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Perioperative myocardial infarction has been recognised as an

important complication of anaesthesia and surgery for more

than half a century. In 1961, Driscoll and colleagues1 reported

postoperative ECG changes consistent with myocardial

ischaemia or infarction in 42 of 496 patients undergoing

surgery under general anaesthesia. Studies in the succeeding

decades have reinforced the impact of perioperative cardiac

complications and have led to protracted debate regarding

the aetiology of perioperative myocardial infarction.2 It is

now clear that perioperative acute myocardial injury is

common, occurring in up to 25% of patients, and has been

reproducibly shown to be associated with an increased

incidence of major postoperative morbidity, including

death.3e7 It is therefore critical that we understand the

mechanisms of this injury, as safe and effective prophylaxis

and treatment depend on this knowledge. In this issue of the

British Journal of Anaesthesia, May and colleagues8 present

preliminary data suggesting an aetiology for this emerging

perioperative problem.

May and colleagues8 investigated the potential mechanism

of postoperative troponin elevations in surgical patients who

did not have the other diagnostic criteria (e.g. ECG changes) for

myocardial infarction. The specific objective of the report was ‘

… to assess whether the subgroup of patients with post-

operative troponin concentrations indicative of myocardial

injury, but who did not sustain myocardial infarction, share

the same microRNA profile as seen in acute myocardial

ischaemia’.

The mechanism of postoperative myocardial injury is

controversial. Evidence from the perioperative ischemic eval-

uation (POISE) trial suggested that many of the patients who

sustain myocardial injury in the postoperative period do not

satisfy the diagnostic criteria for myocardial infarction. In a
of original article: 10.1016/j.bja.2020.05.066.
post hoc analysis, a proportion of the patients with post-

operative troponin elevations, but without the criteria to di-

agnose myocardial infarction, had poor outcomes.3 It was

speculated that these patients may have been misclassified.

As most postoperative myocardial infarctions have no symp-

toms or ECG changes, patients who had sustained a myocar-

dial infarction could have been missed. Some investigators

have called for a new postoperative myocardial infarction

definition. It was in this spirit that Botto and colleagues9 pro-

posed that ‘myocardial injury caused by ischemia (that may or

may not result in necrosis), has prognostic relevance and oc-

curs during or within 30 days after noncardiac surgery’.

Using data from the first vascular events in noncardiac

surgery patients cohort evaluation (VISION) study publication,

Botto and colleagues9 proposed the nosological entity of

myocardial injury after noncardiac surgery (MINS). The clin-

ical and laboratory criteria for this diagnosis are based on

there being cardiac troponin (cTn) release in the absence of a

demonstrable noncardiac cause. MINS is defined utilising

high-sensitivity cardiac troponin T (hscTnT) exclusively. Pa-

tients who have symptomatic noncardiac conditions associated

with elevated troponin concentrations (patients with pulmo-

nary embolism, sepsis, and chronic renal failure) are not

considered to haveMINS and are excluded from this diagnosis.

The postoperative hscTnT concentration elevation required to

make a diagnosis of MINS depends on whether the preopera-

tive troponin concentration was evaluated. If the preoperative

hscTnT is above the upper reference limit (URL), a post-

operative increase of >5 ng L�1 is required. If there is no pre-

operative troponin concentration available, a postoperative

troponin concentration >30 ng L�1 is defined as MINS.

Although this definition includes patients who do fulfil the

diagnostic criteria of myocardial infarction, there is no

requirement for the patient to display any ischaemic features.

However, the definition presumes that the myocardial injury

is caused by ischaemia with the statement that MINS is ‘ …
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myocardial injury caused by ischaemia that may or may not

result in necrosis … ’.

Alternatively, the criterion for a diagnosis of myocardial

injury, as defined in the Fourth Universal Definition of

Myocardial Infarction,10 is detection of an elevated cTn value

above the 99th percentile URL. The injury is considered acute if

there is an increase or decrease of cTn values. Importantly, the

type of troponin assay is not specified. In contrast to the

definition of MINS, the mechanism or aetiology is not speci-

fied. The Fourth Universal Definition of Myocardial Infarction

makes clear that myocardial injury can be as a result of

anaemia, hypoxaemia, hypotension, renal failure, heart fail-

ure, tachyarrhythmia, and pulmonary embolism (Fig. 1). This

diagram shows that myocardial injury occurs in some of the

patients that display these entities and can also, at times, be

associated with myocardial infarction. The diagnosis of non-

fatal myocardial infarction can only be made if the troponin

elevation is associated with any ECG changes consistent with

ischaemia, clinical symptoms of ischaemia, or imaging evi-

dence. The distinction between a myocardial infarction and

myocardial injury is, however, critically important both prog-

nostically and mechanistically. The demonstration of

myocardial infarction criteria (troponin elevations and

ischaemic symptoms or ECG changes) has been reproducibly

shown to carry more than a two-fold increase in all-cause
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Fig 1. Reproduced from the Fourth Universal Definition of Myocardial
mortality than myocardial injury alone at both 30 days4,6 and

1 yr.7,11

The question, in a nutshell, is whether perioperative

troponin release in the absence of ECG changes or other

markers of myocardial ischaemia should be considered one of

the other (non-ischaemic) causes of myocardial injury as

identified in the Universal Definition of Myocardial Infarction,

or whether it inevitably has an ischaemic aetiology. It is this

issue that the current paper seeks to address.

The study by May and colleagues8 is the first to utilise

microRNAs (miRNAs) to explore the nature of myocardial

injury. MicroRNAs are a diverse class of small single-stranded

non-coding RNA. MicroRNAs modulate gene expression post-

transcriptionally by inhibiting the translation of their target

complementary messenger RNA (mRNA) and promoting the

degradation of mRNA.12,13 They are produced by all cell types

and are secreted extracellularly within microparticles (exo-

somes, apoptotic bodies, and micro-vesicles) or bound to

proteins.14 The stability of circulating miRNAs has led to them

being proposed as potential biomarkers for diseases, including

cancer, viral infections, and cardiovascular disease.

Measuring circulating concentrations of miRNA can be

challenging. The most robust method is with reverse tran-

scription quantitative real-time polymerase chain reaction

(RTeqPCR). Technical and analytical considerations
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(including collection modality, storage conditions, and tran-

scription efficiency) can cause significant variability in miRNA

measurement.15 This can be reduced by normalisation, which

involves using mathematical modelling to rank the expres-

sion stability of candidate genes compared with a ‘normal-

iser’ or reference standard. Normalisers include exogenous

synthetic oligonucleotides, endogenous miRNAs, and the

geometrical mean of the quantification cycle (Cq) of all the

miRNA sequences analysed.15 Cq values represent the num-

ber of amplification cycles needed to detect a target miRNA

and are therefore inversely related to the quantity of target

miRNA. There is no universally accepted method of normal-

isation. This reduces the ability to compare results between

studies and the appropriateness of pooling of data with meta-

analysis.

A large number of miRNAs (including, but not limited to,

miRNA-1, miRNA-133, miRNA-145, miRNA-208, and miRNA-

499) have some degree of cardiac specificity.16 Their roles are

diverse, but include regulation of angiogenesis, apoptosis, car-

diac myocyte differentiation, and repression of cardiac hyper-

trophy.14 May and colleagues8 used miRNA-1, miRNA-21,

miRNA-133, miRNA-146, miRNA-208, and miRNA-499 as signa-

tures for acute coronary syndrome, justifying their use from the

results of the recent meta-analysis by Cheng and colleagues.17

This correlated established serum biomarkers of acute coro-

nary syndrome with miRNA-1, miRNA-21, miRNA-133, miRNA-

146, miRNA-208, and miRNA-499, and demonstrated that the

sensitivities and specificities of these miRNAs for the diagnosis

of myocardial infarction were 63% and 89%, respectively.17

However, there are significant limitations of this meta-

analysis. Firstly, not all of the included studies used the Uni-

versal Definition of Myocardial Infarction. The majority of

included studies are caseecontrol in design and have a risk of

selection bias. There are significant differences in characteris-

tics of cases and controls in some of the included studies.

Finally, different studies use different normalisation strategies

that can significantly impact the outcome of RTeqPCR miRNA

quantification. Therefore, we cannot say with certainty that

miRNA-1, miRNA-21, miRNA-133, miRNA-146, miRNA-208, and

miRNA-499 are entirely sensitive or specific for acute coronary

syndrome.

Notwithstanding these limitations, after adjusting for Type

1 error, May and colleagues8 found that increases in troponin

were not associated with miRNA changes characteristic of

ischaemic myocardial injury. Looking beyond the miRNA

signature of ischaemic injury, the two studies presented by

May and colleagues8 offer interesting insights into the cellular

and genomic pathways involved with perioperative myocar-

dial injury. The authors identify an association between

SLC8A1 (NCX1 sodiumecalcium exchanger) and miRNAs

elevated after surgery. The NCX1 sodiumecalcium exchanger

regulates cytoplasmic Ca2þ concentration in the cardiac

myocyte, exporting calcium into the extracellular space.18

Ischaemia/reperfusion injury and adrenergic stress both can

affect the NCX1 sodiumecalcium exchanger, leading to

dysfunctional intracellular handling of calcium and ultimately

cardiac myocyte death.19

May and colleagues8 propose a loss of cardioprotective

mechanisms as a potential mechanism of perioperative

myocardial injury, because of an aberrant inflammatory

response mediated by reduced expression of miRNA-146a.
Secretion of pro-inflammatory cytokines (including

interleukin-6, interleukin-8, cytokine MCP-1, and CCL20) is

reduced by miRNA-146a ex vivo in human adipocytes via a

negative feedback loop.20 Targeted inhibition of selected pro-

inflammatory cytokines improves clinical outcome. In the

recent CANTOS (Canakinumab Anti-Inflammatory Thrombosis

Outcome Study) trial, inhibition of interleukin-1b (central to the

interleukin-6 inflammatory pathway) with canakinumab was

shown to reduce cardiovascular events in patients with

myocardial infarction when compared with placebo.21 In addi-

tion, Ackland and colleagues22 have shown that an elevated

neutrophil-to-lymphocyte ratio (a marker of systemic inflam-

mation) is independently associatedwith elevated troponin and

increased release of radical oxygen species in a large cohort of

patients undergoing noncardiac surgery. In addition to the

limitations noted previously, the studies conducted byMay and

colleagues8 have small sample sizes, and they did not provide

any comparisons to the ischaemic (infarction) cohort. This is

likely related to the fact that only 28 (2%) of the population

experienced the primary outcome.23

All extant investigations into perioperative acute myocar-

dial injury have important limitations. There is no consensus

on which troponin assay should be used. Use of a high-

sensitivity assay doubled the detected incidence of injury

and infarction in a surgical population.24 In a non-operative

population, high-sensitivity troponin T and high sensitivity

troponin I assays both equally diagnosed myocardial infarc-

tion, but hscTnT was a better predictor of long-term noncar-

diac death.25 The analytical sensitivity (limit of detection) of

cTn assays varies 10-fold. Assays are not standardised,making

it impossible to compare values from one to another.10 These

limitationsmake it impossible to compare incidences of injury

between studies.

There is still much to learn about defining elevated

troponin concentrations. The URL is defined as the upper 99th

percentile of troponin concentration for a ‘normal’ population.

Recent investigations show that the URL differs as the pa-

rameters used to define normal are altered, including age and

sex.26,27 Apple and colleagues26 stated that, ‘sex-specific 99th

percentile URLs vary according to the hs-assay used to mea-

sure cTn and the statistical method used to calculate the 99th

percentile’. Whilst not yet part of clinical practice, sex-specific

cut-off values for troponin assays increase the diagnostic and

prognostic information in women with acute myocardial

infarction.28,29 Asymptomatic pulmonary embolism may also

be an underappreciated mechanism of myocardial injury.30 A

further potential phenotype has also emerged. Coronary

angiographic studies in non-surgical patients with asymp-

tomatic ‘troponaemia’ showed that the predominant mecha-

nism was fluid overload.31 To date, we are unaware of any

studies investigating fluid overload and acute postoperative

myocardial injury.

The proposed mechanism by May and colleagues8 of an

aberrant inflammatory pathway, miRNAs, and postoperative

myocardial injury is certainly interesting and has merit.

However, this study does not of itself establish the primary

mechanism for perioperativemyocardial injury in the absence

of evidence of ischaemia. Further studies to elucidate the de-

tails of the proposed alternative mechanisms for myocardial

injury are needed. Numerous mechanisms have now been

proposed for postoperative myocardial injury. The
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perioperative community now must come together to study

the incidence, severity, treatment, and prognostic implica-

tions of each aetiology.
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A number of RCTs have been published in the past few years

investigating the effectiveness of a wide range of preoperative

exercise interventions on postoperative surgical outcomes,

quality of life, and health service costs in patients undergoing

cancer surgery.1e3 Thus far, the most compelling evidence is

reported in lung cancer patients, where preoperative

exercise was shown to be effective in reducing the rate of

postoperative complications and length of hospital stay.4e6

For other groups of patients undergoing oncological surgery,

the evidence is mostly derived from small individual trials

reporting a trend towards preoperative exercise as an

effective intervention to reduce postoperative morbidity.7e10

Many of these programmes are delivered face to face in

centralised rehabilitation centres; however, this might not be

suitable for patients who live in regional or remote areas, are

of low socioeconomic status, or are juggling full-time work,

family responsibilities, and medical appointments in the

weeks before a surgery. Home-based exercise prescription

may help, although poor exercise fidelity and poor adherence

to the exercise programme are commonly reported. A poten-

tial solution to these limitations would be implementation of a

technology-based preoperative exercise intervention, in

which patients could perform individualised and unsuper-

vised preoperative exercises, delivered online at home.

Our group recently conducted a systematic review to

evaluate the evidence for technology-based preoperative ex-

ercise in patients undergoing cancer surgery.11 For this
purpose, technology-driven preoperative exercise in-

terventions were defined as app-based, web-based, video-

game, or virtual reality exercise programmes aimed to

maintain or increase muscle strength, endurance, respiratory

function, or all three. This review aimed to describe the cur-

rent evidence of efficacy in technology-driven preoperative

exercise on postoperative complication rate, length of hospital

stay, and quality of life outcomes in patients undergoing

cancer surgery. Of the 321 individual articles found in the

search, none met the inclusion criteria. This was somewhat

surprising, as there are >1000 exercise applications available

from App stores. Although clearly not evidenced-based for

patients undergoing cancer surgery, we found four studies e

three that were originally excluded from our review for

reporting on a single arm only (no control)12e14 and one ab-

stract that was published in a conference proceeding.15 The

characteristics of the four studies are described in Table 1.

The limited literature on this topic highlights that more

research is warranted. Recent research has shown that the

majority of patients (72%, 74/103) awaiting major gastrointes-

tinal and urological cancer surgeries would prefer to do a

preoperative exercise programme at home.16 Therefore, there

is a need to develop an evidence-based technology to deliver a

preoperative exercise programme to patients undergoing

surgery that can improve exercise fidelity and patient adher-

ence to exercise regimens when performed at home. We have

developed a set of recommendations that we consider
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