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Abstract Worldwide, 200 million adults undergo major

noncardiac surgery every year, and approximately 8 mil-

lion of these patients will suffer a myocardial injury after

noncardiac surgery (MINS). MINS is defined as a prog-

nostically relevant myocardial injury due to ischemia that

occurs during or within 30 days after noncardiac surgery.

The diagnostic criterion for MINS is an elevated troponin

measurement resulting from myocardial ischemia. MINS is

an independent predictor of 30-day and 1-year mortality.

Without troponin monitoring, the majority of MINS events

will go undetected because [80 % of patients suffering

from MINS do not experience ischemic symptoms.

Guideline committees have recently recommended moni-

toring perioperative troponin measurements in high-risk

patients having noncardiac surgery. Risk-adjusted obser-

vational data suggest aspirin and a statin can reduce the risk

of 30-day mortality in patients who have experienced

MINS.
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Introduction

Noncardiac surgery has the potential to dramatically

improve a patient’s quality of life (e.g., arthroplasty) and

prolong life (e.g., oncological surgery). The number of

patients undergoing noncardiac surgery has substantially

increased throughout the last few decades because of sur-

gical advances, the shift toward advanced care for the

elderly, and the increase in life expectancy. Worldwide,

200 million adults have major noncardiac surgery every

year [1]. Despite the benefits of noncardiac surgery,

patients having surgery are at risk of serious complications.

Myocardial injury is one of the more common and serious

perioperative complications. In this article, we explore the

prognostic impact of an elevated perioperative troponin

measurement and the concept of myocardial injury after

noncardiac surgery (MINS).

Prognostic Impact of an Elevated Troponin

Measurement after Noncardiac Surgery on 30-Day

and 1-Year Outcomes

The VISION study was a large international prospective

cohort study of 40,000 patients undergoing in-hospital

noncardiac surgery assessing major complications after

surgery. VISION was conducted in several countries, and

the recruitment was completed in September 2013. Patients

of at least 45 years of age and undergoing major noncar-

diac surgery requiring hospital admission were enrolled.

Patients having urgent, emergent, or elective surgeries

occurring during weekdays and weekends were included.

The primary outcome was all-cause mortality at 30 days

after surgery. During the hospital admission, troponin T

(TnT) levels were measured at 6–12 h and on days 1
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through 3 after surgery. Throughout the trial, an experi-

enced research team closely monitored the patients for

major postoperative complications. Also, the research

personnel contacted patients for follow-up at 30 days and

at 1 year.

Analyses were performed on the first 15,133 patients in

the VISION Study who had a fourth-generation TnT per-

ioperative measurement [2••]. A Cox proportional hazard

model was performed with mortality until 30 days as the

dependent variable and 24 preoperative variables as inde-

pendent variables. This model was repeated and included

the peak fourth-generation TnT measurement during the

first 3 days after surgery as an independent variable. A

statistical approach was used to determine whether there

was a threshold(s) at which TnT independently predicted

30-day mortality.

Peak TnT values of 0.01 ng/ml or less, 0.02, 0.03–0.29,

and 0.3 ng/ml or more occurred in 88.4, 3.3, 7.4, and 0.9 %

of the patients, respectively. The overall mortality at 30 days

was 1.9 %. The peak TnT threshold values of 0.02, 0.03, and

0.30 ng/ml were independently associated with 30-day

mortality. These analyses demonstrated that the strongest

predictor of 30-day mortality after noncardiac surgery was

an elevated TnT value after surgery. The population attrib-

utable risk analysis suggested that elevated TnT measure-

ments after surgery may explain 41.8 % of the deaths. The

incidence of 30-day mortality was 1.0, 4.0, 9.3, and 16.9 %

in patients with peak TnT values of 0.01 or less, 0.02, 0.03 to

0.29, and 0.30 ng/ml or greater, respectively. Further,

patients with TnT values independently associated with

mortality revealed the following median times from the

peak TnT measurements to death: 0.02 ng/ml [13.5 days;

interquartile range (IQR), 8.5–20 days]; 0.03 to 0.29 ng/ml

(9.0 days; IQR, 3.5–16 days); 0.30 ng/ml or greater

(6.5 days; IQR, 1.5–15 days), P = 0.01 for differences

among time to death.

Therefore, VISION clearly demonstrated that elevated

TnT values after noncardiac surgery have strong prognostic

capabilities in terms of 30-day mortality. Moreover, this

study showed that the higher the peak troponin value is, the

shorter median time to death.

Elevated troponin values after noncardiac surgery also

impact 1-year mortality. In fact, Levy et al. [3•] undertook a

systematic review and meta-analysis to evaluate the prog-

nostic value of troponin and creatinine kinase-myocardial

band measurement after noncardiac surgery. The analysis

used 14 studies and included 3,318 patients and 459 deaths.

Ten studies evaluating the impact of an increased troponin

measurement on intermediate-term (B12 months) mortality

showed an OR = 6.7 (95 % CI 4.1–10.9). The relationship

of an elevated perioperative troponin measurement to long-

term (C12 months) mortality was assessed in four studies

and demonstrated an adjusted OR = 1.8 (95 % CI 1.42.3,

I2 = 0 %). Hence, these findings demonstrate that an

increased troponin measurement after noncardiac surgery is

a strong predictor of 1-year mortality. Moreover, this sys-

tematic review also included five studies that evaluated the

impact of an elevated troponin level after noncardiac sur-

gery on major cardiovascular complications. All five studies

demonstrated that an elevated troponin measurement after

surgery was an independent predictor of a major cardio-

vascular event in the subsequent 6–18 months.

Myocardial Injury after Noncardiac Surgery (MINS)

Most noncardiac surgery studies interested in cardiovas-

cular complications focus on perioperative myocardial

infarction. Recently, the joint task force of the European

Society of cardiology (ESC), American College of Cardi-

ology (ACC) Foundation, American Heart Association

(AHA), and World Heart Federation published the Third

Universal definition and diagnostic criteria of myocardial

infarction (MI). MI was defined as myocardial necrosis

from myocardial ischemia, and the diagnostic criteria

consist of troponin elevation with either cardiac symptoms

or electrocardiography (ECG) changes suggestive of acute

myocardial ischemia [4•, 5–7].

Diagnosing MI based on the universal definition may be

a challenge in the perioperative setting. The majority of

patients with perioperative MI do not experience ischemic

cardiac symptoms, mainly because of analgesics. In

POISE, only 34.7 % of patients with perioperative MI

experienced an ischemic symptom [8]. Further, ischemic

ECG changes after surgery are uncommon. Since no car-

diac symptom is reported by patients, ECGs are not per-

formed when cardiac ischemia is occurring. ECGs are

typically done after troponin elevation, which can be sev-

eral hours after the cardiac insult. Therefore, in patients

with perioperative MI, a minority of ECGs will show

ischemic changes [8]. Consequently, many patients with

myocardial injury do not satisfy the diagnostic criteria for

MI in the perioperative period [9].

Although the noncardiac surgery community has pri-

marily focused on MI in the perioperative setting for

compelling reasons (e.g., the universal definition is well

known and referenced), some authors advocate moving to

the concept of myocardial injury for several reasons [9].

First, the universal definition of MI excludes many prog-

nostically relevant perioperative myocardial ischemic

events [10••]. Then, some prognostically relevant periop-

erative myocardial insults may represent myocardial injury

as opposed to myocardial necrosis (as required by the

universal definition of MI) [2••, 11]. Lastly, a new diag-

nosis may minimize the risk that individuals will assume

that what is known about nonoperative myocardial
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infractions (e.g., pathophysiology, treatment) automatically

applies to these perioperative myocardial events.

For these reasons, the VISION investigators recently

proposed a new definition of MINS [12••]. MINS is defined

as the following: myocardial injury caused by ischemia

(that may or may not result in necrosis), having prognostic

relevance (i.e., independently impacts the risk of 30-day

mortality), and occurring during or within 30 days after

noncardiac surgery. The proposed definition of MINS is

broader than the universal definition of myocardial

infraction in that it includes other prognostically relevant

perioperative myocardial injuries due to ischemia in addi-

tion to MI. MINS does not include perioperative myocar-

dial injury due to a documented nonischemic etiology (e.g.,

pulmonary embolism, sepsis, cardioversion). Based on the

statistical analyses performed on the VISION data, the

diagnostic criterion for MINS is a peak TnT C 0.03 ng/ml

that is judged to be a result of myocardial ischemia without

evidence of a nonischemic etiology causing the troponin

elevation.

Two independent physicians adjudicated all troponin

elevation measurements in VISION. They determined the

timing of the troponin elevation (i.e., before or after the

surgery), the presence of any ischemic symptoms or

ischemic ECG changes, and the presence of a nonischemic

etiology that could result in troponin elevation. Both

adjudicators had to come to an agreement regarding whe-

ther there was any evidence supporting a nonischemic

etiology for the troponin elevation. In VISION, 1,200

patients (8.0 %; 95 % CI, 7.5–8.4) C45 years of age who

underwent noncardiac surgery fulfilled the MINS diag-

nostic criterion. Globally, it is estimated that 100 millions

of adults over the age of 45 years undergo noncardiac

surgery annually [1]. Accordingly, the VISION findings

suggest that at least 8 million adults will suffer MINS on a

yearly basis.

The VISION investigators also established predictors,

characteristics, and 30-day outcomes of MINS. Indepen-

dent preoperative predictors of MINS were identified in a

multivariable regression analysis. Predictors included:

age C 75 years, male sex, current atrial fibrillation, history

of diabetes, hypertension, congestive heart failure, coro-

nary artery disease, high-risk coronary artery disease,

peripheral vascular disease, stroke, a preoperative esti-

mated glomerular filtration rate \60 ml/min/1.73 m2, and

urgent/emergent surgery.

Characteristics of MINS were also described in

VISION. The majority (87 %) of MINS occurred within

the first 3 days after surgery. Among patients with

MINS, only 15.8 % experienced ischemic cardiac

symptoms. Therefore, without postoperative troponin

monitoring, 84 % of the MINS events would go unde-

tected. Furthermore, in VISION, all patients experiencing

an elevated troponin measurement had an ECG. Only

34.9 % of the patients had ischemic ECG changes. The

most common ischemic ECG findings were T waves

inversion (23.3 %) and ST depression (16.4 %). As pre-

viously stated, ischemic ECG changes are most likely

missed because of lack of cardiac symptoms and timing

of the detected troponin elevation (i.e., troponin level

increases several hours after the initial cardiac injury).

Given how infrequently cardiac symptoms and ischemic

ECG changes are detected in patients suffering from

MINS, only a minority (41.8 %) of patients experiencing

MINS fulfill the universal definition of MI (Fig. 1), which

requires ischemic symptoms or ECG findings in addition to

an elevated troponin measurement. VISION established

that MINS events that do not fulfill the universal definition

of MI (i.e., 58.2 % of MINS patients) are not benign

events. These events have an adjusted hazard ratio of 3.3

for 30-day mortality.

Based on VISION analysis, patients suffering from

MINS have a 30-day mortality rate of 10 %, as opposed to

1 % in patients without MINS. Also, a multivariable ana-

lysis that took into account other perioperative complica-

tions suggests 34 % of the deaths during the first 30 days

after surgery were due to MINS. Further, MINS not only

increased 30-day mortality risk, but also impacted the

30-day risk of nonfatal cardiac arrest (odds ratio = 14.48),

congestive heart failure (odds ratio = 10.34), and stroke

(odds ratio = 4.66). Table 1 compares the incidence of

major postoperative vascular events between patients with

MINS and those without.

The VISION investigators have developed a scoring

system to predict 30-day mortality in patients suffering

from MINS. Multivariable analyses identified three inde-

pendent predictors of mortality among MINS patients:

age C 75 years (1 point), ST elevation or new left bundle

branch block (2 points), and an anterior ischemic electro-

cardiographic finding (1 point). Patients with a score of 0,

1, 2, 3, or 4 had an expected 30-day mortality rate of 5.2 %

(95 % CI, 3.3–7.4), 10.2 % (95 % CI, 6.5–11.9), 19.0 %

(95 % CI, 8.7–24.3), 32.5 % (95 %, 10.6–45.9), and

49.8 % (95 % CI, 12.0–65.5), respectively.

Based on these observations, we advocate assessing

surgical patients for the diagnosis of MINS given its

Fig. 1 Proportion of MINS

patients (41.8 %) fulfilling myo-

cardial infarction diagnostic cri-

teria. MINS myocardial injury

after noncardiac surgery, MI

myocardial infarction
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prognostic value. Although no randomized controlled trial

(RCT) has established an effective treatment for patients

suffering from MINS, the prognosis of these patients is

likely modifiable.

What Can We Do about Perioperative Myocardial

Ischemia

Although there is debate regarding the pathophysiology of

MINS [13], evidence suggests that at least a substantial

proportion of these events are due to coronary artery

thrombus formation [14]. Surgery creates an ideal milieu

for coronary thrombosis through many factors including

inflammation and a hypercoagulability state. Mechanical

tissue injury during surgery and the acute stress induce a

hypercoagulable-inflammatory state that increases the risk

of coronary thrombus formation [14]. Hypercoagulability

is further promoted by sympathetic hyperactivity associ-

ated with surgery, which causes upregulation of coagula-

tion and platelets and downregulation of fibrinolysis [15–

17]. Sympathetic activation leads to catecholamine release,

which is associated with an increase in coronary shear

stress. This may trigger plaque fissuring and acute coronary

thrombosis [18]. The risk of acute thrombosis is enhanced

in the presence of endothelial dysfunction associated with

coronary artery disease and in the presence of circulating

catecholamines that induce a paradoxical vasoconstriction

[18]. Inflammation associated with noncardiac surgery also

results in an increase in tumor necrosis factor a (TNF-a),

interleukin (IL)-6, and IL-8 [13]. These cytokines may

have a direct role in initiating plaque fissuring and acute

coronary thrombosis [13]. This evidence suggests that

antithrombotic and antiinflammatory medications may

benefit patients suffering from MINS.

Knowing this, it is also important to realize that patients

suffering from MINS are almost universally underdiag-

nosed and undertreated, despite having a poor prognosis

[10••, 19–22]. This difference in the intensity of treatment

is likely influenced by several factors including: (1) a

majority of patients suffering from MINS do not experi-

ence ischemic symptoms [10••, 23], potentially influencing

physicians’ perception of the severity of the event; (2) there

is debate about the pathophysiology of MINS [13]

(although emerging evidence does suggest that coronary

arterial thrombosis is an important mechanism of MINS)

[14]; (3) no RCT has evaluated an intervention to manage

MINS, and hence physicians are uncertain about the

risk:benefit ratio of potential interventions (e.g., interven-

tions that are effective in the management of nonoperative

MI) [14].

In patients suffering from MINS in the POISE trial,

some had an increase in their usage of cardiovascular

drugs compared to their preoperative usage, but at hos-

pital discharge only 65 % of patients were taking acetyl-

salicylic acid, 18 % were taking clopidogrel or ticlopi-

dine, 52 % were taking a statin, and 55 % were taking

an angiotensin-converting enzyme (ACE) inhibitor or an

angiotensin-receptor blocker [10••]. Full-dose anticoagu-

lation was also uncommon (11.8 %) among patients

suffering from MINS. Further, a minority of patients

suffering from MINS underwent coronary revasculariza-

tion (7.9 %).

Multivariable analyses among patients suffering from

MINS in the POISE Trial demonstrated that two drugs (i.e.,

ASA and a statin) were associated with a statistically sig-

nificant, risk-adjusted reduction in 30-day mortality.

Although these data are observational, several points sug-

gest there is a high likelihood that these drugs will benefit

patients suffering from MINS. First, there is overwhelming

evidence regarding the benefits of ASA and a statin in

secondary prevention including patients who have suffered

a nonoperative MI. Second, a majority of MINS patients

have atherosclerotic disease [24]. Third, it is usually the

recurrent cardiac event that happens in the weeks after a

MINS event that results in a patient’s demise, and it is

highly probable that these recurrent events are thrombotic

in nature.

Importantly, clinical trials are starting to evaluate

methods to improve the outcome of patients suffering from

MINS. One international trial (MANAGE) is currently

evaluating the impact of an anticoagulant (i.e., dabigatran

110 mg BID) versus placebo; using a partial factorial

design, this trial is also evaluating omeprazole 20 mg daily

versus a placebo. More trials are needed.

Table 1 30-day risk of major vascular events after suffering a MINS

[12••]

Outcomes Patients without

MINS, % (95 %

CI)

Patients who

suffered

MINS, % (95 % CI)

Nonfatal cardiac arrest 0.06 (0.03–0.12) 0.80 (0.46–1.54)

CHF 1.00 (0.84–1.17) 9.40 (7.85–11.20)

Stroke 0.40 (0.33–0.54) 1.90 (1.29–2.88)

Mortality 1.10 (1.06–1.24) 9.90 (8.24–11.62)

Composite major

outcomesa
2.40 (2.11–2.62) 18.80 (16.65–21.07)

CHF congestive heart failure, CI confidence intervals, MINS myo-

cardial injury after noncardiac surgery, % percentage
a Composite of major events = Composite of mortality, nonfatal

cardiac arrest, nonfatal stroke, and nonfatal congestive heart

failure
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Guidelines for Monitoring Troponins

In order to manage MINS, physicians must be able to

appropriately identify patients who have suffered MINS. In

most cases troponin elevation is in the only manifestation

of MINS. Therefore, without troponin monitoring, most of

these events would go undetected.

In line with this evidence, the Third Universal Definition of

Myocardial Infarction now recommends perioperative tro-

ponin monitoring after noncardiac surgery. This expert con-

sensus published by the ESC, ACC, AHA, and World Heart

Foundation (WHF) Joint Task Force recommends routine

monitoring of cardiac biomarkers in high-risk patients, both

prior to and 48–72 h after major surgery [4•, 5–7]

UpToDate also recommends troponin monitoring as

part of routine postoperative care for all patients at high

cardiac risk [25]. They define high risk as patients under-

going high-risk surgery who have one or more additional

risk factors on the revised cardiac risk index (i.e., history of

ischemic heart disease, heart failure, or cerebrovascular

disease, diabetes mellitus requiring treatment with insulin,

and preoperative serum creatinine [2.0 mg/dl). In these

high-risk patients, they suggest obtaining troponin at

6–12 h and days 1, 2, and 3 after surgery.

Conclusion

Myocardial injury is the most common major vascular

complication after noncardiac surgery, and perioperative

myocardial injury represents 15–20 % of all cases of MI in

all settings. Many patients sustain myocardial injury in the

perioperative period that will not satisfy the diagnostic

criteria for MI. Recent evidence supports the introduction

of a new diagnosis of MINS that may be useful to patients

and clinicians.

Patients suffering from MINS are two times more likely

to die within 30 days than those with nonoperative MI in

the emergency room; paradoxically, its treatment is less

intensive. This difference in the intensity of treatment is

likely influenced by several factors including that a

majority of patients suffering from MINS do not experi-

ence ischemic symptoms, potentially influencing physi-

cians’ perception of the severity of the event. In the POISE

cohort, only approximately half of the patients suffering

from MINS were prescribed cardioprotective medication at

discharge, including aspirin, a statin, and an ACE inhibitor.

Despite the suboptimal prescribing of these medications,

there is evidence that suggests aspirin and a statin are

beneficial and can reduce the 30-day risk of mortality in

patients who have suffered MINS.

Troponins are in many cases the only marker available

to help us identify and manage these patients. Given recent

evidence regarding the prognostic relevance of MINS and

the knowledge that a majority of patients don’t experience

ischemic symptoms, several guidelines now suggest post-

operative troponin monitoring. Given the magnitude of the

problem, we believe there is an urgent need for clinical

trials to identify effective therapies to improve the out-

comes of patients suffering from MINS.
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