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Abstract: Major adverse cardiovascular events are frequently
observed in patients undergoing major non-cardiac sur-
gery during the peri-operative period. At this time, the
possibility to predict cardiovascular events remains
limited, despite the introduction of several algorithms to
calculate the risk of adverse events, mainly death and
major adverse cardiovascular events (MACE) based on
the clinical history, risk factors (sex, age, lipid profile,
serum creatinine) and non-invasive cardiac exams
(electrocardiogram, echocardiogram, stress tests). The
cardiac-specific biomarkers natriuretic peptides (NPs) and
cardiac troponins (cTn) have been proposed as additional
tools for risk prediction in the peri-operative period,
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particularly for the identification of myocardial injury
in patients undergoing major non-cardiac surgery. The
prognostic information from the measurement of BNP/
NT-proBNP and hs-cTn is independent and complementary
to other important indicators of risk, also including ECG
and imaging techniques. Elevated levels of cardiac-specific
biomarkers before surgery are associated with a markedly
higher risk of MACE during the peri-operative period. BNP/
NT-proBNP and hs-cTn should be measured in all patients
during the clinical evaluation before surgery, particularly
during intermediate- or high-risk surgery, in patients aged
>65 years and/or with comorbidities. Several questions
remain to be assessed in dedicated clinical studies, such as
how to optimize the management of patients with raised
cardiac specific biomarkers before surgery, and whether a
strategy based on biomarker measurement improves patient
outcomes and is cost-effective.
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Introduction

Patients undergoing major non-cardiac surgery have a
substantial risk of major adverse cardiovascular events
(MACE) during the peri-operative period [1-7]. These
events still represent a significant concern in patients un-
dergoing non-cardiac surgery, despite a decreasing inci-
dence over the last 30 years [8-11]. Every year about
167,000 cardiac complications related to non-cardiac sur-
gery are reported, and 19,000 of them are life-threatening
events [8]. 2014 European Society of Cardiology/European
Society of Anaesthesiology (ESC/ESA) Guidelines recom-
mended to perform a careful risk assessment of cardiac
events also in patients undergoing non-cardiac surgery [8].
Unfortunately, the possibility to predict cardiovascular
events remains limited, despite the introduction of several
algorithms to calculate the risk of adverse events, mainly
death and MACE based on the clinical history, risk factors
(sex, age, lipid profile, serum creatinine) and non-invasive
cardiac exams (electrocardiogram, echocardiogram, stress
tests) [4, 5, 8, 9]. For this reason, cardiac-specific bio-
markers have been proposed as additive tools to predict the
risk of cardiovascular events [3, 10-12].

The Canadian Cardiovascular Society (CCS) Guide-
lines published in 2017 recommended the measurement of
cardiac natriuretic peptides (NPs; B-type NP [BNP] or the
N-terminal fragment of pro-BNP [NT-proBNP]) before
surgery to refine the prediction of cardiac events during
the peri-operative period [13]. These recommendations
relied on prospective observational studies and six meta-
analyses that evaluated the accuracy of NPs to predict
major adverse cardiovascular events after non-cardiac
surgery [14-21].

Over the last 10 years, increased concentrations
of cardiac troponin (cTn) have been associated with a
higher risk of cardiac events in the short- and long-term in
patients undergoing non-cardiac surgery [10-13, 22-45].
Nonetheless, at present there are no specific recommen-
dations on the measurement of cTn during the peri-
operative period.

This inter-society expert document aims to analyze in
detail the clinical value of cardiac-specific biomarkers
measured before surgery and changes in biomarker levels
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during the peri-operative period, as well as their role,
which is essential to predict the adverse events in patients
undergoing major non-cardiac surgery. Building on
published evidence we have formulated recommenda-
tions for the evaluation of patients at highest risk of MACE
during non-cardiac surgery. This Consensus Document
has been written by the Inter-Society Study Group on
Cardiac Biomarkers of the Italian Societies of Clinical
Biochemistry, and has been endorsed by the boards of the
following Italian Societies: European Ligand Assay Soci-
ety (ELAS), Italian section; Societa Italiana di Biochimica
Clinica e Biologia Molecolare Clinica (SIBioC); Societa
Italiana di Patologia Clinica e Medicina di Laboratorio
(SIPMel).

Evaluation of the cardiovascular
risk through the use of cardiac
biomarkers in patients undergoing
non-cardiac surgery

Around half of cardiac deaths during the peri-operative
period occurs in patients without a history of cardiac
disease [7, 10]. This suggests that our current protocols for
the assessment of subclinical cardiac disease are still
suboptimal [10]. The risk prediction models based only on
clinical criteria, including the classical risk factors and
cardiac stress tests, do not seem to improve the accuracy
of pre-operative risk stratification and to reduce 30-day
mortality after non-cardiac surgery [9, 11, 12]. Most
notably, a 2019 meta-analysis included six studies on the
accuracy of cardiac stress test to predict 30-day mortality,
and concluded that there is insufficient evidence that
stress testing leads to a reduction in peri-operative
mortality [11].

Measurement of BNP and NT-proBNP has been widely
accepted as a tool to refine risk stratification and improve
prognostic accuracy in patients undergoing non-cardiac
surgery, particularly as these biomarkers allow to identify
a subclinical cardiac dysfunction [46, 47]. Furthermore,
the measurement of ¢cTnl and cTnT with high-sensitivity
assay (hs-cTnl and hs-cTnT) methods has been recom-
mended for identification of myocardial damage [43-45,
48-50].

Cardiac NPs are hormones produced and secreted to
a greater extent by the heart compared to other organs
[43, 46, 51]. International Guidelines recommend the
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measurement of BNP/NT-proBNP for diagnosis, risk strat-
ification and monitoring of patients with acute and chronic
heart failure [47, 52]. 2014 ESC/ESA Guidelines stated
that measurement of NPs before surgery should not be
performed in all patients who must undergo major
non-cardiac surgery, but can be considered in all high-risk
patients [8]. Recently, some prospective observational
studies and six meta-analyses have reassessed the prog-
nostic accuracy of BNP and NT-proBNP for the prediction of
cardiovascular events after non-cardiac surgery [14-21].
Based on these results, 2017 CCS Guidelines provided rec-
ommendations for peri-operative risk assessment before
non-cardiac surgery [13]. This document strongly recom-
mends the measurement of BNP or NT-proBNP before
surgery (including non-cardiac surgery) to improve the
prediction of peri-operative MACE in patients with the
following characteristics: age >65 years, age 45—64 years
but known cardiovascular disease, a Revised Cardiac Risk
Index (RCRI) score >1 [13]. The RCRI algorithm includes:
ischemic cardiac disease, heart failure, cerebrovascular
disease, diabetes mellitus, serum creatinine >177 pmol/L or
2.0 mg/dL, and high-risk major surgery (intra-peritoneal,
vascular endothoracic or suprainguinal) [13].

2014 ESC/ESA Guidelines stated that cTnl or cTnT
measurement can be considered in patients at high risk,
before and 48-72 h after major cardiac surgery, to detect a
cardiac damage [8]. This recommendation is based on the
evidence that peri-operative increases in cTn concentra-
tions are associated with a greater risk of cardiac events in
the short- and long-term in patients undergoing non-
cardiac surgery, particularly when hs-cTnl and hs-cTnT
methods are used [10-13, 22-42].

In 2019, Humble et al. performed a systematic review and
meta-analysis on the prognostic value of the increase of cTn
above a decisional (usually the 99th percentile Upper Refer-
ence Limit, URL) value in adult patients undergoing non-
cardiac surgery [35]. The endpoints were MACE during the
hospital stay or within 30 days from discharge or all-cause
death. This meta-analysis included 19 studies that evaluated
the pre-operative concentration of cTn and three studies
assessing the peri-operative changes in cTn [35]. cTn was
measured in a total of 13,386 samples (from 33 to 4,575 across
the different studies). The studies were mostly prospective
and single-center, and patients underwent different types of
non-cardiac interventions, but with an intermediate-to-high
risk. Six studies employed hs-cTn methods [35]. Pre-operative
cTn measurement was able to predict adverse events on the
short- (adjusted odds ratio [OR] 5.87, 95% confidence interval
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[CI] 3.24-10.65, p<0.001) and the long-term (adjusted hazard
ratio 2.0, 95% CI 1.4-3.0, p<0.001) [35].

Recently, Lowe et al. evaluated the utility of the peri-
operative increase in cTn as a predictor of cardiac
morbidity and mortality in patients operated on femoral
neck fractures [53, 54]. These fractures are rare in subjects
aged <50 years in the absence of major traumas, while in
elderly patients they may occur following minor traumas
because of reduced bone density and bone frailty [39, 53,
54]. This meta-analysis included 11 studies with a total of
1,363 patients (mean age 83 years, 351 men and 904
women) [39]. In detail, seven studies assessed cTnl, 3 hs-
cTnT and one study assessed hs-cTnl. Overall, 497 patients
(36.5%) have displayed an increase in cTn concentration
after surgery. The peri-operative increase in troponin was
significantly associated with all-cause mortality (OR 2.6,
95% CI 1.4-4.6, p<0.001) and cardiac complications (OR
7.4, 95% CI 3.5-15.8, p<0.001) [39]. Higher cTn levels have
been associated with pre-existing coronary artery disease,
heart failure, hypertension, stroke and prior myocardial
infarction [39]. These results demonstrate that the peri-
operative increase in cTn is significantly associated with an
increase in mortality and post-operative cardiac compli-
cations in patients operated for femoral neck fractures [39].

Take-home messages

— About one half of deaths for cardiac cause during the
peri-operative phase occurs in patients without a his-
tory of cardiac disease. Therefore, there is a crucial
need to assess more accurately the cardiovascular risk
before major non-cardiac surgery.

— In 2014, ESC/ESA Guidelines stated that pre-operative
measurement of NPs (BNP or NT-proBNP) should
not be systematically performed for risk stratification
in all patients who must undergo major non-cardiac
surgery, but can be considered in patients with a high-
risk [8].

— The same Guidelines state that cTnl and cTnl mea-
surement may be considered in patients with a high
risk, before or 48-72 h after major surgery, to detect a
myocardial damage [8].

— In 2017 the CCS recommended the measurement of
BNP or NT-proBNP before surgery to better estimate
the risk of peri-operative MACE in patients with a
higher risk because of their clinical history, age (>65
years), or comorbidities.
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Analytical and pathophysiological
considerations on cardiac-specific
biomarkers

Both NPs and cTn are useful prognostic indicators in patients
undergoing major non-cardiac surgery [10-42]. Nonetheless,
clinicians should interpret measured values based on
the analytical performance of the assay methods and the
mechanisms of production and release by the heart. In
healthy subjects, NPs and cTn are found in the circulationina
range of concentration (from about 3 to 50 ng/L) [43-45] that
are 100-1,000 times lower than other biomarkers, including
C-reactive protein, creatinine, cholesterol, D-dimer, neutro-
phil gelatinase-associated lipocalin [43, 55-57]. Some
proteins and circulating peptides can influence directly
the binding of NPs and cTn to specific antibodies used
by immunometric methods, thus affecting results. As dis-
cussed in details elsewhere [43-45, 58-60], this interference
becomes more relevant when molar concentrations of
different substances able to bind the monoclonal antibodies
used by the immunometric systems increase compared to
cardiac biomarkers. Furthermore, the measurement of cTnl
and cTnT with immunometric methods can be influenced by
the binding of these two cardiac troponins with troponin C,
with some tissue or plasma proteins and also with some
heterophile antibodies or autoantibodies, especially when
macromolecular complexes are formed [58, 59]. Therefore,
both the accuracy and the clinical interpretation of the
measurement of cardiac biomarkers strongly depend on the
analytical characteristics and the performance of assay
methods [43, 58-61].

Assay methods of cardiac natriuretic
peptides (BNP and NT-proBNP)

The determination of cardiac NPs is an essential diagnostic
and prognostic tool in patients with cardiac disorders
because these biomarkers are released following a stress
able to activate the neuro-endocrine-immune system
[43, 44, 51]. It is important to specify that the increase in
BNP/NT-proBNP by itself does not allow to define the stress
mechanisms acting on an individual patient [51, 60-62]. In
particular, variations in circulating levels of NPs are useful
to detect cardiac stress in patients with risk factors or
asymptomatic cardiovascular disease [51, 60—63].

Cardiac NPs are rapidly degraded in vivo. The active
hormone BNP has a shorter plasma half-life (20-40 min)
than the inactive peptide NT-proBNP (>60 min) [51, 60, 64].
Because of their rapid turnover, BNP has a greater intra-
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and inter-individual variability (40-50% and 50-60%,
respectively) compared with NT-proBNP (30—40% and 40—
50%, respectively) [60, 64]. A wide variability is associated
with large confidence intervals and large differences be-
tween serial measurements in a single individual, regard-
less of changes in the disease state [65].

Clinicians should be informed by Biochemical Chem-
istry experts and then consider some critical issues for a
correct interpretation of changes in plasma concentrations
of BNP/NT-proBNP [43, 44, 46, 51]. In particular, values
should be interpreted based on sex, age, body mass index,
comorbidities and current therapies [43, 47, 60-62].
Furthermore, kidney disease can influence the clearance of
BNP/NT-proBNP increasing their circulating levels [60, 61].
Nevertheless, a meta-analysis has demonstrated that
NT-proBNP retains a diagnostic utility for acute heart fail-
ure even in patients with chronic kidney disease (although
with higher cut-offs) and holds prognostic value regardless
of renal function [63].

The methods that measure BNP show greater system-
atic differences between them than methods that measure
NT-proBNP [60, 66]. Because of its greater stability in vivo
and in vitro and a lower difference between assay methods,
NT-proBNP is a better indicator of disease and outcome
than BNP [60].

From a clinical perspective, it is important to notice that
international guidelines recommend decisional values for
the diagnosis and risk prediction in patients with heart
failure, but not for the risk stratification of patients under-
going major non-cardiac surgery [46, 47]. The lack of a
general consensus on specific threshold values undoubedtly
limits the use of BNP/NT-proBNP in clinical practice for the
evaluation of the peri-operative risk. Optimal cut-off values
have been calculated for MACE prediction, with a large
variability in the proposed values. In 2009, a meta-analysis
on 15 studies and 4,856 patients reported that NT-proBNP
cut-offs were higher than BNP cut-offs (range 201-791 ng/L
vs. 35-255 ng/L, respectively) [16]. More recently, Rodseth
et al. have evaluated the prognostic value of pre-operative
BNP for cardiovascular events (defined as cardiovascular
deaths and non-fatal myocardial infarction) and all-cause
mortality during the first 30 days after vascular surgery in an
individual patient data meta-analysis assessing a total of
632 patients. From the receiving operating characteristics
(ROC) curve, the Authors calculated a BNP cut-off of 116 ng/
L (sensitivity 66%, specificity 82%) as the value with the
better combination of sensitivity and specificity, and then
with the greater accuracy for outcome prediction [17]. The
Authors also proposed a value of 30 ng/L as a rule-out cut-
off (sensitivity 95%, specificity 44%) and a value of 372 ng/L
as a rule-in cut-off (sensitivity 32%, specificity 95%) [17].
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Assay methods for cTnl and ¢TnT

The assay methods for hs-cTnl and hs-cTnT have been
recommended by the latest international guidelines as the
golden standard methods for the diagnosis of myocardial
damage and myocardial infarction [49, 67-70]. The docu-
ment published in 2018 from the American Association for
Clinical Chemistry and the International Federation of
Clinical Chemistry [67] establishes the two essential criteria
that define the high-sensitivity methods for cTnl and cTnT.
The first criterion is that the 99th percentile URL (i.e., the
99th percentile of the distribution of values of hs-cTnl or
hs-cTnT in a reference population) must be measured with
an error (expressed as coefficient of variation) lower than
or equal to 10%. The second, more restrictive, criterion
involves that hs-cTnl and hs-cTnT methods measure
biomarker concentrations with values higher than the limit
of detection of the method in at least 50% of individuals in
a reference population including at least 300 apparently
healthy women and men [67].

The mechanism underlying the presence of detectable
levels of hs-cTnl and hs-cTnT in healthy subjects is not well
understood [48, 71-73]. Teorethical considerations and
some experiments in animals and in humans suggest that
the 99th URL value corresponds to the amount of hs-cTn
within around 40 mg of myocardial tissue [48, 71-73]. Car-
diac troponins are localized mostly in the sarcomere of
cardiomyocytes and bound to myofibrils; while only around
4-9% of cTnl and cTnT are found in the cytosol of car-
diomyocytes as unbound proteins [48, 71, 72]. According to
these studies, hs-cTn levels in healthy adult subjects at rest
should be considered as a specific indicator of the physio-
logical turnover of cardiomyocytes [48, 71, 72]. The estimate
of URL values of hs-cTnl and hs-cTnT assay methods is
influenced by the demographical characteristics of the
reference population, in particular sex and age distribution,
and likely also the ethnic group [58, 59, 67, 74-76). A very
important point is that the intra-individual biological vari-
ability of these two biomarkers is very low (on average about
9%) [77]. Furthermore, the hs-cTnl and hs-cTnT methods
have an excellent analytical imprecision (coefficient of
variability 5-7%) at the 99th percentile URL [58, 77].
Because of these favorable characteristics, the critical
differences (reference change value, RCV) between two
values of hs-cTnl or hs-cTnT measured in the same subject in
different times are greatly lower than other cardiac bio-
markers (especially BNP/NT-proBNP) [43, 44, 58, 77-83].
Therefore, hs-cTnl and hs-cTnT are better suited to act as
prognostic biomarkers than BNP and NT-proBNP because
of the higher analytical and biological variability of NPs
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[58, 77, 84]. The hs-cTnl and hs-cTnT methods indeed
display ideal analytical and pathophysiological character-
istics for prognostic biomarkers [44, 48, 58, 60, 84] (Table 1).

Combined measurement of BNP/NT-proBNP
and hs-cTn

According to the Fourth Definition of Myocardial Infarction
[49], published in 2018, the term myocardial injury should
be employed when there are elevated concentrations of hs-
cTnl or hs-cTnT with at least one value above the 99th
percentile URL value. There are many cardiac and extrac-
ardiac conditions that can produce a myocardial injury in
the absence of acute myocardial ischemia (Table 2). Acute
myocardial infarction is defined as a myocardial injury
with clinical evidence of myocardial ischemia and an in-
crease and/or decrease of hs-cTnl or hs-cTnT with at least
one value higher than the 99th percentile URL [49].

Many clinical studies and some meta-analyses have
confirmed that there are some individuals with no evidence
of cardiac disease who have concentrations of hs-cTnl or
hs-cTnT in the third tertile of biomarker values (then still
below the 99th percentile URL), who have nonetheless a
higher risk of cardiac mortality even in the intermediate
term (around 6-12 months) and/or rapid progression to-
ward heart failure [84, 85]. The combined measurement of
NPs and hs-cTn should allow to identify more easily these

Table 1: Biological and analytical characteristics of cardiac tropo-
nins as cardiac-specific biomarkers.

Cardiac troponins are optimal cardiac-specific biomarkers because:

(1) Cardiac troponins are tissue-specific biomarkers, expressed just
by cardiomyocytes in healthy subjects

(2) Cardiactroponins are more stable in vivo and in vitro than cardiac
natriuretic peptides

(3) Cardiactroponins can be measured on both plasma (with EDTA or
heparin) and serum

(4) Reliable laboratory tests for both cardiac troponins are
commercially available

(5) High-sensitivity methods are available (limit of detection about
1-3 ng/L)

(6) The concentration value can be measured within 30 min with the
most diffuse automated platforms

(7) Both cardiac troponins have an intra-individual biological vari-
ability <10%, while the inter-individual variability is higher
(40-50%) because it is correlated to age, sex and body mass
(and then cardiac mass)

(8) Considering that both cardiac troponins have a similar intra-
individual variability and also the analytical variability of all the
hs-cTnland T methods at the clinical cut-off is <10%, the reference
change values are basically equal to for all assays.

Adapted from ref. [116].
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Table 2: Pathophysiological conditions associated to elevation of
measured circulating levels using hs-cTnl and hs-cTnT methods due
to the presence of myocardial injury, according to the Fourth Uni-
versal Definition of Myocardial Infarction [49].

Myocardial injury related to acute myocardial ischemia (related to
Type 1 AMI)
(1) Atherosclerotic plaque disruption with thrombosis.

Myocardial injury related to acute myocardial ischemia because of
oxygen supply/demand imbalance (related to Type 2 AMI)
(1) Reduced myocardial perfusion, e.g.

— Coronary artery spasm, microvascular dysfunction

— Coronary embolism

— Coronary artery dissection

— Sustained bradyarrhythmia

— Hypotension or shock

— Respiratory failure

— Severe anaemia
(2) Increased myocardial oxygen demand, e.g.

— Sustained tachyarrhythmia

- Severe hypertension with or without left ventricular

hypertrophy

Other causes of myocardial injury
(1) Cardiac conditions, e.g.
— Heart failure
- Myocarditis
- Cardiomyopathy (any type)
- Takotsubo syndrome
- Coronary revascularization procedure
— Cardiac procedure other than revascularization
— Catheter ablation
— Defibrillator shocks
- Cardiac contusion
(2) Systemic conditions, e.g.
- Sepsis, infectious disease
— Chronic kidney disease
— Stroke, subarachnoid haemorrhage
- Pulmonary embolism, pulmonary hypertension
— Infiltrative diseases, e.g. amyloidosis, sarcoidosis
— Chemotherapeutic agents
— Critically ill patients
— Strenuous exercise

Reproduced from ref. [116].

individuals who have a higher risk [44, 77]. Indeed,
cardiac-specific biomarkers have different but comple-
mentary characteristics. Concentrations of NPs and hs-cTn
are differently affected by the mechanisms causing cardiac
dysfunction and/or damage [43, 44, 56, 57, 60]. An increase
in circulating levels of both biomarkers suggests that the
stress mechanisms have already caused relevant alter-
ations of cardiac function (increase in BNP/NT-proBNP)
and also a significant damage to cellular structure (in-
crease in hs-cTn) [43, 44]. Furthermore, experimental and
clinical studies report that individuals from the general
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population or patients with cardiac disease and elevated
values of both cardiac biomarkers have worse outcomes
than individuals with just one abnormal biomarker
[84-86]. The same occurs in individuals undergoing non-
cardiac surgery [87].

In particular, Moon et al. performed a retrospective
evaluation of 2,490 adult patients (aged 20-78 years,
median 54 years; 74% men) undergoing liver trans-
plantation between 2010 and 2018 to define the prognostic
value of the combined measurement of BNP and cTnl
before organ transplantation to predict post-transplant
90-day mortality [87]. During a median follow-up of 2.9
years (interquartile range 1.3-4.9 years), 221 (8.9%) pa-
tients died after liver transplantation. However, only 72
patients (2.9% of total number) died during the first
90 days, and these patients were taken into account for
the calculation of 90-day mortality rate, considered as the
primary end-point of the study. Because patients with
higher cardiac markers differed significantly from those
with lower cardiac markers, cases were dichotomized
using the cut-off values of BNP and cTnl calculated by
means of ROC analysis and then divided into three groups
using a combination of cut-off values: both biomarker
below threshold, either one elevated, and both elevated.
The calculated crude Hazard Ratios (HR) were also
adjusted by established risk factors. Patients with both
biomarkers below threshold were considered as the
reference patient group with an adjusted Hazard Ratio
(HR)=1. The most important results are that the combined
measure of cardiac-specific biomarkers predict mortality
at 90 days after the transplant. Indeed, patients with both
biomarkers above the thresholds (i.e., 400 ng/L for BNP
and 60 ng/L for cTnl, respectively) displayed an adjusted
HR of 4.23 (95% CI 1.98-9.03, p<0.001) more 4-folds
higher than the reference patient group (BNP and cTnl
values below the threshold). Furthermore, patients with
only one biomarker elevated (BNP or cTnl) showed HR
values significantly higher than the reference patient
group: only BNP above the cut-off value, HR=2.52 (95% CI
1.07-5.89, p=0.033); only cTnl above the cut-off value,
HR=3.30 (95% CI 1.49-7.31, p=0.003). Therefore, the
combined measurement of BNP and cTnl before trans-
plantation would help define the priority of liver trans-
plantation in individual patients.

Take-home messages

— Both NPs and hs-cTn are useful prognostic indicators
in patients undergoing major non-cardiac surgery.
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— Although the measurement of NPs is useful to detect
cardiac stress, it is not able to discriminate the specific
mechanisms causing cardiac dysfunction.

— Myocardial injury is defined as elevated concentra-
tions of hs-cTnl or hs-cTnT with at least one value
above the 99th percentile URL (i.e., the 99th percentile
of the distribution of biomarker values in the reference
population).

— There are many cardiac and extracardiac conditions
that can cause a myocardial injury, and clinicians must
always search for these conditions.

— The combined measurement of NPs and hs-cTn pro-
vides more accurate pathophysiological and clinical
information than the measurement of single bio-
markers. Therefore, both cardiac-specific biomarkers
should be measured when there is a suspicion of car-
diovascular disease.

— Anincrease in both biomarkers suggests that the stress
mechanisms have already caused relevant alterations
of cardiac function (increase in BNP/NT-proBNP) as
well as a significant damage to some myocardiocytes
(increase in hs-cTn).

Assessment of myocardial injury in
patients undergoing major non-
cardiac surgery

Several studies have evaluated the changes in circulating
hs-cTnl and hs-cTnT in patients undergoing major non-
cardiac surgery [6-9, 22-42, 88-93]. In 2021, considering
that hs-cTnl and hs-cTnT are frequently elevated in pa-
tients undergoing major non-cardiac surgery and that
biomarker elevation is associated with mortality and major
vascular complication, the Scientific Statement from the
American Heart Association [93] proposed a new clinical
diagnosis of Myocardial Injury after Non-cardiac Surgery
(MINS). According to this statement, MINS should be
defined by at least one elevated postoperative cardiac
troponin concentrations that exceed the 99th percentile
URL value of the cTnl and cTnT assay and are attributable
to a presumed ischemic mechanism, with or without
concomitant symptoms or signs [93]. It is important to note
that this definition of MINS includes some cases of
myocardial infarction and ischemic myocardial injury that
do not fulfill the Fourth Universal Definition of Myocardial
Infarction [49].

Episodes of myocardial injury can occur in the first
30 days, but more frequently within 72 h, and nearly all
within the two first days after non-cardiac surgery [93]. In
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particular, the VISION study was a prospective cohort
study enrolling 40,004 patients (aged =45 years, half of
them men) undergoing non-cardiac surgery during hospi-
tal admission from 2007 to 2013 in 28 centers in 14 countries
in North and South America, Asia, Europe, Africa and
Australia [91]. This study demonstrated a prevalence of MI
after myocardial injury of 13% (95% CI 12.7-13.3). The
prevalence was more common in vascular surgery (633
patients, 24.0%) and less common in urologic or gyneco-
logic surgery (503 patients, 10.4%). Furthermore, the
occurrence of myocardial injury after non-cardiac surgery
was significantly associated to 30-day mortality (314
deaths; adjusted HR 2.2, 95% CI 1.9-2.6) and was one of the
main causes of death [91]. cTnT levels were measured 6—
12 h after the surgery and on day 1, 2 and 3 after surgery
using a not hs method, thus possibly underestimating the
prevalence of myocardial injury.

Only recently, hs-cTnl and hs-cTnT methods were
used to detect the presence of myocardial injury in
patients undergoing non-cardiac surgery [31, 34, 37, 40,
41, 88, 89, 91]. The most important elements of experi-
mental design and results of some very recent studies
using contemporary or high-sensitivity ¢Tnl and cTnT
methods are summarized in Table 3. Indeed, both
contemporary and high-sensitivity methods for cTnT
[31, 40] and cTnl assays [41] were used in some studies
because the enrollment of patients lasted many years. In
two retrospective studies, the prevalence of myocardial
injury in patients undergoing non-cardiac surgery was 9%
in a Spanish study where hs-cTnl was measured [41] and
3.5% in an US study where hs-cTnT was measured [91].
The other four studies [34, 37, 40, 88] wished to evaluate
the association between hs-cTnT and peri-operative car-
diovascular risk. Despite the large differences in term of
experimental design, number of enrolled patients, type of
surgery and results of surgery, the rate of mortality was
clearly higher in patients with myocardial injury than
those without [34, 37, 40, 88]. Additionally, patients un-
dergoing non-cardiac surgery had more often other
important complications such as sepsis or bleeding
[37, 40].

A study published in 2012 evaluated 46,539 adult pa-
tients undergoing non-cardiac surgery in 498 hospitals in
28 European countries [94]. In this study, 1,855 patients
(4%) died before discharge, 3,599 (8%) were admitted in
intensive care unit after surgery for a median of 1.2 days
(0.9-3.6); 1,358 of the deceased patients (73%) were not
admitted to intensive care unit after surgery [94]. Never-
theless, the raw rates of mortality were highly different
across countries (from 1.2%, 95% CI 0.0-3.0 in Islanda
to 21.5%, 95% CI 16.9-26.29 in Lettonia), likely because
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Table 3: Recently published studies using cTnl and cTnT methods for the detection of MINS and/or cardiovascular risk in patients undergoing
major non cardiac surgery.

Authors, Methods Type of study Enrolled population Clinical results Ref.
year

Deveraux P) Fourth-generation  Prospective cohort study Two enrolled populations (first popula- Among patients undergoing [31]

et al. VISION cTnT and fifth- tion 15,000 patients, second popula-  noncardiac surgery, peak
Study (2017) generation high- tion more than 21,000 patients. postoperative hs-TnT during
sensitivity hs-TnT Considering all the 21,842 partici- the first 3 days after surgery
pants, the mean age was 63.1 (SD, was significantly associated

10.7) years and 49.1% were female. with 30-day mortality.
Elevated postoperative hs-
TnT without an ischemic
feature was also associated
with 30-day mortality.

Gorka ) etal. hs-cTnT Prospective observational 164 adult patients (>45 years, men 1-year mortality was higher [34]
(2018) cohort study 79.9%, mean age 66.1 + 9.1 years) in patients with MINS
undergoing surgery for PAD (88.4%) or (23.1%), evaluated by
AAA (23.8%). increased hs-cTnT, than
non-MINS patients (7.2%;
p=0.006)
Ackland GL  hs-cTnT Prospective multicentre 4,335 patients aged >45 years under-  Patients with elevated [37]
et al. (2020) observational cohort study going elective noncardiac surgery troponin (49.8%) have more

(mean age, 65 + 11 years, men 54.9%). frequently noncardiac
morbidity (OR: 1.95; 95% Cl:
1.69-2.25), and are also at
higher risk of infectious
morbidity (OR: 1.54; 95% Cl:
1.24-1.91) and critical care
utilization (OR: 2.05; 95%

Cl: 1.73-2.43).
Costa Fourth-generation Prospective multicentre 2,504 adult (=45 years) patients (mean MINS, evaluated by [40]
MCDBG et al. cTnT and fifth- observational cohort study age 61.9 + 11.0 years; men 49%) un-  increased hs-cTnT within
(2021) generation high- dergoing noncardiac surgery at 2 ter- 30 days after noncardiac
sensitivity hs-TnT tiary hospitals. surgery, was related to

higher mortality (HR: 3.17,
95% Cl: 1.56-6.41).

Serrano SK  Both contemporary Prospective cohort with 3,363 adult (=45 years) patients (mean The incidence of MINS was  [41]
etal. (2021) and hs-cTnl assays retrospective analysis. age 72.9 + 11.7 years; men 47.1%) 9%. Preoperative risk fac-
Multivariable logistic undergoing major non-cardiac surgery. tors that increased the risk
regression analysis was of MINS were age, ASA
used to study risk factors classification and vascular
associated with MINS, eval- surgery.

uated by increased hs-cTnl.
Kler Aet al.  Fifth generation hs- Retrospective single center 109 consecutive patients (men 48.6%) ROC curves demonstrated a [88]

(2021) TnT assay study who underwent open pan- strong correlation between
creaticoduodenectomy (median age 66 elevated mean hsTnT and
years, range 2085 years) 30-day (AUC=0.937),

90-day (AUC=0.852) mor-
tality and MACE
(AUC=0.779). In multivar-
iate analysis hs-TnT was
significantly associated with
90-day mortality (OR:
43.928, p=0.004) and MACE
(OR: 8.177, p=0.048).



DE GRUYTER

Table 3: (continued)
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Authors, Methods

year

Type of study

Enrolled population

Clinical results Ref.

Turan Aetal. Fourth-generation
(2021) cTnT assay

Single center retrospective
analysis

4,480 of adults (=45 years) with routine The incidence of MINS was
postoperative TnT monitoring after

[91]
155/4,480 (3.5%).

noncardiac surgery (mean age 62.9
years, men 51.1%)

PAD, vascular surgery for peripheral artery disease; AAA, abdominal aortic aneurysm; MINS, myocardial injury after non-cardiac surgery; ASA,
American Status Anaesthesiology; MACE, major adverse cardiovascular events. Adapted from ref. [116].

of cultural, demographic, socio-economic and political
differences between nations, all factors that affect the
outcomes of surgery [94].

Overall, the data in Table 3 confirm that myocardial
injury, evaluated with the hs-cTnl and hs-cTnT methods, is
frequently observed in patients undergoing major non-
cardiac surgery, particularly in more elderly patients or
those with cardiac or extra-cardiac morbility [34, 37, 40, 41,
88, 91]. These studies also confirm that increased hs-cTnl
and hs-cTnT above the 99th percentile URL value are
significantly associated with an increased risk of mortality
or MACE [34, 37, 40, 88].

Clinical considerations on the
measure of cardiac-specific
biomarkers in patients undergoing
major non-cardiac surgery

Several technical aspects, surgical factors and clinical
conditions may influence the evaluation and/or clinical
interpretation of cardiac-specific biomarkers in patients
undergoing major non-cardiac surgery. Some of these
factors deserve a more detailed discussion.

Clinical relevance of the measurement of
biomarkers before surgery

The stress induced by surgery and the anesthesia may cause
myocardial ischemia by increasing oxygen requirements,
reducing oxygen availability or by the combination of these
mechanisms [8]. According to the 2014 ESC/ESA Guidelines,
the main goal of pre-operative evaluation is to search for and
manage the cardiovascular risk factors in patients under-
going surgery [8]. These Guidelines recommend to consider
BNP and NT-proBNP measurement to predict the risk of peri-
operative and late cardiac events in patients at high risk

(class IIb, level B). cTn should be measured in patients at
high risk, both before and 48-72 h after major surgery (class
Ib, level B). On the other hand, a systematic screening of
cardiac biomarkers before surgery is not recommended
(class 111, level C) [8].

The Authors of the present document deem that NPs
and hs-cTnl or hs-cTnT should always be measured before
surgery, particularly in patients with a higher risk, for
example because of their age (>65 years) and/or presence
of comorbidities [84, 85, 93]. The measurement of BNP/
NT-proBNP and hs-cTn is independent and complemen-
tary to other important indicators of risk, such as those
deriving from ECG and imaging techniques [6, 8, 23].
Elevated levels of cardiac-specific biomarkers before
surgery are associated with a markedly higher risk of
MACE during the peri-operative period [34, 35, 37, 40, 87,
88, 93]. Importantly, if a preoperative measurement is not
performed, it is impossible to assess the specific contri-
bution of surgery to the increase in cardiac biomarkers
observed during or just after the surgery.

The measurement of hs-cTnl or hs-cTnT can identify
subjects free from symptomatic cardiac disease but having
a higher cardiovascular risk. These subjects have hs-cTn
values in the third tertile or even above the 99th percentile
URL value [84, 85, 95]. Importantly, many cardiac and non-
cardiac conditions may cause a myocardial damage,
particularly in elderly patients with comorbidities (Ta-
ble 2). Furthermore, the detection of high cardiac-specific
biomarkers during the pre-operative evaluation can
prompt clinicians to perform further non-invasive or
invasive cardiac tests to identify the underlying cardiac
disease and then obtain further information on the clinical
condition of the patient [2, 8].

According to the international guidelines [49, 93], se-
rial cTn concentrations (preferably measured with hs-cTnl
and hs-cTnT methods) are necessary to diagnose MINS
because they allow to better distinguish acute from chronic
myocardial injury; furthermore, pre-operative cTn con-
centrations inform the interpretation of post-operative
measurements. In particular, the 2021 Scientific Statement
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from the American Heart Association [93] recommends that
patients at high clinical risk for cardiovascular events such
as adults =65 years of age or adults =45 years of age with
established coronary or peripheral atherosclerotic cardio-
vascular disease, should be evaluated by means of a pre-
operative baseline cTn measurement and then a repeated
measurement within 48-72 h after surgery, if the results
would modify clinical management. Furthermore, when a
post-operative cTn concentration is elevated but a recent
prior cTn measurement (pre- or post-operative) is not
available, a second cTn measurement should be obtained
to determine whether a rising or falling pattern indicative
of acute myocardial injury is present [93]. Of course, peri-
operative myocardial injury with a documented non-
ischemic cause should not be classified as MINS [49, 93].

Effects of cardiac-protective drugs

Patients undergoing major non-cardiac surgery with
increased concentrations of cardiac biomarkers, and then
with a higher risk of peri-operative MACE, should be pro-
tected through cardiac-protective medications [8]. Accord-
ing to ESC/ESA Guidelines, beta-blocker therapy may be
considered before high-risk surgery if patients have at least
two classic clinical risk factors or score at least three on the
American Society of Anesthesiologists scale (class IIb, level
B). Furthermore, beta-blockers before surgery might be
considered also in patients with a history of ischemic cardiac
disease or myocardial ischemia (class IIb, level B) [8].

The primary objective of a cardiac-protective therapy is
to reduce the stress to the heart by counteract neurohor-
monal and immune activation [51, 57, 62, 96]. As a result, a
continuous therapy with cardiac protective drugs such as
beta-blockers, angiotensin converting enzyme inhibitors
(ACEi) or angiotensin receptor blockers (ARB) tends to
reduce circulating levels of biomarkers in patients with
cardiac disease [51, 57, 62, 96]. Even diuretics, often pre-
scribed to patients with hypertension or heart failure,
should be maintained in patients undergoing major non-
cardiac surgery [8]. A continued therapy with diuretics
tends to reduce NP levels [51, 57, 62].

Chronic heart failure

Heart failure is a well-established predictor of peri- and
post-operative cardiac events and is included in several
algorithms for risk prediction [8, 97-99]. In a study on a
registry of 160,000 Medicare procedures including patients
aged =65 years, heart failure was found in 18% of cases and
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was associated with a 63% higher risk of surgical mortality
and a 51% higher risk of 30-day readmission for all causes
compared to patients with coronary artery disease but no
heart failure [97]. In particular, a study reported that a left
ventricular ejection fraction (LVEF) <35% is a strong pre-
dictor of cardiac events after vascular surgery [99]. Circu-
lating NP levels are increased in patients with acute or
chronic HF, with reduced or preserved EF [8, 47].

Pre-operative NP levels are strongly correlated with the
outcome of patients with heart failure and with the peri-
and post-operative morbidity and mortality [6, 8, 18, 100].
Furthermore, compared to a single pre-operative mea-
surement of BNP/NT-proBNP, their post-operative mea-
surement improves risk stratification for the composite
outcome of death or non-fatal MI at 30 days and =180 days
after non-cardiac surgery [20]. Based on this evidence [6,
18, 20, 100], Guidelines recommend that NPs are routinely
measured before non-cardiac surgery when a cardiac
dysfunction is known or suspected [8].

The circulating levels of hs-cTnl and hs-cTnT are often
elevated in patients with chronic HF, particularly those aged
>65 years or with comorbidities [43-47, 50], suggesting the
presence of heart failure associated with myocardial damage
(usually not acute). Furthermore, the start of a specific ther-
apy should be considered at least one week before surgery in
stable patients with systolic heart failure (class IIa, level C) [8].

Importantly, some drugs such as ACEi or ARB tend to
reduce circulating levels of both cardiac-specific biomarkers
[43, 44, 50, 60, 96]. In particular, sacubitril/valsartan has
complex effects on the metabolism of NPs [101, 102]. There-
fore, clinicians should consider both the clinical conditions
and the analytical characteristics of methods for BNP/
NT-proBNP measurement to correctly interpret changes in
biomarker levels, especially in patients undergoing major
non-cardiac surgery and receiving sacubitril/valsartan,
during the first month of treatment with this drug [101, 102].

Cardiac arrhythmias

Cardiac arrhythmias are common causes of morbidity and
mortality during the peri-operative period [8]. A systematic
revision including 14 studies found that increased levels of
BNP or NT-proBNP can identify patients at risk for post-
operative atrial fibrillation (AF) after surgery, particularly
after lung or esophageal resection [103]. AF is the most
common cardiac arrhythmia. Its prevalence increases with
age, with a prevalence <0.2% in adults <55 years and
around 10% in those aged =85 years, and is higher in men
[104]. Arrhythmias such as AF and ventricular tachycardia
often denote an underlying structural cardiac disease [105].
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AF is an important risk factor for ischemic stroke [104]. 2022
US Preventive Services Task Force (USPSTF) Guidelines
state that the current evidence does not allow to assess the
cost-effectiveness of a screening for AF in asymptomatic
adults by intermittent or continuous screening strategies,
with ECG or photoplethysmography [104]. Nonetheless, the
finding of these arrhythmias before surgery should lead to
a cardiac evaluation including echocardiography [8].
Patients with AF usually have elevated values of BNP/
NT-proBNP (usually, during acute episodes, over 5-fold
higher than reference limits) [44]. Due to their higher turnover
in vivo, concentrations of NPs tend to decrease rapidly after
an acute arrhythmic episode (BNP more rapidly than
NT-proBNP), and reach values within the reference limits if
no cardiac dysfunction is present [44, 98]. Increased values of
hs-cTn are found in 10-15% of patients with AF and suggest a
structural cardiac disease, pointing to a high cardiac risk.

Take-home messages

— The systematic assessment of results from recent studies
confirms that myocardial damage, evaluated through
evaluated through hs-cTnl and hs-cTnT methods, can
be frequently observed in patients undergoing major
non-cardiac surgery, particularly in elderly patients or
those with cardiac or non-cardiac morbility

— These studies confirm that hs-cTnl and hs-cTnT above
the 99th percentile URL are associated with an
increased risk of death or MACE

— 2014 ESC/ESA Guidelines recommend that BNP/
NT-proBNP measurement be considered for the prog-
nostic evaluation of peri-operative and late cardiac
events in high-risk patients (class IIb, level B). Further-
more, cTn should be evaluated in patients at high risk,
both before and 48-72 h after major surgery (class Ilb,
level B). However, the routine measurement before
surgery is not recommended for risk stratification and to
prevent cardiac events (class III, level C)

— 2014 ESC/ESA Guidelines recommend that pre-
operative administration of beta-blockers be consid-
ered in patients before a high-risk surgery if they have
at least two classical risk factors or a score 3 based on
the ASA classification (class IIb, level B). Furthermore,
pre-operative treatment with beta-blockers might be
considered also in patients with history of ischemic
cardiac disease (class IIb, level B)

— 2014 ESC/ESA Guidelines recommend that specific
therapy for heart failure is continued during the sur-
gery in stable patients with systolic heart failure (class
IIa, level C)

Clerico et al.: Cardiovascular risk in major non-cardiac surgery —— 1535

— A continuous therapy with the most used cardiac
protective drugs (such as beta-blockers, ACEi or ARB)
tends to reduce circulating levels of cardiac bio-
markers in patients with heart disease

— Patients with AF usually present high levels of BNP/
NT-proBNP, which usually fall within the reference
limits after the acute arrhythmic episode and with the
restoration of sinus rhythm, unless cardiac disease is
present. Increased hs-cTn values are found in about
10-15% of patients with AF and suggest a structural
heart disease, then the presence of a myocardial
damage, pointing to a high cardiac risk. Even in pa-
tients undergoing major non-cardiac surgery, the
diagnosis of MI during or after the intervention must be
done through the evaluation of changes in hs-cTnl and
hs-cTnT, according to recent Guidelines.

Analytical and clinical issues related to the
measurement of cTnl and cTnT in patients
undergoing major non-cardiac surgery.

Diagnosis of MINS

Even in patients undergoing major non-cardiac surgery, the
diagnosis of MI during or after surgery should be performed
through the measurement of changes in cTnl or cTnT values
[49, 67-70, 93, 106]. In particular, the very recent Scientific
Statement from the American Heart Association [93] points
out that serial cTnl and cTnT concentrations are necessary to
distinguish acute from chronic myocardial injury, and that
pre-operative biomarkers concentrations are useful for a
better clinical interpretation of post-operative measure-
ments. In particular, for patients at high clinical risk for
cardiovascular events (such as adults >65 years of age or
adults =45 years of age with established coronary or periph-
eral atherosclerotic cardiovascular disease), these guidelines
recommend to perform a pre-operative baseline biomarker
measurement and then a repeat measurement within
48-72 h after surgery if the results of testing would modify
clinical management [93]. When a post-operative c¢Tnl and
cTnT concentration is elevated above the 99th percentile
URL value, but a recent prior biomarker measurement
(pre- or post-operative) is not available, this scientific state-
ment [93] recommends that a further measurement should
be obtained to determine whether a rising or falling pattern
of biomarker is present, in accordance with the Fourth
Universal Definition of Myocardial Infarction [49].

The Scientific Statement from the American Heart As-
sociation [93] does not recommend specific cut-off values
for the diagnosis of MINS using cTnl and c¢TnT assay. In
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accordance with the Fourth Universal Definition of
Myocardial Infarction [49], this Scientific Statement sug-
gest that among patients with a pre-operative or initial
post-operative cTn value exceeding the 99th percentile
URL value, a myocardial injury should be considered acute
when there is a >20% rise or fall in a subsequent cTn con-
centration, even if this threshold, based on expert
consensus, has not been validated in the clinical setting of
non-cardiac surgery [93].

More specifically, the Scientific Statement from the
American Heart Association [93] correctly observes that
data concerning MINS detected using hs-cTnl assays are
lacking. However, this statement suggests that the use of
an increase in biomarker values above the 99th percentile
URL >20% may be reasonable also for hs-cTnl assays.
Considering the hs-cTnT assay, this document states that
an absolute increase in hs-cTnT of 214 ng/L above pre-
operative values, or an increase in hs-cTnT =5 ng/L above
the prior concentration and with a peak high-sensitivity
cTnT >20 ng/L should be also considered acute [93].

It is well known that the 99th percentile URL values of
hs-cTnl and hs-cTnT methods are strictly method depen-
dent [58, 59, 67-69, 74-76, 79-83]. However, several recent
studies have demonstrated that the most popular hs-cTnl
and hs-cTnT methods have a comparable analytical per-
formance showing similar imprecision profiles for the
biomarker values around the 99th percentile URL value
[58, 59, 79-83]. Furthermore, recent studies have also
demonstrated that circulating levels of cTnl and cTnT in
healthy subjects have also similar within-subject biological
variation, especially when measured with high-sensitivity
methods [77, 107-113]. According to Fraser CG [65], it is
possible to calculate the Reference Change Value (RCV) as
the absolute difference (expressed as ng/L) or alternatively
as percentage between biomarker measurements of two (or
more) samples collected from the same subject or patient at
different times, when measured with the same hs-cTnl or
hs-cTnT method. Clerico A et al. have recently reported that
the RCV related to biomarker values measured with the
most popular three hs-cTnl methods and the hs-cTnT
method for the difference between two samples is clearly
different among different methods, when the difference is
expressed as the absolute concentration value (as ng/L),
but it is very similar among all cTn methods when
expressed as percentage [77]. In particular, the mean RCV
percentage value, calculated in the range of biomarker
from about 5 ng/L to about 40 ng/L, was RCV 32.0% (CI
2.4%) with these hs-cTnl and hs-cTnT methods [77].

Notably, the RCV statistical approach [65] has the
advantage of taking into account several validated data
related to both within-subject biological variation and
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analytical imprecision of some hs-Tnl and hs-cTnT
methods [58, 59, 77, 79-83, 107-113]. Furthermore, in the
study by Clerico A et al. [77] for the calculation of RCV the
analytical imprecision in some plasma samples with values
of biomarker concentration below of the 99th percentile
values were also taken into account. These samples were
measured with an analytical imprecision >10% CV (i.e., the
analytical imprecision recommended by international
guidelines for the measurement of the 99th percentile URL
value of hs-cTnl and hs-cTnT methods) [49, 67]. Therefore,
it is conceivable that in patients with MINS, with at least
one biomarker value >99th percentile URL of the hs-cTnl
and hs-cTnt method, the calculated RCV concentrations
may be lower than 32% and so more closed to the value
of 20% suggested by the Scientific Statement from
the American Heart Association [93]. In particular, the
mean analytical imprecision of some hs-cTnl and hs-cTnT
methods for biomarker values above the 99th percentile
URL are about 5% CV with RCV ranging from 26.0 to 28.4 for
measured biomarker concentrations of about 40 ng/L [77].
Accordingly, the estimated RCV percentage value for the
most popular hs-cTn methods becomes comparable with
the cut-off of 20% value suggested by the Scientific State-
ment from the American Association [93] for variations in
biomarker levels =99th percentile URL value.

With the aim to promote an accurate and mostly an
early diagnosis of MINS, the Authors strongly support the
recommendation, also suggested by Scientific Statement
from the American Heart Association [93], to always
perform a pre-operative baseline biomarker measurement
using the same method (preferably using hs-cTnl or hs-
cTnT assay), that will be used for further measurements
during and/or after surgery (within 48-72 h), especially in
patients at high clinical risk for cardiovascular events
(such as adults =65 years or age or adults 245 years of age
with established coronary or peripheral atherosclerotic
cardiovascular disease). In fact, the variation of biomarker
values measured before and during (or post) surgery can be
used for an early detection of MINS.

Cardiovascular risk estimation

Several studies reported that peri-operative cardiovascular
risk estimation by means of cTnl and cTnT assay can identify
patients who require more intensive monitoring and man-
agement in the post-operative period [5, 6, 8, 31, 93]. How-
ever, the accurate estimation of cardiovascular risk in
patients undergoing non-cardiac surgery is greatly limited by
different demographic characteristics and clinical conditions
of patients, by type of non-cardiac surgery, and also by
different cut-off values related to contemporary or high-
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sensitivity cTnl and cTnT methods used in clinical studies. In
particular, Devereaux PJ et al. [6] reported that using the
fourth-generation cTnT method a threshold >30 ng/L was also
associated with an adverse prognosis in a very large pro-
spective study including 15,133 patients aged 45 years and
older and required at least an overnight hospital admission
after having non-cardiac surgery. The results of Vision study
[31] indicated that among patients undergoing non-cardiac
surgery, using serial measurement of biomarker, a post-
operative peak of hs-TnT =5 ng/L during the first 3 days after
surgery was significantly associated with 30-day mortality
(adjusted HR=4.69; 95% CI 3.65—6.25).

The Scientific Statement from the American Heart As-
sociation [93] reports that a pre-operative cardiovascular
risk assessment can identify patients with an increased risk
to develop MINS. In particular, this document recommends
specific prognostic cut-off values for MINS only for cTnT
assay [93]. In particular, some cut-off values were recom-
mended: for the cTnT four generation method a cut-off
value >30 ng/L; for the hs-cTnT method a cut-off value 20—
<65 ng/L with an absolute change of =5 ng/L, or any
elevation =65 ng/L, or any absolute change >14 ng/L [93].

Due to the lack of data for high-sensitivity cTnl assays,
the Scientific Statement from the American Association
[93] suggests that the use of an absolute increase of >99th
percentile URL value for the hs-cTnl assay may be
reasonable for risk estimation in patients undergoing ma-
jor noncardiac surgery.

Future perspectives

Further clinical studies are needed to define if a strategy
based on the measure of cardiac-specific biomarkers before
surgery significantly improves both patient outcomes and
cost/benefit ratio. Another important question is if the
combined measure of both cardiac-specific biomarkers
adds significant information to the measurement of a sin-
gle biomarker (BNP/NT-proBNP or hs-cTn). Importantly,
hs-cTn can be considered an ideal cardiac biomarker
because of its specificity, relatively low-cost and the pos-
sibility to obtain results though an automated platform
within 20-30 min [45, 48, 50, 58—60] (Table 1). Some point-
of-care (POCT) methods recently introduced on the market
can measure hs-cTnl using just a blood drop with similar
analytical performance than assays for hs-cTnl using
completely automated platforms [114, 115]. Therefore, these
new POCT hs-cTnl methods can allow a more rapid diag-
nosis of myocardial damage at the bedside of the patient, in
the outpatient clinic, in intensive care units or in the sur-
gery room [114, 115].
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Conclusions

Several recent studies have demonstrated the clinical
relevance of the measure of cardiac-specific biomarkers to
evaluate the cardiovascular risk before major non-cardiac
surgery, particularly for the identification of MINS through
hs-cTn assays. The Authors believe that BNP/NT-proBNP
and hs-cTn should be measured in all patients during the
clinical evaluation before surgery, particularly during in-
termediate- or high-risk surgery, in patients aged >65 years
and/or with comorbidities. Several questions remain to be
assessed in dedicated clinical studies, such as how to
optimize the management of patients with raised cardiac
specific biomarkers before surgery, and whether a strategy
based on biomarker measurement improves patient out-
comes and is cost-effective.

Final recommendations

—  The prognostic information from the measurement of
cardiac-specific biomarkers is independent and com-
plementary to other important indicators of cardiac
risk, such as ECG and imaging findings, in patients
undergoing non-cardiac surgery.

— Elevated values of both cardiac-specific biomarkers
(BNP/NT-proBNP and hs-cTn) before surgery are
associated with a markedly higher risk of MINS in the
peri-operative period.

— Elevated values of cardiac-specific biomarkers before
surgery should suggest the need for a pathophysiolog-
ical and clinical evaluation of the condition responsible
for cardiac dysfunction and myocardial damage.

— Changes in hs-cTn values during the peri-operative
period should be evaluated according to the recom-
mendations made by the Scientific Statement from the
American Heart Association for the diagnosis of MINS
and cardiovascular risk evaluation [93].

—  The Authors suggest that hs-cTn should be measured
before major non-cardiac surgery, especially in patients
at high clinical risk for cardiovascular events (such as
adults =65 years of age or adults =45 years of age with
established coronary or peripheral atherosclerotic car-
diovascular diseaase), because the pre-operative mea-
surement of biomarker should allow a more accurate
and earlier diagnosis of MINS during or after surgery.

- Among patients with a pre-operative or initial post-
operative hs-cTn value exceeding the 99th percentile
URL value, myocardial injury should considered acute
when there is a >20% rise or fall in a subsequent hs-cTn
concentration, suggesting the diagnosis of MINS [93].



1538 —— Clerico et al.: Cardiovascular risk in major non-cardiac surgery

Research funding: None declared.

Author

contributions: All authors have accepted

responsibility for the entire content of this manuscript
and approved its submission.

Competing interests: Authors state no conflict of interest.
Informed consent: Not applicable.

Ethical approval: The Scientific Societies Review Board
deemed the study exempt from review.

References

10.

11.

. Priebe HJ. Peri-operative myocardial infarction: aetiology and

prevention. Br | Anaesth 2005;95:3-19.

. Devereaux PJ, Goldman L, Cook D}, Gilbert K, Leslie K, Guyatt GH.

Perioperative cardiac events in patients undergoing noncardiac
surgery: a review of the magnitude of the problem, the
pathophysiology of the events and methods to estimate and
communicate risk. Can Med Assoc | 2005;173:627-34.

. Struthers A, Lang C. The potential to improve primary prevention

in the future by using BNP/N-BNP as an indicator of silent
‘pancardiac’ target organ damage: BNP/N-BNP could become for
the heart what microalbuminuria is for the kidney. Eur Heart |
2007;28:1678-82.

. Poldermans D, Hoeks SE, Feringa HH. Pre-operative risk

assessment and risk reduction before surgery. ] Am Coll Cardiol
2008;51:1913-24.

. Poldermans D, Bax JJ, Boersma E, De Hert S, Eeckhout E,

Fowkes G, et al. Task force for preoperative cardiac risk
assessment and perioperative cardiac management in non-
cardiac surgery; European Society of Cardiology (ESC).
Guidelines for pre-operative cardiac risk assessment and
perioperative cardiac management in non-cardiac surgery. Eur
Heart ) 2009;30:2769-812.

. Devereaux PJ, Chan MT, Alonso-Coello P, Walsh M, Berwanger O,

Villar )C, et al. Association between postoperative troponin
levels and 30-day mortality among patients undergoing
noncardiac surgery. ] Am Med Assoc 2012;307:2295-304.

. Grobben RB, Van Klei WA, Grobbee DE, Nathoe HM. The

aetiology of myocardial injury after non-cardiac surgery. Neth
Heart ) 2013;21:380-8.

. Kristensen SD, Knuuti J, Saraste A, Anker S, Botker HE, Hert SD, et al.

2014 ESC/ESA guidelines on non-cardiac surgery: cardiovascular
assessment and management: the Joint Task Force on non-cardiac
surgery: cardiovascular assessment and management of the
European Society of Cardiology (ESC) and the European Society of
Anaesthesiology (ESA). Eur Heart ) 2014;35:2383-431.

. Karakas M, Koenig W. Improved peri-operative risk stratification

in non-cardiac surgery: going beyond established clinical
scores. Eur Heart ] 2013;34:796-8.

Clerico A, Emdin M, Passino C. Cardiac biomarkers and risk
assessment in patients undergoing major non-cardiac surgery:
time to revise the guidelines? Clin Chem Lab Med 2014;52:
959-63.

Kalesan B, Nicewarner H, Intwala S, Leung C, Balady GJ. Pre-
operative stress testing in the evaluation of patients undergoing
non-cardiac surgery: a systematic review and meta-analysis.
PLoS One 2019;14:e0219145.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

DE GRUYTER

Cao D, Chandiramani R, Capodanno D, Berger JS, Levin MA,
Hawn MT, et al. Non-cardiac surgery in patients with coronary
artery disease: risk evaluation and periprocedural management.
Nat Rev Cardiol 2021;18:37-57.

Duceppe E, Parlow J, MacDonald P, Lyons K, McMullen M,
Srinathan S, et al. Canadian Cardiovascular Society guidelines
on perioperative cardiac risk assessment and management for
patients who undergo noncardiac surgery. Can ] Cardiol 2017;
33:17-32.

Karthikeyan G, Moncur RA, Levine O, Heels-Ansdell D, Chan MT,
Alonso-Coello P, et al. Is a pre-operative brain natriuretic
peptide or N-terminal pro-B-type natriuretic peptide
measurement an independent predictor of adverse
cardiovascular outcomes within 30 days of noncardiac surgery?
A systematic review and meta-analysis of observational studies.
J Am Coll Cardiol 2009;54:1599-606.

Oscarsson A, Fredrikson M, Sorliden M, Anskdr S, Gupta A,
Swahn E, et al. Predictors of cardiac events in high-risk patients
undergoing emergency surgery. Acta Anaesthesiol Scand 2009;
53:986-94.

Ryding AD, Kumar S, Worthington AM, Burgess D. Prognostic
value of brain natriuretic peptide in noncardiac surgery: a meta-
analysis. Anesthesiology 2009;111:311-9.

Rodseth RN, Padayachee L, Biccard BM. A meta-analysis of the
utility of pre-operative brain natriuretic peptide in predicting
early and intermediate-term mortality and major adverse
cardiac events in vascular surgical patients. Anaesthesia 2008;
63:1226-33.

Biccard BM, Lurati Buse GA, Burkhart C, Cuthbertson BH,
Filipovic M, et al. The influence of clinical risk factors on pre-
operative B-type natriuretic peptide risk stratification of
vascular surgical patient. Anaesthesia 2012;67:55-9.

Beattie WS, Wijeysundera DN. Perioperative cardiac biomarkers:
the utility and timing. Curr Opin Crit Care 2013;19:334-41.
Rodseth RN, Biccard BM, Le Manach Y, Sessler DI,

Lurati Buse GA, Thabane L, et al. The prognostic value of pre-
operative and post-operative B-type natriuretic peptides in
patients undergoing noncardiac surgery: B-type natriuretic
peptide and N-terminal fragment of pro-B-type natriuretic
peptide: a systematic review and individual patient data meta-
analysis. ] Am Coll Cardiol 2014;63:170-80.

Young YR, Sheu BF, Li WC, Hsieh TM, Hung CW, Cheng SS, et al.
Predictive value of plasma brain natriuretic peptide for
postoperative cardiac complications; a systemic review and
meta-analysis. ) Crit Care 2014;29:696.e1-10.

Domanski MJ, Mahaffey K, Hasselblad V, Brener SJ, Smith PK,
Hillis G, et al. Association of myocardial enzyme elevation and
survival following coronary artery bypass graft surgery. ] Am
Med Assoc 2011;305:585-91.

Borges FK, Devereaux PJ. Physicians should obtain perioperative
cardiac toponin measurements in at-risk patients undergoing
noncardiac surgery. Clin Chem 2021;67:50-3.

Borges FK, Furtado MV, Rossini AP, Bertoluci C, Gonzalez VL,
Bertoldi EG, et al. Clinical use of ultrasensitive cardiac troponin |
assay in intermediate- and high-risk surgery patients. Dis
Markewrs 2013;35:945-53.

Braga JR, Tu JV, Austin PC, Chong A, You JJ, Farkouh ME, et al.
Outcomes and care of patients with acute heart failure
syndromes and cardiac troponin elevation clinical perspective.
Circ Heart Fail 2013;6:193-202.



DE GRUYTER

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Weber M, Luchner A, Seeberger M, Mueller C, Liebetrau C,
Schlitt A, et al. Incremental value of high-sensitive troponin T in
addition to the revised cardiac index for peri-operative risk
stratification in non-cardiac surgery. Eur Heart ] 2013;34:
853-62.

Wolfgang CL. Role of fourth-generation troponin in predicting
mortality in noncardiac surgery. JAMA Surg 2013;148:12-3.
Botto F, Alonso-Coello P, Chan MT, Villar JC, Xavier D,
Srinathan S, et al. Myocardial injury after noncardiac surgery: a
large, international, prospective cohort study establishing
diagnostic criteria, characteristics, predictors, and 30-day
outcomes. Anesthesiology 2014;120:564-78.

Foucrier A, Rodseth R, Aissaoui M, Ibanes C, Goarin JP,
Landais P, et al. The long-term impact of early cardiovascular
therapy intensification for postoperative troponin elevation
after major vascular surgery. Anesth Analg 2014;119:1053-63.
Ekeloef S, Alamili M, Devereaux P), Gogenur I. Troponin
elevations after non-cardiac, non-vascular surgery are
predictive of major adverse cardiac events and mortality: a
systematic review and meta-analysis. Br ] Anaesth 2016;117:
559-68.

Devereaux PJ, Biccard BM, Sigamani A, Xavier D, Chan MTV,
Srinathan SK, Writing Committee for the VISION Study
Investigators, et al. Association of postoperative high-
sensitivity troponin levels with myocardial injury and 30-day
mortality among patients undergoing noncardiac surgery. | Am
Med Assoc 2017;317:1642-51.

Macfarlane Al, Rudd D, Knight E, Marshman LA, Guazzo EP,
Anderson DS. Prospective controlled cohort study of Troponin |
levels in patients undergoing elective spine surgery for
degenerative conditions: prone versus supine position. J Clin
Neurosci 2017;35:62-6.

Suzumura EA, Ribeiro RA, Kawano-Dourado L, de Barros E,
Silva PG, Oliveira C, et al. Effects of perioperative statin use on
cardiovascular complications in patients submitted to non-
cardiac surgery: protocol for a systematic review, meta-analysis,
and trial sequential analysis. Syst Rev 2017;6:116.

Goérka ), Polok K, Fronczek J, Gérka K, Kézka M, lwaszczuk P,
et al. Myocardial injury is more common than deep venous
thrombosis after vascular surgery and is associated with a high
one year mortality risk. Eur ] Vasc Endovasc Surg 2018;56:
264-70.

Humble CAS, Huang S, Jammer I, Bjork J, Chew MS. Prognostic
performance of preoperative cardiac troponin and perioperative
changes in cardiac troponin for the prediction of major adverse
cardiac events and mortality in noncardiac surgery: a systematic
review and meta-analysis. PLoS One 2019;14:€0215094.

Zhu H, Xu X, Fang X, Zheng |, Chen T, Huang J. Effects of
mitochondrial ATP-sensitive potassium channel activation
(nicorandil) in patients with angina pectoris undergoing elective
percutaneous coronary interventions: a meta-analysis of
randomized controlled trials. Medicine 2019;98:e14165.
Ackland GL, Abbott TEF, Jones TF, Leuwer M, Pearse RM,
VISION-UK Investigators. Early elevation in plasma high-
sensitivity troponin T and morbidity after elective noncardiac
surgery: prospective multicentre observational cohort study. Br)
Anaesth 2020;124:535-43.

Clerico et al.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

: Cardiovascular risk in major non-cardiac surgery =—— 1539

Caruana CB, Jackson SM, Khuong JN, Campbell R, Liu Z,
Ramson DM, et al. Systematic review and meta-analysis of
postoperative troponin as a predictor of mortality and major
adverse cardiac events after vascular surgery. J Vasc Surg 2020;
72:1132-43.

Lowe M|, Lighfoot NJ. The prognostic implication of
perioperative cardiac enzyme elevation in patients with
fractured neck of femur: a systematic review and meta-analysis.
Injury 2020;51:164-73.

Costa MCDBG, Furtado MV, Borges FK, Ziegelmann PK,
Suzumura EA, Berwanger O, et al. Perioperative troponin
screening identifies patients at higher risk for major
cardiovascular events in noncardiac surgery. Curr Probl Cardiol
2021;46:1000429.

Serrano AB, Gomez-Rojo M, Ureta E, Nufiez M, Fernandez Félix B,
Velasco E, et al. Preoperative clinical model to predict
myocardial injury after non-cardiac surgery: a retrospective
analysis from the MANAGE cohort in a Spanish hospital. BMJ
Open 2021;11:e045052.

Vasireddi SK, Pivato E, Soltero-Mariscal E, Chava R, James LO,
Gunzler D, et al. Postoperative myocardial injury in patients
classified as low risk preoperatively is associated with a
particularly increased risk of long-term mortality after
noncardiac surgery. ] Am Heart Assoc 2021;10:e019379.
Vittorini S, Clerico A. Cardiovascular biomarkers: increasing
impact of laboratory medicine in cardiology practice. Clin Chem
Lab Med 2008;46:748-63.

Perrone MA, Zaninotto M, Masotti S, Musetti V, Padoan A,
Prontera C, et al. The combined measurement of high-sensitivity
cardiac troponins and natriuretic peptides: a useful tool for
clinicians? ) Cardiovasc Med 2020;21:953-63.

Perrone MA, Storti S, Salvadori S, Pecori A, Bernardini S,
Romeo F, et al. Cardiac troponins: are there any differences
between T and I? ] Cardiovasc Med 2021;22:797-805.

Emdin M, Passino C, Prontera C, Fontana M, Poletti R, Gabutti A,
et al. Comparison of brain natriuretic peptide (BNP) and
aminoterminal ProBNP for early diagnosis of heart failure. Clin
Chem 2007;53:1289-97.

McDonagh TA, Metra M, Adamo M, Gardner RS, Baumbach A,
Bohm M, ESC Scientific Document Group, et al. 2021 ESC
Guidelines for the diagnosis and treatment of acute and chronic
heart failure. Eur Heart ) 2021;42:3599-726.

Clerico A, Giannoni A, Prontera T, Giovannini S. High-sensitivity
troponin: a new tool for pathophysiological investigation and
clinical practice. Adv Clin Chem 2009;49:1-30.

Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA,
et al. Fourth universal definition of myocardal infarction. ] Am
Coll Cardiol 2018;72:2231-64.

Passino C, Aimo A, Masotti S, Musetti V, Prontera C, Emdin M,
et al. Cardiac troponins as biomarkers for cardiac disease.
Biomarkers Med 2019;13:325-30.

Clerico A, Giannoni A, Vittorini S, Passino C. Thirty years of the
heart as an endocrine organ: physiological role and clinical
utility of cardiac natriuretic hormones. Am J Physiol Heart Circ
Physiol 2011;301:H12-20.

Cordey J, Schneider M, Buhler M. The epidemiology of fractures
of the proximal femur. Injury 2000;31(Suppl 3):C56-61.



1540 —— Clerico et al.: Cardiovascular risk in major non-cardiac surgery

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

van der Meer P, Gaggin HK, Dec GW. ACC/AHA versus ESC
guidelines on heart failure: JACC guideline comparison. ] Am Coll
Cardiol 2019;73:2756-68.

Johnell O, Kanis JA. An estimate of the worldwide prevalence and
disability associated with osteoporotic fractures. Osteoporos
Int 2006;17:1726-33.

Hlatky MA, Greenland P, Arnett DK, Ballantyne CM, Criqui MH,
Elkind MS, et al. Criteria for evaluation of novel markers of
cardiovascular risk: a scientific statement from the American
Heart Association. Ciruculation 2009;119:2408-18.

Wang T). Assessing the role of circulating, genetic, and imaging
biomarkers in cardiovascular risk prediction. Circulation 2011;
123:551-65.

Braunwald E. Heart failure. | Ac Coll Cardiol Heart Fail 2013;
1:1-20.

Clerico A, Zaninotto M, Padoan A, Masotti S, Musetti V,
Prontera C, et al. Evaluation of analytical performance of
immunoassay methods for cTnl and cTnT: from theory to
practice. Adv Clin Chem 2019;93:239-62.

Clerico A, Zaninotto M, Passino C, Padoan A, Migliardi M,
Plebani M. High-sensitivity methods for cardiac troponins: the
mission is not over yet. Adv Clin Chem 2021;103:215-52.
Clerico A, Passino C, Franzini M, Emdin M. Cardiac biomarker
testing in the clinical laboratory: where do we stand? General
overview of the methodology with special emphasis on
natriuretic peptides. Clin Chim Acta 2015;443:17-24.

Emdin M, Aimo A, Vergaro G, Pastormerlo LE, Clerico A.
Natriuretic peptides. D’oll venons-nous? Que sommes-nous? Ol
allons-nous? Int J Cardiol 2018;254:256-7.

Pastormerlo LE, Maffei S, Latta DD, Chubuchny V, Susini C, Berti S,
et al. N-terminal prob-type natriuretic peptide is a marker of
vascular remodelling and subclinical atherosclerosis in
asymptomatic hypertensives. Eur J Prev Cardiol 2016;23:366-76.
Schaub JA, Coca SG, Moledina DG, Gentry M, Testani |M,
Parikh CR. Amino-terminal pro-B-type natriuretic peptide for
diagnosis and prognosis in patients with renal dyfunction: a
systematic review and meta-analysis. ] Am Coll Cardiol Heart Fail
2015;3:977-89.

Clerico A, Zucchelli GC, Pilo A, Passino C, Emdin M. Clinical
relevance of biological variation: the lesson of brain natriuretic
peptide (BNP) and NT-proBNP assay. Clin Chem Lab Med 2006;
44:366-78.

Fraser CG. Reference change values. Clin Chem Lab Med 2011;
50:807-12.

Clerico A, Zaninotto M, Prontera C, Giovannini S, Ndreu R,
Franzini M, et al. State of the art of BNP and NT-proBNP
immunoassays: the CardioOrmoCheck study. Clin Chim Acta
2012;414:112-9.

Wu AHB, Christenson RH, Greene DN, Jaffe AS, Kavsak PA,
Ordonez-Lianos J, et al. Clinical laboratory practice
recommendations for the use of cardiac troponin in acute
coronary syndrome: expert opinion from the academy of the
American association for clinical Chemistry and the Task force
on Clinical Applications of Cardiac Bio-Markers of the
International Federation of Clinical Chemistry and Laboratory
Medicine. Clin Chem 2018;64:645-55.

Collet JP, Thiele H, Barbato E, Barthélémy O, Bauersachs |,
Bhatt DL, et al. The Task Force for the management of acute

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

DE GRUYTER

coronary syndromes in patients presenting without persistent
ST-segment elevation of the European Society of Cardiology
(ESC). 2020 ESC Guidelines for the management of acute
coronary syndromes in patients presenting without persistent
ST-segment elevation. Eur Heart ] 2021;42:1289-387.

Apple FS, Collinson PO, Kavsak PA, Body R, Ordéiiez-Llanos J,
Saenger AK, et al. The IFCC Clinical Application of Cardiac
Biomarkers Committee’s Appraisal of the 2020 ESC Guidelines
for the management of acute coronary syndromes in patients
presenting without persistent ST-segment elevation: getting
cardiac troponin right. Clin Chem 2021;67:730-5.

NICE. High-sensitivity troponin tests for the early rule out of
NSTEMI. Diagnostics guidance. Published 26 August 2021.
Available from: www.nice.org.uk/guidance/.

Bergmann O, Zdunek S, Felker A, Salhpoor M, Alkass K,
Bernard S, et al. Dynamics of cell generation and turnover in the
human heart. Cell 2015;161:1566-75.

Marjot J, Kaier TE, Martin ED, Reji SS, Copeland O, Igbal M, et al.
Quantifying the release of biomarkers of myocardial necrosis
from cardiac myocytes and intact myocardium. Clin Chem 2017;
63:990-6.

Mair), Lindahl B, Hammarsten O, Miiller C, Giannitsis E, Huber K,
et al. How is cardiac troponin released from injured
myocardium? Eur Heart ] Acute Cardiovasc Care 2018;6:553-60.
Sandoval Y, Apple FS. The global need to define normality: the
99th percentile value of cardiac troponin. Clin Chem 2014;60:
455-62.

Apple FS, SandovalY, Jaffe AS, Ordédiiez-Llanos J, IFCC Task Force
on Clinical Application of Cardiac Bio-Markers. Cardiac troponin
assays: guide to understanding analytical characteristics and
their impact on clinical care. Clin Chem 2017;63:73-81.

Clerico A, Zaninotto M, Ripoli M, Masotti S, Prontera C,
Passino C, et al. The 99'" percentile of reference population for
cTnl and cTnT assay: methodology, pathophysiology, and
clinical implications. Clin Chem Lab Med 2017;55:1634-51.
Clerico A, Padoan A, Zaninotto M, Passino C, Plebani M. Clinical
relevance of biological variation of cardiac troponins. Clin Chem
Lab Med 2021;59:641-52.

Franzini M, Lorenzoni V, Masotti S, Prontera C, Chiappino D,
Della Latta D, et al. The calculation of the cardiac troponin T99th
percentile of the reference population is affected by age, gender,
and population selection: a multicenter study in Italy. Clin Chim
Acta 2015;438:376-81.

Clerico A, Ripoli A, Zaninotto M, Masotti S, Musetti V, Ciaccio M,
et al. Head-to-head comparison of plasma cTnl concentration
values measured with three high-sensitivity methods in a large
Italian population of healthy volunteers and patients admitted
to emergency department with acute coronary syndrome: a
multi-center study. Clin Chim Acta 2019;496:25-34.

Ndreu R, Musetti V, Masotti S, Zaninotto M, Prontera C,
Zucchelli GC, et al. Evaluation of the cTnT immunoassay using
quality control samples. Clin Chim Acta 2019;495:269-70.
Masotti S, Prontera C, Musetti V, Storti S, Ndreu R, Zucchelli GC,
et al. Evaluation of analytical performance of a new high-
sensitivity immunoassay for cardiac troponin I. Clin Chem Lab
Med 2018;56:492-501.

Masotti S, Musetti V, Prontera C, Storti S, Passino C, Clerico A.
Evaluation and comparison with other high-sensitivity methods


http://www.nice.org.uk/guidance/

DE GRUYTER

83.

84.

85.

86.

87.

88.

89.

90.

91

92.

93.

94.

95.

96.

of analytical performance and measured values of a new
laboratory test for cardiac troponin | assay. Clin Chem Lab Med
2018;56:e174—6.

Musetti V, Masotti S, Prontera C, Storti S, Ndreu R, Zucchelli GC,
et al. Evaluation of the analytical performance of a new ADVIA
immunoassay using the Centaur XPT platform system for the
measurement of cardiac troponin I. Clin Chem Lab Med 2018;56:
e229-231.

Clerico A, Zaninotto M, Passino C, Aspromonte N, Piepoli MF,
Migliardi M, et al. Evidence on clinical relevance of
cardiovascular risk evaluation in the general population using
cardio-specific biomarkers. Clin Chem Lab Med 2021;59:79-90.
Farmakis D, Mueller C, Apple FS. High-sensitivity cardiac
troponin assays for cardiovascular risk stratification in the
general population. Eur Heart ] 2020;41:4050-6.

du Fay de Lavallaz ), Badertscher P, Nestelberger T,
Zimmermann T, Mird O, Salgado E, et al. B-type natriuretic
peptides and cardiac troponins for diagnosis and risk-
stratification of syncope. Circulation 2019;139:2403-18.

Moon YJ, Kwon HM, Jung KW, Kim KS, Shin W), Jun IG, et al.
Preoperative high-sensitivity troponin | and B-type natriuretic
peptide, alone and in combination, for risk stratification of
mortality after liver transplantation. Korean ) Anesthesiol 2021;
74:242-53.

Kler A, Dave M, Blatatzis M, Satyadas T. Elevation of high-
sensitive Troponin T predicts mortality after open
pancreaticoduodenectomy. World | Surg 2021;45:1913-20.

Lee S, Allen AJH, Morley E, Swart P, Henderson W, Jen R, et al.
Perioperative myocardial injury risk after elective knee and hip
arthroplasty in patients with a high risk of obstructive sleep
apnea. Sleep Breath 2021;25:513-5.

Sousa J, Rocha-Neves J, Oliveira-Pinto J, Mansilha A. Myocardial
injury after non-cardiac surgery (MINS) in EVAR patients: a
retrospective single-centered study. ) Cardiovasc Sur (Torino)
2021;62:130-5.

Turan A, Cohen B, Rivas E, Liu L, Pu X, Maheshwari K, et al.
Association between postoperative haemoglobin and
myocardial injury after noncardiac surgery: a retrospective
cohort analysis. Br ] Anaesth 2021;126:94-101.

Spence J, LeManach Y, Chan MTV, Wang CY, Sigamani A,
Xavier D, Vascular events in noncardiac surgery patients cohort
evaluation (VISION) study investigators, et al. Association
between complications and death within 30 days after
noncardiac surgery. CMA) 2019;191:E830-7.

Ruetzler K, Smilowitz NR, Berger ]S, Devereaux PJ, Maron BA,
Newby LK, et al. Diagnosis and management of patients with
myocardial injury after noncardiac surgery: a scientific
statement from the American Heart Association. Circulation
2021;144:e287-305.

Pearse RM, Moreno RP, Bauer P, et al. Mortality after surgery in
Europe: a 7-day cohort study. Lancet 2012;380:1059-65.

Aimo A, Georgiopoulos G, Panichella G, Vergaro G, Passino C,
Emdin M, et al. High-sensitivity troponins for outcome prediction
in the general population: a systematic review and meta-analysis.
Eur Int Med 2022;50953-6205(22)00012-7. https://doi.org/10.
1016/j.€jim.2022.01.012 [Epub ahead of print].

Emdin M, Clerico A, Clemenza F, Galvani M, Latini R, Masson S,
et al. Recommendations for the clinical use of cardiac natriuretic
peptides. Ital Heart ) 2005;6:430-46.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

Clerico et al.: Cardiovascular risk in major non-cardiac surgery —— 1541

Hammill BG, Curtis LH, Bennett-Guerrero E, O’Connor CM,
Jollis )G, Schulman KA, et al. Impact of heart failure on patients
undergoing major noncardiac surgery. Anesthesiology 2008;
108:559-67.

Upshaw ], Kiernan MS. Pre-operative cardiac risk assessment for
noncardiac surgery in patients with heart failure. Curr Heart Fail
Rep 2013;10:147-56.

Kazmers A, Cerqueira MD, Zierler RE. Peri-operative and late
outcome in patients with left ventricular ejection fraction of 35%
or less who require major vascular surgery. ] Vasc Surg 1988;8:
307-15.

Rajagopalan S, Croal BL, Reeve J, Bachoo P, Brittenden ).
N-terminal pro-B-type natriuretic peptide is an independent
predictor of all-cause mortality and MACE after major vascular
surgery in medium-term follow-up. Eur | Vasc Endovasc Surg
2011;41:657-62.

Clerico A, Zaninotto M, Passino C, Plebani M. New issues on
measurement of B-type natriuretic peptides. Clin Chem Lab Med
2018;56:32-9.

Aimo A, Vergaro G, Passino C, Clerico A. Evaluation of
pathophysiological relationships between renin-angiotensin
and ACE-ACE2 systems in cardiovascular disorders: from theory
to routine clinical practice in patients with heart failure. Crit Rev
Clin Lab Sci 2021;58:530-45.

Toufektzian L, Zisis C, Balaka C, Roussakis A. Effectiveness of
brain natriuretic peptide in predicting postoperative atrial
fibrillation in patients undergoing non-cardiac thoracic surgery.
Interact Cardiovasc Thorac Surg 2015;20:654-7.

Davidson KW, Barry MJ, Mangione CM, Cabana M, Caughey AB,
Davis EM, US preventive Services Task Force, et al. Screening for
atrial fibrillation: US preventive Services Task Force
recommendation statement. JAMA 2022;327:360-7.

Chang KW, Hsu JC, Toomu A, Fox S, Maisel AS. Using biomarkers
to guide heart failure management. Expert Rev Cardiovasc Ther
2017;15:729-41.

Clerico A, Zaninotto M, Aimo A, Dittadi R, Cosseddu D,

Perrone M, et al. Use of high-sensitivity cardiac troponins in the
emergency department for the early rule-in and rule-out of acute
myocardial infarction without persistent ST-segment elevation
(NSTEMI) in Italy. Clin Chem Lab Med 2021;60:169-82.

Lan NSR, Bell DA. Revisiting the biological variability of cardiac
troponin: implications for clinical practice. Clin Biochem Rev
2019;40:201-16.

Aakre KM, Rgraas T, Petersen PH, Svarstad E, Sellevoll H,
Skadberg @, et al. Weekly and 90-minute biological variations in
cardiac troponin T and cardiac troponin | in hemodialysis
patients and healthy controls. Clin Chem 2014;60:838-47.
van der Linden N, Hilderink JM, Cornelis T, Kimenai DM,
Kinkenberg KJJ, van Doom WP, et al. Twenty-four-hour
biological variation profiles of cardiac troponin | in individuals
with or without chronic kidney disease. Clin Chem 2017;63:
1655-6.

Fournier S, Iten L, Marques-Vidal P, Boulat O, Bardy D,

Beggah AR, et al. Circadian rhythm of blood cardiac troponin T
concentration. Clin Res Cardiol 2017;106:1026-32.

Meijers WC, van der Velde AR, Muller Kobold AC, Dijck-Brouwer ),
Wu AH, Jaffe A, et al. Variability of biomarkers in patients with
chronic heart failure and healthy controls. Eur ] Heart Fail 2017;
19:357-65.


https://doi.org/10.1016/j.ejim.2022.01.012
https://doi.org/10.1016/j.ejim.2022.01.012

1542 —— Clerico et al.: Cardiovascular risk in major non-cardiac surgery DE GRUYTER

112. Zaninotto M, Padoan A, Mion MM, Marinova M, Plebani M. Short- 114. Collinson PO, Saenger AK, Apple FS, IFCC C-CB. High sensitivity,

term biological variation and diurnal rhythm of cardiac troponin | contemporary and point-of-care cardiac troponin assays:

(Access hs-Tnl) in healthy subjects. Clin Chim Acta 2020;504:163-7. educational aids developed by the IFCC Committee on Clinical
113. Tager T, Giannitsis E, Greve K, Frohlich H, Miiller-Hennessen M, Application of Cardiac Bio-Markers. Clin Chem Lab Med 2019;57:

et al. Long-term biological variation of high-sensitivity cardiac 623-32.

troponin T using minimal important differences and reference 115. Clerico A, Zaninotto M, Plebani M. High-sensitivity assay for

change values in stable outpatients with cardiovascular cardiac troponins with POCT methods. The future is soon. Clin

disease. Clin Biochem 2029;67:7-11. Chem Lab Med 2021;59:1477-8.



	Evaluation of the cardiovascular risk in patients undergoing major non-cardiac surgery: role of cardiac-specific biomarkers ...
	Introduction
	Evaluation of the cardiovascular risk through the use of cardiac biomarkers in patients undergoing non-cardiac surgery
	Take-home messages
	Analytical and pathophysiological considerations on cardiac-specific biomarkers
	Assay methods of cardiac natriuretic peptides (BNP and NT-proBNP)
	Assay methods for cTnI and cTnT
	Combined measurement of BNP/NT-proBNP and hs-cTn

	Take-home messages
	Assessment of myocardial injury in patients undergoing major non-cardiac surgery
	Clinical considerations on the measure of cardiac-specific biomarkers in patients undergoing major non-cardiac surgery
	Clinical relevance of the measurement of biomarkers before surgery
	Effects of cardiac-protective drugs
	Chronic heart failure
	Cardiac arrhythmias

	Take-home messages
	Analytical and clinical issues related to the measurement of cTnI and cTnT in patients undergoing major non-cardiac surgery.
	Diagnosis of MINS
	Cardiovascular risk estimation


	Future perspectives
	Conclusions
	Final recommendations
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


