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ore than 200 million patients worldwide un-

dergo major noncardiac surgery each year. Of

these, more than 10 million patients suffer a ma-

jor adverse cardiovascular event (MACE) within
30 days of surgery.! Elevated troponins after noncardiac sur-
gery have been associated with increased mortality, but the
management of these patients and the indications for screen-
ing remain unclear. The nomenclature around myocardial
injury also remains confusing. In this Progress Note, we aim
to define myocardial injury after noncardiac surgery (MINS)
and discuss the key questions on MINS and postoperative
troponin elevation.

A PubMed search for medical subject headings and the
terms “myocardial injury after noncardiac surgery,” “periop-
erative troponin,” and “postoperative troponin” restricted to
humans, English language, and published in the past 5 years
resulted in 144 articles. Articles most relevant to this prog-
ress note were included. Guidelines from major societies on
perioperative cardiovascular assessment and management
were also reviewed.

DEFINITION OF MYOCARDIAL INJURY

AND MINS

The Fourth Universal Definition of Myocardial Infarction (UDMI

4) defines myocardial injury as detection of an elevated car-

diac troponin above the 99th percentile upper reference limit

(URL).2 Different troponin assays are not comparable and in-

stitutions set their own thresholds for abnormal troponin. Per

UDMI 4, myocardial injury is classified as (Figure)**:

e Acute Myocardial Infarction (MI): This is defined as “detec-
tion of a rise and/or fall of cardiac troponin with =1 value
above the 99th percentile URL and 21 of the following: symp-
toms of acute myocardial ischemia, new ischemic electrocar-
diographic changes, development of pathological Q waves,
or imaging evidence of new loss of viable myocardium or
new regional wall motion abnormality in a pattern consistent
with an ischemic etiology.” If these patients have an acute
atherosclerotic plaque rupture, they are classified as Type 1
MI (T1MI), and if they have a mismatch between oxygen sup-
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ply/demand, they are classified as Type 2 MI (T2MI).

e Acute Nonischemic Myocardial Injury (NIMI): This is defined
as detection of both a rise and/or fall of cardiac troponin and
one or more cardiac troponin values above the 99th percen-
tile URL, but no overt clinical evidence of myocardial ischemia.

e Chronic Myocardial Injury: This is defined as one or more
cardiac troponin values above the 99th percentile URL but
without a rise and/or fall pattern.

MINS is defined as a rise and/or fall of cardiac biomarkers
of presumed ischemic etiology within 30 days of noncardiac
surgery that may occur with or without the clinical criteria nec-
essary to fulfill the universal definition of Ml (Figure).>®

EPIDEMIOLOGY AND OUTCOMES

A meta-analysis of 169 studies reported the overall incidence
of MINS to be 17.9%; the incidence was 19.6% when system-
atic troponin screening was done versus 9.9% when troponins
were ordered selectively based on the clinical context.®

That meta-analysis found that patients with MINS were
more likely to be older, male, undergoing nonelective surger-
ies, and have hypertension, coronary artery disease (CAD),
prior M, heart failure, or kidney disease.® Intraoperative hy-
potension (defined as systolic blood pressure <100 mm Hg or
mean arterial pressure <55 mm Hg for up to 5 minutes or <60
mm Hg for 30 minutes or more) and intraoperative tachycar-
dia (defined as heart rate >100 beats per minute) have been
associated with MINS.5? The relationship between anesthesia
type and MINS is uncertain.

MINS is associated with an increased risk of 30-day mortality,
nonfatal cardiac arrest, heart failure, and stroke. In the Vascu-
lar Events In Noncardiac Surgery Patients Cohort Evaluation
(VISION) studies, the majority of patients did not have ischemic
symptoms.®” In this study, 30-day mortality rates were 8.5% to
13.5% in patients with ischemic symptoms or electrocardio-
graphic changes and 2.9% to 7.7% in patients with asymptom-
atic troponin elevations. Among the patients without MINS,
30-day mortality was 0.6% to 1.1%. Higher levels of cardiac
troponin were associated with higher mortality rates and short-
er time to death.

SCREENING GUIDELINES

The recommendations for perioperative screening for MINS vary
from society to society. Although MINS is associated with worse
outcomes, and most patients with MINS are asymptomatic,
perioperative screening for MINS in the absence of clinical signs
or symptoms is currently not recommended by the American Col-
lege of Cardiology/American Heart Association (ACC/AHA).™
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Elevated cardiac troponin above the 99th percentile upper reference limit

Myocardial injury

Acute myocardial injury

With rise and/or fall
of cardiac troponin

Chronic myocardial injury

Without rise and/or fall
of cardiac troponin

Acute myocardial infarction

With clinically overt myocardial ischemia

Acute nonischemic myocardial injury (NIMI)
Without clinically overt myocardial ischemia

Eg, caused by pulmonary embolism, myocarditis,
chest compression, pulmonary hypertension, rhabdomyolysis,
cardiac procedures except revascularization,
subarachnoid hemorrhage

Type 1 myocardial infarction (T1MI) caused by
atherosclerotic plagque rupture. Includes ST elevation
myocardial infarction (STEMI) and nonST elevation
myocardial infarction (NSTEMI)

Type 2 myocardial infarction (T2MI) due to
mismatch in oxygen supply/demand (eg, caused by
| tachy- or bradyarrhythmias, hypertensive emergency,
shock, critical illness, severe anemia,

hypoxic respiratory failure)

FIG. Definitions and Classification of Myocardial Injury

ACC/AHA

“The usefulness of postoperative screening with troponin levels
in patients at high risk for perioperative M, but without signs
or symptoms suggestive of myocardial ischemia or M, is uncer-
tain in the absence of established risks and benefits of a defined
management strategy (Class llb; level of evidence [LOE]-B).""°

European Society of Cardiology

“Measurement of B-type natriuretic peptides (BNP) and
high-sensitivity troponins (hsTn) after surgery may be consid-
ered in high-risk patients to improve risk stratification (Class
llb; LOE-B). Preoperatively and postoperatively, patients who
could most benefit from BNP or hsTn measurements are
those with metabolic equivalents (METs) <4 or those with a
revised cardiac risk index (RCRI) score >1 for vascular surgery
and >2 for nonvascular surgery. Postoperatively, patients with
a surgical Apgar score <7 should also be monitored with BNP
or hsTn to detect complications early, independent of their
RCRI values.”™
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Myocardial injury after noncardiac surgery (MINS)

* Defined as rise and/or fall in cardiac biomarkers within
30 days of noncardiac surgery with or without the clinical
criteria to fulfill the universal definition of MI. Studies have
not used use 99th percentile upper reference limit as the
cutoff to define myocardial injury in this setting.

The Vascular events In noncardiac Surgery patlents

cOhort evaluatioN (VISION) investigators defined MINS

as troponin elevation within 30 days of noncardiac surgery
and did not include patients clinically adjudicated to clearly
have a nonischemic etiology for troponin elevation.

Perioperative myocardial injury has also been defined as
an absolute increase in troponin value (compared with the
preoperative value) within 7 days of noncardiac surgery
(or between two postoperative troponin values if the
preoperative troponin was not measured).

Canadian Cardiovascular Society
“We recommend obtaining daily troponins for 48-72 hours af-
ter noncardiac surgery in patients with a baseline risk of >5%
for cardiovascular death or nonfatal Ml at 30 days after surgery
(i.e., patients with an elevated N-terminal-proBNP (NT-proB-
NP)/BNP before surgery or, if there is no NT-proBNP/BNP be-
fore surgery, in those who have an RCRI score >1, age 45-64
years with significant cardiovascular disease, or age 265 years)
(Strong recommendation; Moderate quality evidence).

"

MANAGEMENT OF MINS

Currently, evidence-based therapies are well established only
for TIMIL. However, it is often challenging to differentiate
T1MI from other causes of troponin elevation in the periop-
erative setting in which anesthesia, sedation, or analgesia
may mask ischemic symptoms that typically prompt further
investigation. While peak troponin levels may be higher in
T1MI than they are in T2MI, the initial or delta change in the
troponin may provide poor discrimination between T1MI and
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T2MI.2 Management is complicated not only by the uncer-
tainty about the underlying diagnosis (T1MI, T2MlI, or NIMI)
but also by the heterogeneity in the underlying pathophysi-
ology of troponin elevation in patients with T2MI and NIMI.
Patients with T2MI are generally sicker and have higher mor-
tality than patients with T1MI, and management typically in-
volves treating the underlying reason for oxygen supply/de-
mand mismatch. Mortality in T2MI is more commonly caused
by noncardiovascular causes, but underlying CAD is an inde-
pendent predictor of cardiovascular death or recurrent Ml in
these patients.

The MANAGE trial (Management of Myocardial Injury After
Noncardiac Surgery) had several methodological limitations
to inform clinical practice but showed potential benefit of
dabigatran in patients with MINS."? In this trial, patients on
dabigatran had significantly lower rates of the primary effica-
cy outcome (composite of vascular mortality and nonfatal Ml,
nonhemorrhagic stroke, peripheral arterial thrombosis, am-
putation, and symptomatic venous thromboembolism) with-
out a significant increase in life-threatening, major, or critical
organ bleeding. Of the secondary efficacy outcomes, only
nonhemorrhagic stroke was significantly reduced with dab-
igatran, but the event rate was low. In the subgroup analysis,
patients randomized to dabigatran within 5 days of MINS and
those meeting the criteria for Ml had significantly lower rates
of the primary efficacy outcome.

Patients with T2MI with known CAD may benefit from
long-term risk reduction strategies for secondary preven-
tion. There are no definitive management strategies in the
literature for T2MI with unknown or no CAD. The SWEDE-
HEART registry (Swedish Web-System for Enhancement and
Development of Evidence-Based Care in Heart Disease Eval-
uated According to Recommended Therapy) enrolled 9,136
patients with MI with nonobstructive coronary arteries (M-
NOCA).”® Though MINOCA may include T1MI patients, the
majority of these patients are classified as T2MI under UDMI
4. Therefore, it has been proposed that data from this registry
may inform management on T2ML.'* Data from this registry
showed that statins and angiotensin-converting enzyme in-
hibitors or angiotensin Il receptor blockers were associated
with lower incidence of MACE over a mean follow-up of 4.1
years. Dual-antiplatelet therapy or beta blockers did not sig-
nificantly lower the incidence of MACE." In another study as-
sessing 2-year mortality in patients with T2MI, beta blockers
were beneficial.”®

KEY QUESTIONS AND RECOMMENDATIONS

Who should be screened?

Screening can be performed if further risk stratification of high-
risk patients or patients with poor functional status is desired.
European Society of Cardiology and Canadian Cardiovascular
Society guidelines provide guidance on the screening criteria.
Troponin elevation in a low-risk group is associated with a low
mortality rate, and many of these troponin elevations may be
secondary to causes other than myocardial ischemia.
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How should screening be conducted?

If planning to obtain postoperative troponins, then preopera-
tive troponin should be obtained because 35% of the patients
may have a chronic troponin elevation.

What is the risk if postoperative troponin screening
is not performed?

Most patients with MINS are asymptomatic. Systematic screen-
ing with troponins (compared with selective screening based
on clinical signs or symptoms) can detect T1MI that would oth-
erwise remain occult and undiagnosed.

What is the risk if postoperative troponin screening
is performed?

Detecting asymptomatic troponin elevations could lead to po-
tentially harmful treatments (eg, increased risk of bleeding with
antithrombotics in the postoperative setting, increased use of
cardiac angiography, or addition of new medications such as
statins and beta-blockers in the postoperative setting with the
potential for adverse effects).

How should MINS be documented?

ST-elevation and non-ST elevation Ml (STEMI and NSTEMI)
should be reserved for TIMI only. T1MI should be document-
ed when acute plaque rupture is strongly suspected. T2MI
should be documented when oxygen supply/demand mis-
match is strongly suspected as the etiology of acute Ml (eg,
T2MI secondary to tachyarrhythmia, hypertensive emergency,
or septic shock). Documenting as “demand ischemia” or “un-
likely acute coronary syndrome” for T2MI or NIMI should be
avoided. Troponin elevations not meeting the criteria for acute
Ml should be documented as “non-Ml troponin elevation” (eg,
non-MI troponin elevation secondary to chronic kidney dis-
ease or left ventricular hypertrophy). Terms like “troponinitis”
or "troponinemia” should be avoided.?

Can MINS be prevented?

There are no well-defined strategies for prevention of MINS,
but cardiovascular risk factors should be optimized preoper-
atively for all patients. In a meta-analysis, preoperative aspi-
rin was not associated with reduced incidence of MINS, and
the role of preoperative statins remains speculative; howev-
er, nonacute initiation of beta-blockers preoperatively was
associated with a lower incidence of MINS.> Withholding
angiotensin-converting enzyme inhibitors or angiotensin |l
receptor blockers in the 24 hours prior to surgery has been
associated with a lower incidence of MINS. Intraoperative hy-
potension or tachycardia should be avoided.

CONCLUSION

While MINS has been associated with increased 30-day mor-
tality, there are currently no definitive evidence-based man-
agement strategies for these patients. Institutions should
consider creating decision-support tools if considering
screening for MINS based on patient- and surgery-specific
risk factors.
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