diagnosis. 

The 2014 ESC/ESA guidelines do not define a threshold that should be used in the postoperative setting. 

Hospitals should therefore use the clinical threshold applied in their clinic, which is usually defined as a 

value exceeding the 99th percentile of a normal reference population as recommended in the third 

universal definition of myocardial infarction [20]. 

 

Aetiology 

PMI is believed to be primarily the result of type I or type II myocardial ischaemia [1, 3, 17, 25]. Type I 

ischaemia is caused by acute coronary thrombosis due to rupture of a vulnerable plaque and can be 

triggered by perioperative factors such as inflammation, hypercoagulability and blood pressure 

fluctuations during surgery [3, 19, 26]. In type II myocardial ischaemia, factors such as hyper or 

hypotension, tachycardia and anaemia result in a (more generalised) oxygen supply-demand mismatch 

(Figure 1, left panel) [3, 19, 26]. 

 

 
 

Fig 1: Different pathways leading to postoperative myocardial injury (PMI) including cardiac causes (left panel) and 

non-cardiac causes (right panel) 
 

Until recently, it was assumed that PMI mainly occurs in patients with CAD. However, this assumption 

was contradicted by a prospective cohort study in 955 non-cardiac surgery patients who underwent 

preoperative coronary computed tomographic angiography (CCTA), which showed that 20 of 71 

postoperative myocardial infarctions (28%) occurred in patients without obstructive CAD [21]. Similar 

results were found in a pilot study in elderly patients without a history of ischaemic heart disease 

undergoing non-cardiac surgery, in which only half of the patients with PMI had obstructive CAD on 

postoperative CCTA [27]. One should note that CCTA is inferior to fractional flow reserve in regard to the 

determination of the significance of a coronary stenosis, yet such invasive measurements are often not 

feasible in the postoperative phase. CCTA therefore appears to be a good alternative. Furthermore, it 

should be noted that the absence of obstructive CAD does not exclude plaque rupture as the cause of 

PMI, because type I myocardial ischaemia can also occur in mild obstructive lesions [28]. A normal 

CCTA also does not exclude microvascular damage as the cause of PMI. Microvascular damage, for 

example, can occur in patients with hypertension in whom the chronic hypertensive condition has caused 

structural and functional coronary microvascular abnormalities such as ventricular hypertrophy and 

endothelial dysfunction [29]. However, the fact that obstructive CAD on CCTA was absent in 30-50% of 

patients with PMI in those two studies suggests that non-coronary causes, such as cardiac arrhythmias, 

sepsis and pulmonary embolism, also play a role in a significant proportion of patients with PMI (Figure 

1, right panel) [11, 26, 30, 31]. This notion was underlined by Noordzij and colleagues, who reported that non-

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click%20on%20image%20to%20zoom&p=PMC3&id=6287250_10.1177_2047487318798925-fig1.jpg
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cardiac complications such as respiratory insufficiency, sepsis and bleeding were associated with a 

postoperative troponin increase of over 100% compared to preoperative baseline measurements in 

patients at risk of CAD [32]. 

A potentially relevant factor in the recognition of the underlying pathology of PMI (and consecutive 

treatment) may lay in peak troponin concentrations. It has been hypothesised that major postoperative 

troponin elevations reflect ischaemic cardiac damage and complications, whereas minor postoperative 

troponin elevations typically reflect non-cardiac complications with only mild effects on the myocardium 
[33, 34]. Minor troponin elevations, however, still strongly predict mortality [6, 7, 12]. An example of a non-

cardiac complication with cardiac implications is pulmonary embolism, which places a high demand on 

the myocardium due to hypoxia, hypotension and increased right ventricular pressures [35, 36]. In this, it 

should be noted that troponin is a strong independent predictor of mortality in patients with pulmonary 

embolism in the emergency department [35, 36]. We found central or segmental pulmonary embolisms in 

approximately one third of elderly patients with PMI after non-cardiac surgery compared to 20% in 

patients without postoperative troponin elevation [27]. Hence, not only myocardial infarction, but also 

other serious yet treatable postoperative complications can be recognised by troponin monitoring. 

Moreover, excessive emphasis on myocardial ischaemia may lead to failure of recognition of these non-

coronary causes of PMI. 

 

Prediction 

Clinical risk indices, such as the revised cardiac risk index, are recommended for perioperative risk 

stratification [5]. At present, electrocardiography (ECG) and additional imaging are only indicated in 

patients undergoing high-risk surgery or in the presence of risk factors [5]. Echocardiography may, for 

example, be considered for patients undergoing high-risk surgery, because echocardiogram 

characteristics including left ventricular dysfunction and heart valve abnormalities are independent 

predictors of adverse cardiovascular events after non-cardiac surgery [5, 37]. It should be noted that 

additional imaging tests should only be performed if results are likely to influence perioperative 

management. 

Preoperative cardiac biomarkers also convey strong predictive value for postoperative myocardial 

infarction and mortality [38-40]. In a retrospective study among patients undergoing non-emergent non-

cardiac surgery, the mortality risk was found to be related to both the magnitude of preoperative troponin 

elevation and the time between peak troponin levels and surgery [41]. Moreover, preoperative B-type 

natriuretic peptide (BNP) and N-terminal pro-BNP (NT-proBNP) are also shown to be independent 

predictors of PMI and mortality after non-cardiac surgery [39, 40]. Elevated BNP levels are a marker of 

increased filling pressures and could indicate a potential benefit of preoperative cardiac optimisation. 

Preoperative troponin and/or NT-proBNP monitoring may therefore lead to changes in patient 

management, but may also contribute to knowledge about the pathophysiology of PMI. The difference 

between pre and postoperative troponin levels, possibly combined with NT-proBNP levels, may help to 

distinguish between different causes of PMI. 

Other interesting biomarkers for the future are markers of inflammation, because inflammatory changes 

within atherosclerotic plaques play an important role in the progression of atherosclerosis and plaque 

destabilization [42]. The proinflammatory lipoprotein-associated phospholipase A2 (Lp-PLA2) has for 

example been associated with the risk of cardiovascular events and plaque stability [43-45]. Lp-PLA2 or 

other proinflammatory biomarkers might therefore be useful to detect patients with vulnerable plaques in 

the future. 

 

Prevention 

Perioperative medication 

The treatment cornerstones of CAD are beta-blockers, aspirin and statins [46]. These drugs were also the 

first to be tested in preoperative risk reduction for PMI, yet their efficacy was limited and not without 

risks. For instance, the modest protective effect of beta-blockers regarding perioperative non-fatal 

myocardial infarction was hampered by an increased risk of stroke, hypotension and most importantly, 

mortality (relative risk (RR) 1.3, 95% confidence interval (CI) 1.0-1.6) [47, 48]. It should be noted that beta 

blockade was initiated in high dosages and shortly before surgery, while for example it is recommended 

to start beta-blockers at least one week before surgery in reducing postoperative atrial fibrillation risk 
[49]. The efficacy of aspirin was assessed in the POISE-2 trial, which showed no significant difference in 

death and non-fatal myocardial infarction between aspirin and placebo treatment (hazard ratio (HR) 0.99, 

95% CI 0.86-1.15). The risk of major bleeding, however, was increased in the aspirin group (HR 1.23, 

95% CI 1.01-1.49) [50]. The perioperative use of low-dose clonidine - an α2-adrenergic agonist that 

reduces blood pressure by inhibiting sympathetic outflow - was also studied in the POISE-2 trial, and did 

not prove beneficial for the combined endpoint of death and non-fatal myocardial infarction either (HR 

1.08, 95% CI 0.93-1.26) [51]. 

Statins may be more promising to prevent PMI. A meta-analysis reported a reduced incidence of 

mortality (RR 0.5, 95% CI 0.3-0.9) and myocardial infarction (RR 0.5, 95% CI 0.4-0.8) after non-cardiac 
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surgery in statin-naive patients who were randomly assigned to receive statins compared to placebo 
[52]. Due to a limited number of studies and patients at that time, there were insufficient data for clear 

recommendations. The VISION study, a large cohort study published in 2016, showed similar results; 

preoperative statin therapy was independently associated with a lower risk of cardiovascular outcomes at 

30 days among patients undergoing non-cardiac surgery (RR 0.8, 95% CI 0.7-0.9) [53]. The initiation of 

statins in statin-naive patients should therefore be considered in high-risk patients, for example those 

undergoing vascular surgery [5]. 

In addition to the initiation of statins, reload therapy with high-dose statin in long-term statin users may 

also reduce cardiovascular events after surgery because of rapid anti-inflammatory and antithrombotic 

properties and plaque stabilising effects [54]. A recent randomised controlled trial (RCT) showed that 

preoperative rosuvastatin reload therapy (the administration of high-dose rosuvastatin 2 hours before 

surgery) decreased the incidence of cardiovascular events after non-cardiac emergency surgery compared 

to placebo in patients with long-term statin therapy and stable CAD (3.6% vs. 8.0%, P = 0.03 [55]. It 

would be interesting to see whether this association is also true for patients undergoing non-emergency 

surgery and what the effect of reload therapy would be on overall mortality. 

Angiotensin-converting enzyme (ACE) inhibitors are thought to preserve organ function independently 

of their blood pressure-lowering effect. However, both a large cohort study and recent meta-analysis 

found no evidence to support that perioperative ACE inhibitors or angiotensin receptor blockers (ARBs) 

can prevent cardiovascular events after surgery [56, 57]. Furthermore, withholding ACE inhibitors or ARBs 

24 hours before surgery in long-term users decreases intraoperative hypotension and may be associated 

with a lower risk of the composite outcome of all-cause death, stroke or myocardial injury (RR 0.82, 

95% CI, 0.70-0.96) [58, 59]. Perioperative ACE inhibitor/ARB cessation could therefore be useful, which 

should be assessed in future trials. In the meantime, continuation of these drugs during the 24 hours 

preceding surgery should be carefully considered [5]. 

 

Preoperative revascularisation 

Preoperative revascularisation was first investigated in the CARP trial, which showed no significant 

effect on long-term mortality in patients with stable angina and significant CAD undergoing vascular 

surgery (RR 1.0, 95% CI 0.7-1.4) [60]. However, patients with significant left main stenosis were 

excluded in that study. A more recently performed RCT in asymptomatic patients without a history of 

CAD undergoing carotid endarterectomy investigated the effect of coronary angiography followed by 

selective revascularisation on the incidence of myocardial infarction. This strategy significantly reduced 

the incidence of late myocardial infarction (HR 0.1, 95% CI 0.02-0.3) [61]. All patients received life-long 

dual antiplatelet therapy after discharge, but it should be noted that patients who had undergone 

preoperative revascularisation received dual antiplatelet therapy perioperatively, whereas all other 

patients underwent surgery under single antiplatelet therapy. The effect found in this study might 

therefore be partly explained by the difference in antiplatelet regimes between groups. Concluding, up to 

now there is not enough evidence to perform (selective) preoperative revascularisation, yet one should 

note that evidence on new generation stents is absent. It would be interesting to use fractional flow 

reserve measurements in future studies to determine the influence of flow-limiting lesions on PMI and 

other outcomes. 

 

Preoperative exercise training 

Preoperative exercise training may be of interest in the prevention of PMI because it has been associated 

with a reduced risk of postoperative complications in both cardiac and non-cardiac settings [62-

64]. However, large RCTs with standardised training programmes are needed to confirm current evidence 

and to identify which type of exercise training works best for which patients [63, 64]. 

 

Blood transfusion 

Decreased postoperative haemoglobin levels are associated with higher complication and mortality rates 
[65-67]. However, this does not necessarily imply that more accessible blood transfusions will improve 

cardiovascular outcomes and mortality rates. Indeed, no difference in 60-day survival, 3-year survival 

and cause of death was found in a RCT comparing a restricted blood transfusion strategy (maintain 

haemoglobin ≥80 g/L; 5.0 mmol/L) with a liberal strategy (maintain haemoglobin ≥100 g/L; 6.3 mmol/L) 

after hip surgery in elderly patients with high cardiovascular risk [68, 69]. Although blood transfusion may 

be beneficial for some patients, the benefits of blood transfusion probably do not outweigh the risks in 

asymptomatic patients. A restricted strategy, i.e. restriction of transfusions to patients with symptoms or 

with haemoglobin levels below the threshold of 80 g/L, is therefore recommended [70]. 

 

Intraoperative measures 

In the intraoperative period the patient is very closely monitored, which creates opportunities for 

preventive interventions. For example, blood pressure optimisation may be relevant, as the results of 

recent cohort studies suggest that intraoperative hypotension is associated with PMI [71-73]. However, it 
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remains uncertain whether this is a causal association. The same goes for intraoperative arrhythmias [3, 

71]. Furthermore, medications targeting blood pressure and heart rate also have their side effects. Goal-

directed therapy by cardiac output-guided haemodynamic therapy has been investigated previously, but 

the frequency of myocardial injury was not affected in a RCT among patients undergoing gastrointestinal 

surgery [74]. Concluding, so far there are no evidence-based intraoperative measures to reduce the 

incidence of PMI [34]. 

 

Management of patients with PMI 

While several studies have addressed the preventive measures of PMI, only a few studied treatment 

strategies. Intensified medical therapy (i.e. platelet inhibitors, beta-blockers, statins and/or ACE 

inhibitors) was reported to improve 12-month mortality in patients with PMI after vascular surgery in a 

retrospective cohort study (HR 2.80, 95% CI 1.05-24.2 for not receiving intensified therapy) [75]. This 

finding, however, was not reproduced in a RCT of 70 patients with PMI after emergency orthopaedic 

surgery, in which cardiological care (consisting of admission to a coronary care unit with 24 hours 

telemetry and assessment by a cardiologist) did not improve mortality after one year (17% in both 

cardiological care and standard care groups) [76]. The relative inefficacy of such intensified cardiac 

monitoring may be attributable to underlying pathologies that do not respond to improved cardiac 

monitoring (e.g. sepsis, acute kidney injury or pulmonary embolism) or the inevitability of minor cardiac 

injury in high-risk patients who are required to undergo surgery. Indeed, a recent observational study 

showed that cardiac intervention was initiated in only 38% of patients with PMI after major non-cardiac 

surgery [11]. This may also reflect the absence of a standardised treatment protocol. We propose routine 

follow-up focused on both cardiac and non-cardiac complications, including a history, physical 

examination and ECG in all patients with PMI. In this, heart rate variability, indicating stress situations, 

is a very simple but valuable diagnostic tool. ECGs might show abnormalities indicative of myocardial 

ischaemia including new Q-waves or ST-segment deviations [20], but they might also point towards other 

conditions such as arrhythmias and pulmonary embolisms [26, 35]. Additional biomarkers and/or 

cardiopulmonary imaging including echocardiography should be considered to improve management in 

patients in whom the pathophysiology of PMI is uncertain. 

 

Current guidelines 

As mentioned above, the 2014 ESC/ESA guidelines recommend to consider routine troponin monitoring 

in high-risk patients [5]. We believe that routine troponin monitoring is indeed useful to detect not only 

silent myocardial infarctions, but also other potentially treatable (non-coronary) postoperative 

complications in elderly patients. To optimise further the effects of routine monitoring, the selection of 

patients in whom monitoring is applied should be improved potentially by incorporating preoperative 

biomarkers. 

It is not surprising that the 2014 guidelines lack recommendations on effective prevention or treatment 

options for patients with PMI, because the efficacy of investigated pharmacological and other measures 

is limited and treatment is not without risks. In order to improve the management of patients with PMI 

we need to gather more insight into the causes of PMI: you can simply treat patients better when you 

know what you are treating. 

A summary of the current knowledge on underlying mechanisms, prediction, prevention and 

management options of PMI can be found in Table 1. 

 
Table 1: Summary of main findings 

 

Underlying mechanisms of PMI 

Type I ischaemia Rupture of vulnerable plaque. 

Type II ischaemia 

Oxygen supply-demand mismatch in patients with prior stenosis or higher 

demand on the heart in patients without prior stenosis including 

pulmonary embolism, sepsis, kidney failure and respiratory insufficiency. 

Prediction 

Clinical risk indices Recommended for risk stratification (for example RCRI). 

ECG and other imaging Only indicated in (high)-risk patients. 

Preoperative biomarkers 
Preoperative biomarkers such as troponin and BNP levels may be used in 

the future for preoperative cardiac optimisation. 

Prevention 

Medication 

Revascularisation 

No evidence that preoperative administration beta-blockers, aspirin, 

clonidine, ACE-inhibitors or ARBs can reduce PMI. Initiation of statins 

should be considered in high risk statin naïve patients. Reload statin 

therapy in statin users may also reduce PMI. 

Exercise training 
Not enough evidence and a lack of specific guidelines to recommend 

preoperative exercise training. 

Blood transfusion Restricted strategy (haemoglobin< 80g/L or symptoms) is recommended. 
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Intraoperative measures No evidence-based intraoperative measures to reduce PMI so far. 

Management of patients with PMI 

Intensified medical therapy 
Not enough evidence to prove that intensified medical therapy is 

effective. 

Our follow-up proposal 

Routine follow-up focused on both cardiac and noncardiac complications 

including history, physical examination and ECG. Additional biomarkers 

and imaging should be considered when aetiology of PMI is uncertain. 

 

Conclusion 

Prevention and treatment of PMI has mainly focused on CAD as its main underlying cause, yet recent 

evidence suggests that non-coronary causes of PMI may also be involved. Given the current lack of both 

effective prevention and treatment options, it is critical to acquire more knowledge about the underlying 

pathophysiological mechanisms of PMI. Furthermore, in order to optimise routine monitoring, better 

identification of patients who benefit from such a monitoring strategy is necessary. 
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