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Myocardial injury after noncardiac surgery: an
underappreciated problem and current challenges
Eckhard Mauermann a, Christian Puelacher b, and Giovanna Lurati Buse a

Purpose of review
To review myocardial injury after noncardiac surgery (MINS), focusing on recent studies, including data on
high-sensitivity troponin, which is likely to alter our understanding of MINS.
Recent findings
MINS is greatly underappreciated by clinicians, possibly because of its silent presentation. However, MINS
is both common and clinically important. In total, 8% of at-risk patients will suffer a MINS, an event that is
associated with death within 30 days with an odds ratio of 3.87 (95% CI 2.96–5.08). Most patients
suffering MINS do not fulfill the criteria for perioperative myocardial infarction as they are asymptomatic.
Consequently, postoperative troponin measurement is imperative for MINS detection. Evidence from
randomized trials on how to prevent or how to treat MINS is still lacking.
Summary
Currently, we are limited to appreciating the vast extent of the MINS problem and applying
recommendations based on observational data or derived from the nonoperative setting. Routine troponin
measurements after noncardiac surgery and the increasing use of high-sensitivity troponins have revealed
the larger underwater iceberg of perioperative myocardial injury and ischemia. Clinicians should be
sensitized for this important complication and search for it using a perioperative troponin screening.
Keywords
myocardial injury after noncardiac surgery, outcomes, perioperative complications, troponin

INTRODUCTION

&

Cardiac death is the leading cause of postoperative
death within the first 30 postoperative days [1 ] and
perioperative cardiovascular events are the leading
cause of mortality and morbidity in noncardiac
surgery [2–5]. However, because of troponins and
especially high-sensitivity troponins, we are just
beginning to realize the extent of myocardial damage and its serious impact on not only long term, but
especially 30-day mortality. It is estimated that of
the over 200 million annual surgeries worldwide [6]
approximately 100 million involve patients over 45
years of age and at-risk for myocardial infarction of
injury [7 ]. Of these, we generally appreciate 1.1
million (1.1%) as patients suffering a perioperative
myocardial infarction because they have ischemic
symptoms, whereas another 2.2 million (2.2%) have
asymptomatic myocardial infarction and 4.6
million (4.6%) have myocardial injury [1 ,4,7 ].
The 30-day mortality in these three groups is 9.7,
12.5, and 7.8%, that is, annually over 750 000 deaths
within 30 days of noncardiac surgery result from
myocardial ischemia [1 ,4,7 ]. Despite increasing
&

attention in recent literature [7 ,8], the burden of
myocardial injury after noncardiac surgery (MINS) is
still underappreciated by clinicians.

TEXT OF REVIEW
With the advent of cardiac troponins a new age of
assessing cardiac injury began. Troponin is a cardiac
protein comprising three subunits (C, I, and T) and
facilitates muscle contraction through the sliding of
actin and myosin filaments. The cardiac isoform of
the I and T subunits are specific to cardiac muscle
and as such have become a mainstay in identifying
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higher negative predictive value for acute myocardial infarction [24 ].

KEY POINTS

&

 Clinicians greatly underappreciate the significance of
MINS and its association with 30-day mortality.

EVIDENCE ON THE PROGNOSTIC IMPACT
OF MYOCARDIAL INJURY AFTER
NONCARDIAC SURGERY

 Annually there are over 750 000 deaths within 30
days of noncardiac surgery resulting from
myocardial ischemia.

Several studies summarized in two meta-analyses
explored the association between elevated postoperative troponins and mortality. Levy and colleagues [21] examined 14 studies and 3139
patients. Troponin was associated with mortality
within 1 year of surgery [odds ratio (OR) 6.7; 95%
CI 4.1–10.9] as well as beyond 1 year (OR 1.8; 95%
CI 1.4–2.3). Redfern and colleagues [25] examined
1873 vascular patients in eight cohorts and found
isolated troponin elevation without myocardial
infarction (MI) to be associated with 30-day
mortality (OR 5.03; 95% CI 2.88–8.79). Within
the last few years, a number of large studies on
the topic have overcome the methodological issues
present in the meta-analyses, for example, the use of
various assays and cut-offs, and difficulties in proper
multivariable adjustment.
By far the largest prospective cohort is the Vascular Events In Noncardiac Surgery Patients Cohort
Evaluation Study (VISION) study [19], which
explored elevated postoperative Troponin T (TnT)
concentrations in the first 3 days after surgery in
over 15 000 patients and found even low-level TnT
concentrations to be predictive of 30-day mortality.
Specifically, a concentration of 0.02 ng/ml (far
below the cut-off of conventional TnT) had an
adjusted hazard rate (aHR) of 2.41 (95% CI 1.33–
3.77) compared with a concentration of 0.01 ng/ml
or less. Higher concentrations of 0.03–0.29 ng/ml
and >0.3 ng/ml had aHRs of 5.00 (95% CI 3.72 to
6.76) and 10.48 (95% CI 6.25–16.62), respectively.

 The majority of MINS and asymptomatic myocardial
infarction go unnoticed without routine troponin testing.
 The relative weight of mechanisms causing MINS is
likely to be shifted toward myocardial oxygen supply
and demand mismatch and away from coronary artery
plaque rupture and thrombosis.
 Until definitive preventive measures and treatments are
established, physicians should focus on reducing
perioperative myocardial oxygen mismatch and
ensuring optimal perioperative medication.

myocardial ischemia [9]. Furthermore, the extent of
troponin concentrations correlates with the size of
myocardial damage [10–12]. Figure 1 shows the
temporal release profile of cardiac biomarkers following ischemic damage [13] as well as a comparison of high-sensitivity vs fourth generational
troponin T [14]. Characteristics of high-sensitivity
troponin assays are improved diagnostic accuracy at
lower concentrations, which improve specification
of the 99th percentile (the upper limit of the norm)
and decrease the coefficient of variation at these
concentrations (Table 1) [15–21]. Increasingly,
high-sensitivity troponin assays are being used
and are recommended over conventional assays
[22,23]. Benefits include increased detection of both
type 1 and type 2 myocardial infarction, a shortened
troponin-blind interval to ischemia, as well as a
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FIGURE 1. (a) Cardiac biomarker release after acute myocardial infarction [13] and (b) comparison of high-sensitivity and
fourth-generational troponin T in percentage of patients above the 99th percentile of the norm (13.5 ng/l hs-cTnT; 0.03 mg/l)
[14]. Reprinted with permission from the Journal of the American College of Cardiology and the American Association for
Clinical Chemistry.
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Table 1. Common high-sensitivity troponin assays in comparison to previous assays
Assay and
troponin

LoD (ng/l)
[15,20]

99th percentile
(ng/l) [16,17,20]

10% CV threshold
(ng/l) [16,17,20]

VISION patients [21]
above cutoff

Roche, Elecsys

hs-cTnT

5

14

13

1757 (11.6%)

Roche, Elecsys

cTnT (4th generation)

10

10

35

1263 (8.3%)

Abbott, Architect

hs-cTnI

1.2

30

5.2

n/a

Abbott, Architect

cTnI

9

32

32

n/a

CV ¼ coefficient of variation; LoD ¼ Limit of Detection.

Mortality rates for 0.01, 0.02, 0.03–0.29 ng/ml, and
>0.3 ng/ml were 1.0, 4.0, 9.3, and 16.9% [19].
Higher peak TnT concentrations exhibited shorter
median time to death and nearly 75% of deaths were
in-hospital [19].
A nearly concurrently published retrospective
study examining administrative data of 51 701 inpatient, noncardiac surgery cases [26] found postoperative TnI to be associated with increasing
mortality [TnI: 0.2–0.7 ng/ml (OR 2.6, 95% CI
2.1–3.3); 0.7–7 ng/ml (OR 4.6, 95% CI 3.7–5.6);
and >7 ng/ml (OR 7.8, 95% CI 5.7–10.7)]. Additionally, routine testing showed a three-fold higher
detection rate of troponin elevation than testing
triggered by clinical suspicion. However, TnI screening was not useful in the lowest risk category with
one death in almost 19 000 patients.
In a prospective cohort study of 2232 elevatedrisk surgery patients aged at least 60 years, van Waes
and colleagues [27] also found higher (0.6 mg/l)
and lower TnI elevations (0.06–0.59 mg/l) to be
associated with higher relative risks (RR) than nonelevated troponin [RR 2.4, (95% CI 1.3–4.2) and RR
4.2 (95% CI 2.1–8.6), respectively].
In a secondary analysis of the above mentioned
VISION cohort, Botto and colleagues [1 ] sought to
determine the diagnostic criteria of MINS. MINS was
defined as the prognostically relevant myocardial
injury occurring within 30 days, presumably
because of ischemia, and with correction for confounding by other perioperative complications.
Eight percent of patients suffered MINS and
mortality was more common in patients with MINS
(9.8%) than without MINS (1.1%; P < 0.001). The
aHR for 30-day mortality was 3.87 (95% CI 2.96–
5.08) and the population-attributable risk was
34.0% (95% CI 26.6–41.5). As previously reported,
only a minority of MINS patients (41.8%) fulfilled
the criteria for myocardial infarction [1 ]. Of the
1263 patients with troponin T more than 0.03ng/
ml, the vast majority suffered MINS (1200, 95%),
and 87% did so within the first 2 postoperative days.
Additionally, patients suffering MINS were at higher
&

&

risk of nonfatal cardiac arrest, congestive heart failure, stroke, and also nonvascular causes of death.
Defining MINS has been a topic of debate and
has involved a break with traditional biomarker cutoffs, which generally implement the 99th percentile
of a reference population together with a coefficient
of variation of 10% or less [9]. However, this cut-off
is arbitrary and does not find the point at which risk
increases [19]. Furthermore, biomarker concentrations below the traditional cut-off may still flag
at-risk patients [1 ,19].
Presumably on the basis of the studies from the
VISION cohort [1 ,19], Jammer and colleagues have
defined MINS as an increase in conventional, 4th
generation troponin T at least 0.03 mg/l judged to be
due to of myocardial ischemia [28]. Unlike perioperative myocardial infarction (PMI), which requires
either ischemic symptoms or ECG changes in
addition to troponin elevations and which reflects
a necrosis of myocardium [29], MINS is a ‘presumably ischemic troponin elevation’; as such it may
cover a spectrum from reversible myocardial injury
to necrosis. As a broader concept of myocardial
damage than perioperative myocardial infarction,
MINS has been proposed to be a more applicable
term for surgical patients [30]. PMI, with an incidence of 2–3% and a mortality of 30%, has classically dominated adverse cardiac outcomes after
surgery, but appears to be only the tip of the ischemic complications iceberg. PMI is only one manifestation of myocardial ischemia, which in the
absence of systematic troponin measurements
greatly underestimates the extent of myocardial
damage after noncardiac surgery (see chapter detection of MINS, below) [1 ,19,26,27].
&

&

&

MECHANISM OF MYOCARDIAL INJURY
AFTER NONCARDIAC SURGERY
The mechanism of MINS remains unclear, although
it is likely that it is similar to PMI. Since 2007 [29], as
well as in the third universal definition of myocardial infarction in 2012 [9], different types of
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myocardial infarction have been identified, with
type 1 and type 2 being most significant in the
noncardiac perioperative setting. Type 1 MI is the
classic coronary plaque rupture with subsequent
acute thrombosis and is the most dominant form
in the nonsurgical population.
The evidence for the pathophysiology of PMI is
limited. Histological data from small studies of
patients suffering fatal PMI have demonstrated the
existence of an intracoronary thrombus in approximately one-third of patients and signs of plaque
rupture in nearly half of patients [31,32]. Preoperative
angiographic data from a cohort of 1242 vascular
patients showed that in patients suffering in-hospital
death or PMI (n ¼ 21), the preoperative coronary
angiography failed to show a culprit stenosis for
the site of myocardial infarction in seven cases. In
the remaining 14 cases, no high-grade stenosis (70–
99%) could be found and in eight of 14 cases,
inadequate collateral vessels were identified as the
most common apparent cause of infarction [33].
Postoperative angiographic data from 66 patients
suffering PMI or unstable angina after noncardiac
surgery showed 26% of patients to have a thrombotic
etiology, 20% nonobstructive coronary disease without a culprit lesion, and 55% obstructive coronary
disease suggesting a mismatch (type 2) [34]. The
above studies are all potentially biased on account
of either involving fatal PMI or symptomatic PMI.
Troponin measurements seem not to be helpful in
differentiating between type 1 and type 2 MI [35].
Expert opinion estimates that type 1 and type 2
myocardial infarctions each account for approximately 50% of PMIs in noncardiac surgery [36–38].
In terms of the cause of death after MINS, it has
recently been re-emphasized that high-level postoperative troponin elevations predominantly correlate with vascular deaths, whereas low-level
concentrations predominantly correlate with nonvascular deaths [37,39 ]. This was also found in a
sensitivity analysis of the VISION study, in which a
troponin T of 0.02 ng/ml was independently associated with mortality in patients dying of nonvascular
causes (aHR 3.25, 95% CI 1.78–5.94), but not of
vascular causes (aHR 1.65, 95% CI 0.74–3.67) [19].
This association of low-level troponins and shortterm nonvascular mortality may potentially be
explained by two subsidiary mechanisms: minor
myocardial ischemia may lead nonvascular complications, manifesting at a later time point (e.g., myocardial ischemia may predispose to subsequent
pneumonia [19]) or noncardiac complications lead
to increased oxygen requirements, placing greater
strain on marginally compensated myocardium
[37]. It is worth emphasizing, that regardless of
whether patients die a vascular or nonvascular
&

4
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death, MINS as a response to the stress test of surgery
may be a red flag for a fatal secondary event in the
near future.

PREVENTION OF MYOCARDIAL INJURY
AFTER NONCARDIAC SURGERY
Preoperative measures
A first step for preventive measures is the identification of risk and its classification. Factors likely to
facilitate perioperative type 1 myocardial ischemia
are physiological and emotional stress [2], the procoagulatory response to surgery [40–43], as well as
perioperative episodes of tachycardia and hypertension, both of which increase shearing forces with the
associated risk of plaque rupture [2,44]. Type 2
ischemia is secondary to an oxygen supply and
demand mismatch and appears to be more prominent in the perioperative setting [37,45], especially
with the advent of more sensitive troponins [46].
Several perioperative factors may lead to an oxygen
supply and demand mismatch [2,7 ]. Intraoperative
factors include tachycardia [47,48], sympathetic
stimulation [49], hypercoagulability [40–43], bleeding [50], hypotension [51 ,52 ,53], and hypothermia [54,55]. Additional postoperative factors
include pain and prolonged hypoxia [56].
Beginning with the cardiac risk index [57], a
number of indices have been developed, of which
two – namely the revised cardiac risk index [5] and
the NSQIP MICA risk-prediction rule [58] – are
endorsed by current guidelines [59,60]. The independent predictive value of cardiac biomarkers in
noncardiac surgery has repeatedly been shown
[21,61,62]. Recently, a prospective study examining
the incremental value of preoperative coronary
computed tomographic angiography in 955 patients
at risk of vascular disease showed that this method
improved prediction of cardiovascular death or nonfatal myocardial infarction at 30 days for patients
with events, but was over five times more likely to
inappropriately overestimate events in patient without events [63 ]. Furthermore, routine preoperative
revascularization of coronary stenosis has not proven to be of value [64]. When patients are seen weeks
in advance, preoperative optimization of medical
therapy may be beneficial [65 ]. However, patients
are generally seen the day prior to surgery and
postponing may not always be an option.
In terms of perioperative medication, the results
have been disappointing. Despite its previous widespread use, the de novo perioperative administration
of b-blockers has been a topic of debate for years. A
recent meta-analysis showed that de novo b-blockade
started within 1 day of surgery did decrease PMI, but
&

&

&

&
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at a cost of higher rates of stroke and death [66 ]. The
exclusion of controversial trials did not change this
result. Sufficient data on de novo b blockade initiated
prior to the first day was not available. In a retrospective study of 314 114 patients undergoing
noncardiac surgery [67], patients with a higher
cardiovascular risk score showed a decreased 30day mortality rate if receiving perioperative b-blockade (OR, 0.63; 95% CI, 0.43–0.93), while those with
no risk factors had an increased risk of death (OR,
1.19; 95% CI, 1.06–1.35). However, it was unclear
when perioperatively b-blockade was begun and in
approximately half of all patients it was not a de novo
initiation. The European Society of Cardiology and
the European Society of Anaesthesiology (ESC/ESA)
[59] as well as the American College of Cardiology/
American Heart Association (ACC/AHA) Guidelines
[60] suggests the continuation of beta-blockers in
patients already receiving beta-blockers (Class I,
Level B). Their initiation for high-risk surgery in
patients with clinical risk factors or myocardial
ischemia may be considered (Class IIb, Level B),
however not without preoperative titration (ESC/
ESA Class III, Level B) and not on the day of surgery
(ACC/AHA Class III, Level B).
Despite high-quality evidence for aspirin therapy
in the nonoperative setting for primary and secondary prevention [68], a perioperative benefit of
aspirin could not be found. In the PeriOperative
ISchemic Evaluation-2 (POISE-2) trial, which
examined over 10 000 patients, perioperative aspirin
did not decrease death or nonfatal myocardial infarction (HR 0.99, 95%CI 0.86–1.15), but rather
increased major bleeding (HR 1.23 95%CI 1.01–
1.49) [69 ]. The ACC/AHA Guidelines state that the
continuation of aspirin for nonurgent, noncardiac
surgery may be reasonable in patients without prior
coronary stenting, if the increased risk of cardiac
events outweighs the increased risk of bleeding (class
IIb, level B). The POISE-2 trial also examined the
effect of clonidine to reduce sympathetic activation
during surgery [70 ]. Clonidine administration did
not reduce nonfatal MI (HR 1.08, 95%CI 0.93–1.26),
but did increase clinically relevant hypotension (HR
1.32 95%CI 1.24–1.40) and nonfatal cardiac arrest
(HR 3.20 95% CI 1.17–8.73). a-2 agonists are not
recommended for the prevention of cardiac events
(ACC/AHA: class III, level B).
The established effect of statins in reducing cardiovascular mortality in the nonsurgical population
[71] has also been demonstrated perioperatively in
decreasing major adverse cardiac events (MACE) and
mortality, both in randomized trials [72,73] as well as
in large observational studies [74,75,76 ]. In a recent
observational study of the VISION data, patients
receiving statins preoperatively were shown to have
&

&

&

a significantly lower risk of all-cause mortality than a
matched population (RR 0.58; 95% CI 0.40–0.83; an
absolute risk reduction of 2.0%; 95% CI 0.5–3.2%)
[76 ]. The ESC/ESA as well as the ACC/AHA Guidelines recommend continuing statins (class I, level C)
and consider their initiation reasonable in both
patients undergoing vascular surgery (class IIa, level
B) as well as in patients with a clinical risk factor
scheduled for elevated-risk procedures (ACC/AHA:
class IIb, level C). The ESC/ESA recommends beginning statins 2 weeks prior to surgery.
&

Intraoperative and postoperative measures
There are no intraoperative and/or postoperative
measures known to reduce the incidence of MINS.
Although initially promising in coronary artery
bypass graft surgery [77] and recommended by earlier
guidelines for noncardiac surgery [78], the use of
volatile anesthetics has not reduced myocardial
ischemia, major adverse cardiac events, troponin,
or B-Type Natriuretic Peptide concentrations
[79,80]. Blood pressure optimization may be
beneficial. An association between intraoperative
hypotension and mortality has been discussed in a
number of recent observational studies [51 ,53]. van
Waes and colleagues [52 ] examined almost 900 vascular patients and showed that a 40% decrease of
preinduction mean arterial pressure over more than
30 cumulative minutes was associated with postoperative myocardial injury (RR 1.8; 99% CI, 1.2–2.6,
P < 0.001), while shorter durations were not. Other
recent studies have shown increased myocardial
injury [53] and 30-day mortality [51 ] for shorter
periods of intraoperative hypotension. Finally,
higher transfusion thresholds for red blood cells have
not been shown to affect mortality in the short [81] or
long term [82].
The majority of MINS occur within two postoperative days [1 ]. Postoperative strategies proposed to prevent MINS include more frequent or
continuous vital sign monitoring, avoidance of
hypoxemia, correction of potentially contributing
factors, and intravascular volume optimization [21].
Despite its compelling logic, high-quality data
showing an improvement in hard outcomes
through monitoring (including rapid response
teams) is inconclusive at best [83–85].
&

&

&

&

DETECTION AND TREATMENT OF
MYOCARDIAL INJURY AFTER
NONCARDIAC SURGERY
The complexity of perioperative mechanisms contributing to myocardial injury makes the treatment
of MINS and PMI challenging. Furthermore, some of
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the treatment options established for the nonoperative setting, for example, antiplatelet agents, are
burdened by the non-negligible risk of postoperative
bleeding [69 ]. Data from randomized clinical trials
on the treatment of MINS and PMI is scarce.
It is evident from a number of cohort studies,
that MI will only be detected reliably if troponin is
measured. Ideally, troponin measurements should
flag at-risk patients, be validated in prospective
studies examining hard outcomes, exhibit incremental value, be of clinical utility, and improve
clinical outcomes [86]. The last point has yet to
be shown in the treatment of MINS. This uncertainty with regard to modification of clinical outcomes has resulted in a debate on the utility of
routine perioperative screening. Some expert groups
advocate measuring troponin in high-risk patients
both before and 48–72 h after major surgery (class
IIb, level B) [9,59]. The ACC/AHA Guidelines state
that the usefulness of postoperative troponin
screening in patients without signs or symptoms
of ischemia is uncertain as defined management
strategy are lacking (class IIb, level B), and only
recommend measuring troponin when signs or
symptoms suggestive of ischemia or infarction are
present [60]. This approach has been criticized as it
suggests that the utility of troponin screening is only
established in symptomatic patients [30].
Observational data from the POISE trial has
shown suboptimal medical therapy for patients suffering PMI [87]. At discharge, only 64.8% of patients
suffering PMI received aspirin [17.8% clopidogrel or
ticlopidine, 52.0% statins, and 55.4% angiotensinconverting enzyme inhibitors or Angiotensin II
receptor blockers] [4]. In a prospective, matched
study examining 667 patients undergoing major
vascular surgery, patients suffering PMI without
postoperative medical intensification according to
2007 ACC/AHA Guidelines on the medical management of chronic stable angina (n ¼ 23) exhibited a
higher HR (2.80; 95% CI 1.05–24.20) than those
with PMI with postoperative medical intensification
(n ¼ 43) [88 ]. However, a small study examining 70
patients with postoperative troponin elevation
randomized to cardiology care vs standard ward care
showed no difference in 1-year mortality [89]. In
observational studies, patients on statins at the time
of discharge have had improved long-term survival
[statin OR 0.7 (0.5–0.9); statin and antiplatelet drug
OR 0.5 (0.4–0.7)], despite often being more ill
[65 ,75].
Examining a hypothetical hospital with 10 000
elevated-risk, in-patient surgeries/year and implementing perioperative troponin screening in
patients who are either aged at least 65 or aged at
least 45 with a history of coronary artery disease,
&

&

&
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peripheral vascular disease, or cerebral vascular disease would result in approximately 4000 screened
patients (40%). Of these, around 320 patients will
suffer MINS. If we were to measure troponin only in
the case of symptomatic patients, we would only
register around 44 events and, therefore, deprive
some 276 patients from potentially effective treatment [1 ,4]. Assuming 66.5% of our patients are not
taking statins preoperatively [4], we might be able to
prevent 29 MINS by beginning preoperative statin
therapy well in advance [76 ]. As this is not always
feasible, let us assume that we only conduct an
intensification of postoperative medical treatment.
By this measure we might be able to increase MACEfree survival at 12 months from 43 to 77% [88 ] or
from 138 to 246 of our 320 patients with detected MI
by routine testing vs 19 to 34 of our 44 patients with
symptomatic events. This would be a real net
improvement of 108–15 or 93 patients. By comparison, cervical cancer has an adjusted annual
incidence of 6.6/100.000 and screening is recommended every 3 years in women aged 21–65 [90].
Assuming a sensitivity of 100%, and ignoring the
stress caused by false positives, screening 10 000
women in a hypothetical hospital could successfully
identify one woman with cervical cancer.
In consideration of limited availability of data,
we would like to delineate our practice (Fig. 2). We
measure high-sensitivity troponin T (hsTnT) prior to
surgery and on the first 2 postoperative days in
patients aged at least 65 or aged at least 45 with a
history of coronary artery disease, peripheral vascular disease, or cerebral vascular disease. Patients with
an increase in hsTnT at least 14 ng/l receive a cardiology consultation. Based on the suspected type of
myocardial ischemia and individual patient comorbidities and bleeding risk the patients may either
receive aspirin and a statin and potentially coronary
angiography (suspected type 1 ischemia) or an
optimization of oxygen supply and demand mismatch (correction of hypotension, tachycardia, etc.)
and potentially a statin and/or the recommendation
for outpatient cardiac ischemic testing (suspected
type 2 ischemia). We recommend initiating aspirin
as soon as possible and independent of thrombosis
prophylaxis. However, this should be weighed
against the risk of major bleeding in an interdisciplinary approach. In our institution, we introduced
the perioperative troponin screening in close collaboration with the cardiology department with the
benefit of an interdisciplinary approach to the MINS
patients. Whether or not the appraisal of MINS
patients and treatment intensification should be
done by an anesthesiologist or a cardiologist is a
matter of debate and alternative models, for
example, primary assessment of patients with
&

&

&
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In-Patient:
Screening

1) aged ≥65? OR
2) aged ≥45 AND history of one of the following: 1) coronary artery
disease, 2) peripheral vascular disease, or 3) cerebral vascular disease

∆hsTnT ≥ 14 ng/L

Identification of
the problem

Cardiology
consultation

Type 1 myocardial injury likely
Assessment of
pathophysiology

(e.g. chest discomfort, ventricular
tachycardia, ECG changes)

Patient

Type 2 myocardial injury likely

(e.g. perioperative hypotonia,
tachycardia, anemia)

Individual patient management based on:
probability of Type 1 myocardial injury and comorbidities

factors

Aspirin* (100mg)
+
Statin
(e.g. 80 mg simvastatin)
+/–
coronary angiography /
intervention

Therapy
suggestions,
Intervention, and
diagnostics

Final interdisciplinary
therapy

Optimization of oxygen
supply and demand
+/–
Statin
(e.g. 80 mg simvastatin)
+/–
outpatient ischemia work-up

Interdisciplinary management and treatment
with surgeons, treating physicians, cardiology

* we recommend giving aspirin independent of (and in addition to) thrombosis prophylaxis under consideration of the
bleeding risk

FIGURE 2. Suggested management plan of myocardial injury after noncardiac surgery.

elevated perioperative troponin by anesthesiologists
or intensivists who may be better aware of bleeding
risk, may be equally valid.

DIRECTION AND OUTLOOK
Two main issues are likely to influence the MINS
debate in the next few years: the use of high-sensitivity assays and the modification of risk through
prevention and treatment of MINS.
The use of high-sensitivity troponin has greatly
expedited the diagnosis of Non-ST-Segment
Elevation Myocardial Infarction and has partially
obviated the need for serial testing [24 ]. A limit
of detection of 3 ng/l [14] coupled with prognostically relevant concentrations below conventional
assays cut-offs [91 ] are likely to influence the MINS
discussion. In a study of nearly 50 000 nonsurgical
patients admitted for acute coronary syndrome,
high-sensitivity troponins were able to identify a
large group of patients (6491 or 13.4%) previously
considered to be troponin negative and able to show
an association with 12-month all-cause mortality
with an adjusted HR of 2.53 (95% CI: 2.00–3.21;
&

&

&

P < 0.001) [91 ]. High-sensitivity troponin T concentrations were elevated above 14ng/l in 31% and 41%
of patients at-risk for coronary artery disease preoperatively [92,93] and 45% postoperatively [94].
This suggests that the incidence and cut-offs of
MINS with hsTnT may be challenging and may
require consideration of the perioperative change
(i.e., delta) [24 ,39 ,93]. Data collection of
additional 25 000 patients from the VISION study
with high-sensitivity troponin is expected in the
early part of 2016 and may provide new insights.
Additionally, being able to measure troponin at very
low concentrations may enable us to differentiate
between acute postoperative increases and chronic
elevation in a range previously deemed to be troponin negative.
Future studies must determine whether or not
the risk of mortality imposed by MINS is modifiable,
and if so, by which treatment. Although no compelling data is currently available, a number of
interesting trials are due to finish in the next
few years.
For MINS prevention, two smaller studies seem
interesting: the Prevention of Myocardial Injury in
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Non-cardiac Surgery trial is set to finish in 2017,
which will examine whether or not remote ischemic preconditioning can reduce the number of
patients with MINS in 540 patients undergoing
hip fracture repair (however given the existing data
in cardiac surgery [20,95,96], it seems unlikely that
remote ischemic preconditioning is likely to significantly reduce MINS) and the Biomarkers, Blood
Pressure, BIS: Risk Stratification/Management of
Patients at Cardiac Risk in Major Noncardiac
Surgery (BBB) study, set to finish in 2019 which
will randomize 458 at-risk patients to a liberal or
tight blood pressure control for influencing
postoperative troponin.
In terms of MINS treatment, two larger studies
are due to finish in 2017 and 2018: (1) the Management of Myocardial Injury After Noncardiac Surgery
Trial study, which examines the impact of dabigatran and omeprazole on vascular mortality and
major adverse cardiac and cerebral events in 3200
patients suffering MINS, and (2) the Study of Ticagrelor Versus Aspirin Treatment in Patients With
Myocardial Injury Post Major Non-cardiac Surgery
which examines the impact of ticagrelor and aspirin
on major adverse cardiovascular events at 12
months in 1000 patients suffering MINS.

CONCLUSION
MINS is an adverse condition of great magnitude
and prognostic relevance affecting millions of
patients and associated with approximately threequarters of a million deaths annually. The number
of affected and identified patients is likely to rise
with both an aging population and the use of highsensitivity troponins. The mechanisms of MINS are
poorly understood, but are likely to be similar to
type 1 and type 2 MI. Furthermore, preventive
measures and treatments have not yet conclusively
been identified, although trials are underway. In the
meanwhile, the avoidance of intraoperative and
postoperative factors potentially exacerbating myocardial ischemia and optimal, guideline-based, postoperative re-evaluation of medical therapy
seem sensible.
Acknowledgements
None.
Financial support and sponsorship
This work was supported by the Department of Anaesthesiology, London Hospital, London, UK.
Conflicts of interest
There are no conflicts of interest.
8

www.co-anesthesiology.com

REFERENCES AND RECOMMENDED
READING
Papers of particular interest, published within the annual period of review, have
been highlighted as:
&
of special interest
&& of outstanding interest
1. Botto F, Alonso-Coello P, Chan MT, et al. Myocardial injury after noncardiac
&
surgery: a large, international, prospective cohort study establishing diagnostic criteria, characteristics, predictors, and 30-day outcomes. Anesthesiology 2014; 120:564–578.
Seminal paper on MINS.
2. Landesberg G, Beattie WS, Mosseri M, et al. Perioperative myocardial
infarction. Circulation 2009; 119:2936–2944.
3. Badner NH, Knill RL, Brown JE, et al. Myocardial infarction after noncardiac
surgery. Anesthesiology 1998; 88:572–578.
4. Devereaux PJ, Xavier D, Pogue J, et al. Characteristics and short-term
prognosis of perioperative myocardial infarction in patients undergoing noncardiac surgery: a cohort study. Ann Intern Med 2011; 154:523–528.
5. Lee TH, Marcantonio ER, Mangione CM, et al. Derivation and prospective
validation of a simple index for prediction of cardiac risk of major noncardiac
surgery. Circulation 1999; 100:1043–1049.
6. Weiser TG, Regenbogen SE, Thompson KD, et al. An estimation of the global
volume of surgery: a modelling strategy based on available data. Lancet 2008;
372:139–144.
7. Devereaux PJ, Sessler DI. Cardiac complications in patients undergoing major
&
noncardiac surgery. N Engl J Med 2015; 373:2258–2269.
Recent high-quality review.
8. Horr S, Reed G, Menon V. Troponin elevation after noncardiac surgery:
significance and management. Cleve Clin J Med 2015; 82:595–602.
9. Thygesen K, Alpert JS, Jaffe AS, et al. Third universal definition of myocardial
infarction. Circulation 2012; 126:2020–2035.
10. Licka M, Zimmermann R, Zehelein J, et al. Troponin T concentrations 72 h after
myocardial infarction as a serological estimate of infarct size. Heart 2002;
87:520–524.
11. Steen H, Giannitsis E, Futterer S, et al. Cardiac troponin T at 96 h after acute
myocardial infarction correlates with infarct size and cardiac function. J Am
Coll Cardiol 2006; 48:2192–2194.
12. Vasile VC, Babuin L, Giannitsis E, et al. Relationship of MRI-determined infarct
size and cTnI measurements in patients with ST-elevation myocardial infarction. Clin Chem 2008; 54:617–619.
13. Jaffe AS, Babuin L, Apple FS. Biomarkers in acute cardiac disease: the
present and the future. J Am Coll Cardiol 2006; 48:1–11.
14. Giannitsis E, Kurz K, Hallermayer K, et al. Analytical validation of a highsensitivity cardiac troponin T assay. Clin Chem 2010; 56:254–261.
15. Apple FS, Ler R, Murakami MM. Determination of 19 cardiac troponin I and T
assay 99th percentile values from a common presumably healthy population.
Clin Chem 2012; 58:1574–1581.
16. de Lemos JA. Increasingly sensitive assays for cardiac troponins: a review.
JAMA 2013; 309:2262–2269.
17. Keller T, Zeller T, Ojeda F, et al. Serial changes in highly sensitive troponin I assay
and early diagnosis of myocardial infarction. JAMA 2011; 306:2684–2693.
18. Reichlin T, Hochholzer W, Bassetti S, et al. Early diagnosis of myocardial
infarction with sensitive cardiac troponin assays. N Engl J Med 2009;
361:858–867.
19. Vascular Events In Noncardiac Surgery Patients Cohort Evaluation Study I..
Devereaux PJ, Chan MT, Alonso-Coello P, et al. Association between postoperative troponin levels and 30-day mortality among patients undergoing
noncardiac surgery. JAMA 2012; 307:2295–2304.
20. Walsh M, Whitlock R, Garg AX, et al. Effects of remote ischemic preconditioning in high-risk patients undergoing cardiac surgery (remote IMPACT): a
randomized controlled trial. CMAJ 2015. [Epub ahead of print]
21. Levy M, Heels-Ansdell D, Hiralal R, et al. Prognostic value of troponin and
creatine kinase muscle and brain isoenzyme measurement after noncardiac
surgery: a systematic review and meta-analysis. Anesthesiology 2011;
114:796–806.
22. Mueller C. Biomarkers and acute coronary syndromes: an update. Eur Heart J
2014; 35:552–556.
23. Thygesen K, Mair J, Giannitsis E, et al. How to use high-sensitivity cardiac
troponins in acute cardiac care. Eur Heart J 2012; 33:2252–2257.
24. Roffi M, Patrono C, Collet JP, et al. 2015 ESC Guidelines for the management
&
of acute coronary syndromes in patients presenting without persistent
ST-segment elevation: task force for the management of acute coronary
syndromes in patients presenting without persistent ST-segment elevation
of the European Society of Cardiology (ESC). Eur Heart J 2016; 37:267–
315.
High clinical relevance underscoring the role of biomarkers.
25. Redfern G, Rodseth RN, Biccard BM. Outcomes in vascular surgical patients
with isolated postoperative troponin leak: a meta-analysis. Anaesthesia 2011;
66:604–610.
26. Beattie WS, Karkouti K, Tait G, et al. Use of clinically based troponin underestimates the cardiac injury in noncardiac surgery: a single-centre cohort
study in 51 701 consecutive patients. Can J Anaesth 2012; 59:1013–1022.

Volume 29  Number 00  Month 2016

Copyright © 2016 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

CE: Alpana; ACO/290307; Total nos of Pages: 10;

ACO 290307

Myocardial injury after noncardiac surgery Mauermann et al.
27. van Waes JA, Nathoe HM, de Graaff JC, et al. Myocardial injury after
noncardiac surgery and its association with short-term mortality. Circulation
2013; 127:2264–2271.
28. Jammer I, Wickboldt N, Sander M, et al. Standards for definitions and use of
outcome measures for clinical effectiveness research in perioperative medicine: European Perioperative Clinical Outcome (EPCO) definitions: a statement from the ESA-ESICM joint taskforce on perioperative outcome
measures. Eur J Anaesthesiol 2015; 32:88–105.
29. Thygesen K, Alpert JS, White HD; Joint ESCAAHAWHFTFftRoMI. Universal
definition of myocardial infarction. J Am Coll Cardiol 2007; 50:2173–2195.
30. Biccard BM. Detection and management of perioperative myocardial ischemia. Curr Opin Anaesthesiol 2014; 27:336–343.
31. Dawood MM, Gutpa DK, Southern J, et al. Pathology of fatal perioperative
myocardial infarction: implications regarding pathophysiology and prevention.
Int J Cardiol 1996; 57:37–44.
32. Cohen MC, Aretz TH. Histological analysis of coronary artery lesions in fatal
postoperative myocardial infarction. Cardiovasc Pathol 1999; 8:133–139.
33. Ellis SG, Hertzer NR, Young JR, Brener S. Angiographic correlates of cardiac
death and myocardial infarction complicating major nonthoracic vascular
surgery. Am J Cardiol 1996; 77:1126–1128.
34. Duvall WL, Sealove B, Pungoti C, et al. Angiographic investigation of the
pathophysiology of perioperative myocardial infarction. Catheter Cardiovasc
Interv 2012; 80:768–776.
35. Sandoval Y, Thordsen SE, Smith SW, et al. Cardiac troponin changes to
distinguish type 1 and type 2 myocardial infarction and 180-day mortality risk.
Eur Heart J Acute Cardiovasc Care 2014; 3:317–325.
36. Devereaux PJ, Goldman L, Cook DJ, et al. 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. CMAJ 2005; 173:627–634.
37. Landesberg G, Jaffe AS. ‘Paradox’ of troponin elevations after noncardiac
surgery. Br J Anaesth 2015; 114:863–865.
38. Landesberg G, Shatz V, Akopnik I, et al. Association of cardiac troponin, CKMB, and postoperative myocardial ischemia with long-term survival after major
vascular surgery. J Am Coll Cardiol 2003; 42:1547–1554.
39. Noordzij PG, van Geffen O, Dijkstra IM, et al. High-sensitive cardiac troponin T
&
measurements in prediction of noncardiac complications after major abdominal surgery. Br J Anaesth 2015; 114:909–918.
One of the few papers addressing MINS and high-sensitivity troponins, which are
very likely to alter our understanding of MINS.
40. McDaniel MD, Pearce WH, Yao JS, et al. Sequential changes in coagulation
and platelet function following femorotibial bypass. J Vasc Surg 1984;
1:261–268.
41. Rosenfeld BA, Beattie C, Christopherson R, et al. The effects of different
anesthetic regimens on fibrinolysis and the development of postoperative
arterial thrombosis. Perioperative Ischemia Randomized Anesthesia Trial
Study Group. Anesthesiology 1993; 79:435–443.
42. Rosenfeld BA, Faraday N, Campbell D, et al. Perioperative platelet reactivity
and the effects of clonidine. Anesthesiology 1993; 79:255–261.
43. Gibbs NM, Crawford GP, Michalopoulos N. Postoperative changes in coagulant and anticoagulant factors following abdominal aortic surgery. J Cardiothorac Vasc Anesth 1992; 6:680–685.
44. Fukumoto Y, Hiro T, Fujii T, et al. Localized elevation of shear stress is related
to coronary plaque rupture: a 3-dimensional intravascular ultrasound study
with in-vivo color mapping of shear stress distribution. J Am Coll Cardiol
2008; 51:645–650.
45. Landesberg G. The pathophysiology of perioperative myocardial infarction:
facts and perspectives. J Cardiothorac Vasc Anesth 2003; 17:90–100.
46. Sandoval Y, Smith SW, Thordsen SE, Apple FS. Supply/demand type 2
myocardial infarction: should we be paying more attention? J Am Coll Cardiol
2014; 63:2079–2087.
47. Feringa HH, Bax JJ, Boersma E, et al. High-dose beta-blockers and tight heart
rate control reduce myocardial ischemia and troponin T release in vascular
surgery patients. Circulation 2006; 114 (1 Suppl):I344–I349.
48. Landesberg G, Mosseri M, Zahger D, et al. Myocardial infarction after vascular
surgery: the role of prolonged stress-induced, ST depression-type ischemia. J
Am Coll Cardiol 2001; 37:1839–1845.
49. Devereaux PJ. Rationale and design of the PeriOperative ISchemic Evaluation-2 (POISE-2) trial: an international 2 x 2 factorial randomized controlled
trial of acetyl-salicylic acid vs. placebo and clonidine vs. placebo in patients
undergoing noncardiac surgery. Am Heart J 2014; 167:804–809.
50. Kamel H, Johnston SC, Kirkham JC, et al. Association between major
perioperative hemorrhage and stroke or Q-wave myocardial infarction. Circulation 2012; 126:207–212.
51. Monk TG, Bronsert MR, Henderson WG, et al. Association between intrao&
perative hypotension and hypertension and 30-day postoperative mortality in
noncardiac surgery. Anesthesiology 2015; 123:307–319.
Recent literature suggesting a possible association with MINS and blood pressure,
an alterable risk factor.
52. van Waes JA, van Klei WA, Wijeysundera DN, et al. Association between
&
intraoperative hypotension and myocardial injury after vascular surgery. Anesthesiology 2016; 124:35–44.
Idem to [51&].

53. Walsh M, Devereaux PJ, Garg AX, et al. Relationship between intraoperative
mean arterial pressure and clinical outcomes after noncardiac surgery: toward
an empirical definition of hypotension. Anesthesiology 2013; 119:507–515.
54. Frank SM, Beattie C, Christopherson R, et al. Unintentional hypothermia is
associated with postoperative myocardial ischemia. The Perioperative Ischemia Randomized Anesthesia Trial Study Group. Anesthesiology 1993;
78:468–476.
55. Frank SM, Fleisher LA, Breslow MJ, et al. Perioperative maintenance of
normothermia reduces the incidence of morbid cardiac events. A randomized
clinical trial. JAMA 1997; 277:1127–1134.
56. Sun Z, Sessler DI, Dalton JE, et al. Postoperative hypoxemia is common and
persistent: a Prospective Blinded Observational Study. Anesth Analg 2015;
121:709–715.
57. Goldman L, Caldera DL, Nussbaum SR, et al. Multifactorial index of cardiac
risk in noncardiac surgical procedures. N Engl J Med 1977; 297:845–850.
58. Gupta PK, Gupta H, Sundaram A, et al. Development and validation of a risk
calculator for prediction of cardiac risk after surgery. Circulation 2011;
124:381–387.
59. Kristensen SD, Knuuti J, Saraste A, et al. 2014 ESC/ESA Guidelines on
noncardiac surgery: cardiovascular assessment and management: the Joint
Task Force on noncardiac surgery: cardiovascular assessment and management of the European Society of Cardiology (ESC) and the European Society
of Anaesthesiology (ESA). Eur J Anaesthesiol 2014; 31:517–573.
60. Fleisher LA, Fleischmann KE, Auerbach AD, et al. 2014 ACC/AHA guideline
on perioperative cardiovascular evaluation and management of patients
undergoing noncardiac surgery: a report of the American College of Cardiology/American Heart Association Task Force on practice guidelines. J Am Coll
Cardiol 2014; 64:e77–e137.
61. Biccard BM, Devereaux PJ, Rodseth RN. Cardiac biomarkers in the prediction
of risk in the noncardiac surgery setting. Anaesthesia 2014; 69:484–493.
62. Lurati Buse GA, Koller MT, Burkhart C, et al. The predictive value of
preoperative natriuretic peptide concentrations in adults undergoing surgery:
a systematic review and meta-analysis. Anesth Analg 2011; 112:1019–
1033.
63. Sheth T, Chan M, Butler C, et al. Prognostic capabilities of coronary
&
computed tomographic angiography before noncardiac surgery: prospective
cohort study. BMJ 2015; 350:h1907.
Interesting recent paper showing limitations of preoperative computed tomographic angiography in risk stratification.
64. McFalls EO, Ward HB, Moritz TE, et al. Coronary-artery revascularization
before elective major vascular surgery. N Engl J Med 2004; 351:2795–2804.
65. De Martino RR, Eldrup-Jorgensen J, Nolan BW, et al. Perioperative manage&
ment with antiplatelet and statin medication is associated with reduced
mortality following vascular surgery. J Vasc Surg 2014; 59:1615–1621.
Promising medical management of MINS.
66. Wijeysundera DN, Duncan D, Nkonde-Price C, et al. Perioperative beta
&
blockade in noncardiac surgery: a systematic review for the 2014 ACC/
AHA guideline on perioperative cardiovascular evaluation and management
of patients undergoing noncardiac surgery: a report of the American College
of Cardiology/American Heart Association Task Force on practice guidelines.
J Am Coll Cardiol 2014; 64:2406–2425.
Underscores the disadvantageous effect on survival of de novo Beta blockade.
67. Friedell ML, Van Way CW 3rd, Freyberg RW, Almenoff PL. Beta-blockade
and operative mortality in noncardiac surgery: harmful or helpful? JAMA Surg
2015; 150:658–663.
68. Antithrombotic Trialists’ Collaboration. Collaborative meta-analysis of randomised trials of antiplatelet therapy for prevention of death, myocardial infarction, and stroke in high risk patients. BMJ 2002; 324:71–86.
69. Devereaux PJ, Mrkobrada M, Sessler DI, et al. Aspirin in patients undergoing
&
noncardiac surgery. N Engl J Med 2014; 370:1494–1503.
Seminal paper showing aspirin to be of no benefit (actually harm).
70. Devereaux PJ, Sessler DI, Leslie K, et al. Clonidine in patients undergoing
&
noncardiac surgery. N Engl J Med 2014; 370:1504–1513.
Seminal paper showing clonidin to be of no benefit (actually harm).
71. Mills EJ, Rachlis B, Wu P, et al. Primary prevention of cardiovascular mortality
and events with statin treatments: a network meta-analysis involving more than
65 000 patients. J Am Coll Cardiol 2008; 52:1769–1781.
72. Durazzo AE, Machado FS, Ikeoka DT, et al. Reduction in cardiovascular events
after vascular surgery with atorvastatin: a randomized trial. J Vasc Surg 2004;
39:967–975.
73. Xia J, Qu Y, Yin C, Xu D. Preoperative rosuvastatin protects patients with
coronary artery disease undergoing noncardiac surgery. Cardiology 2015;
131:30–37.
74. Lindenauer PK, Pekow P, Wang K, et al. Lipid-lowering therapy and in-hospital
mortality following major noncardiac surgery. JAMA 2004; 291:2092–2099.
75. Suckow BD, Kraiss LW, Schanzer A, et al. Statin therapy after infrainguinal
bypass surgery for critical limb ischemia is associated with improved 5-year
survival. J Vasc Surg 2015; 61:126–133.
76. Berwanger O, Le Manach Y, Suzumura EA, et al. Association between
&
preoperative statin use and major cardiovascular complications among patients undergoing noncardiac surgery: the VISION study. Eur Heart J 2016;
37:177–185.
Interesting paper showing the benefit of statins.

0952-7907 Copyright ß 2016 Wolters Kluwer Health, Inc. All rights reserved.

www.co-anesthesiology.com

9

Copyright © 2016 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

CE: Alpana; ACO/290307; Total nos of Pages: 10;

ACO 290307

Anesthesia and medical disease
77. Yu CH, Beattie WS. The effects of volatile anesthetics on cardiac ischemic
complications and mortality in CABG: a meta-analysis. Can J Anaesth 2006;
53:906–918.
78. Fleisher LA, Beckman JA, Brown KA, et al. ACC/AHA 2007 Guidelines on
Perioperative Cardiovascular Evaluation and Care for Noncardiac Surgery:
executive summary: a report of the American College of Cardiology/American
Heart Association Task Force on Practice Guidelines (Writing Committee to
Revise the 2002 Guidelines on Perioperative Cardiovascular Evaluation for
Noncardiac Surgery): developed in collaboration with the American Society of
Echocardiography, American Society of Nuclear Cardiology, Heart Rhythm
Society, Society of Cardiovascular Anesthesiologists, Society for Cardiovascular Angiography and Interventions, Society for Vascular Medicine and
Biology, and Society for Vascular Surgery. Circulation 2007; 116:1971–
1996.
79. Lurati Buse GA, Schumacher P, Seeberger E, et al. Randomized comparison
of sevoflurane versus propofol to reduce perioperative myocardial ischemia in
patients undergoing noncardiac surgery. Circulation 2012; 126:2696–
2704.
80. Lindholm EE, Aune E, Noren CB, et al. The anesthesia in abdominal
aortic surgery (ABSENT) study: a prospective, randomized, controlled trial
comparing troponin T release with fentanyl-sevoflurane and propofol-remifentanil anesthesia in major vascular surgery. Anesthesiology 2013; 119:
802–812.
81. Carson JL, Terrin ML, Noveck H, et al. Liberal or restrictive transfusion in highrisk patients after hip surgery. N Engl J Med 2011; 365:2453–2462.
82. Carson JL, Sieber F, Cook DR, et al. Liberal versus restrictive blood transfusion strategy: 3-year survival and cause of death results from the FOCUS
randomised controlled trial. Lancet 2015; 385:1183–1189.
83. Chan PS, Jain R, Nallmothu BK, et al. Rapid response teams: a systematic
review and meta-analysis. Arch Intern Med 2010; 170:18–26.
84. Hillman K, Chen J, Cretikos M, et al. Introduction of the medical emergency
team (MET) system: a cluster-randomised controlled trial. Lancet 2005;
365:2091–2097.
85. Winters BD, Pham JC, Hunt EA, et al. Rapid response systems: a systematic
review. Crit Care Med 2007; 35:1238–1243.

10

www.co-anesthesiology.com

86. Hlatky MA, Greenland P, Arnett DK, et al. Criteria for evaluation of novel
markers of cardiovascular risk: a scientific statement from the American Heart
Association. Circulation 2009; 119:2408–2416.
87. Group PS, Devereaux PJ, Yang H, et al. Effects of extended-release metoprolol succinate in patients undergoing noncardiac surgery (POISE trial): a
randomised controlled trial. Lancet 2008; 371:1839–1847.
88. Foucrier A, Rodseth R, Aissaoui M, et al. The long-term impact of early
&
cardiovascular therapy intensification for postoperative troponin elevation
after major vascular surgery. Anesth Analg 2014; 119:1053–1063.
Important paper illustrating the benefit of improved medical managment/intensification.
89. Chong CP, van Gaal WJ, Ryan JE, et al. Does cardiology intervention improve
mortality for postoperative troponin elevations after emergency orthopaedicgeriatric surgery? A randomised controlled study. Injury 2012; 43:1193–
1198.
90. Moyer VA. Screening for cervical cancer: U.S. Preventive Services Task Force
recommendation statement. Ann Intern Med 2012; 156:880–891.
91. Melki D, Lugnegard J, Alfredsson J, et al. Implications of introducing high&
sensitivity cardiac troponin T into clinical practice: data from the SWEDEHEART Registry. J Am Coll Cardiol 2015; 65:1655–1664.
Large study showing the prognostic importance of even low levels of elevated high
sensitivity troponin T.
92. Alcock RF, Kouzios D, Naoum C, et al. Perioperative myocardial necrosis in
patients at high cardiovascular risk undergoing elective noncardiac surgery.
Heart 2012; 98:792–798.
93. Nagele P, Brown F, Gage BF, et al. High-sensitivity cardiac troponin T in
prediction and diagnosis of myocardial infarction and long-term mortality after
noncardiac surgery. Am Heart J 2013; 166:325–332.
94. Kavsak PA, Walsh M, Srinathan S, et al. High sensitivity troponin T concentrations in patients undergoing noncardiac surgery: a prospective cohort
study. Clin Biochem 2011; 44:1021–1024.
95. Hausenloy DJ, Candilio L, Evans R, et al. Remote ischemic preconditioning
and outcomes of cardiac surgery. N Engl J Med 2015; 373:1408–1417.
96. Meybohm P, Bein B, Brosteanu O, et al. A multicenter trial of remote ischemic
preconditioning for heart surgery. N Engl J Med 2015; 373:1397–1407.

Volume 29  Number 00  Month 2016

Copyright © 2016 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

