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Troponin elevation
after noncardiac surgery:
Significance and management
ABSTRACT
How to interpret and manage troponin elevations after
noncardiac surgery is a common clinical question for cardiologists and internists. An estimated 5% to 25% of patients
who undergo noncardiac surgery have an elevated postoperative troponin level. Patients with troponin elevation are
at higher short-term and long-term risk of morbidity and
mortality. Current guidelines provide few recommendations
on how to manage these patients. The authors review the
evidence and guidelines and propose treatment strategies.

KEY POINTS
Cardiovascular events are a major cause of morbidity and
mortality in patients undergoing noncardiac surgery and
occur frequently, especially in high-risk patients.
Myocardial injury or infarction after noncardiac surgery
heightens the short- and long-term risk of mortality and
major adverse cardiac events.
The dominant mechanism of myocardial injury after noncardiac surgery remains uncertain.
In the absence of therapies proven to affect the outcome,
the benefit of screening to identify these patients remains
uncertain.
Clinical trials are under way to help clinicians provide
optimal care to this at-risk population.
*Dr. Menon has disclosed that he has received a research grant from Astra Zeneca to conduct the
INTREPID study.
doi:10.3949/ccjm.82a.15076

ore than 200 million patients undergo
M
noncardiac surgery each year, and the
volume is increasing. Cardiovascular com1

plications are a major cause of morbidity and
mortality in the perioperative period.

See related editorial, page 603

Before the advent of modern cardiac biomarkers, an estimated 2% to 3% of all patients
undergoing noncardiac surgery had a major
adverse cardiac event.2 However, more recent
studies suggest that 5% to 25% of patients
have troponin elevations after noncardiac surgery, depending on the patient population,3–6
and many are asymptomatic, suggesting that
many patients are sustaining undetected myocardial injury. Those who suffer a myocardial
infarction or myocardial injury have elevated
morbidity and mortality rates, not only perioperatively, but also at 30 days and even at up to
1 year.3–5,7–11
Yet there are almost no data on how best
to manage these patients; the available guidelines, therefore, do not provide sufficient recommendations for clinical practice.
To address the lack of guidelines, we examine the incidence and proposed mechanisms
of myocardial injury after noncardiac surgery,
suggest an approach to identifying patients
at risk, recommend treatment strategies, and
consider future directions.
■■ CARDIAC BIOMARKERS
When cardiac cellular injury from ischemia,
direct trauma, or other cause disrupts the
cell membrane, intracellular contents enter
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FIGURE 1. Time of release of selected cardiac biomarkers
after myocardial infarction.
Reprinted from Kumar A, Cannon CP. Acute coronary syndromes: diagnosis and management, part I. Mayo Clin Proc 2009; 84:917–938, with permission from Elsevier; http://www.
journals.elsevier.com/mayo-clinic-proceedings/

Troponin
assays are not
standardized,
so levels
from different
laboratories
cannot be
compared
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the extracellular space, including the blood
stream. If the myocyte damage is extensive
enough, biochemical assays can detect these
substances.
Troponin, creatine kinase, myoglobin, and
lactate dehydrogenase are common biomarkers of necrosis that, when detected in the plasma, may indicate cardiac injury. Each can be
detected at varying times after cardiac injury
(Figure 1).12
Cardiac troponins I and T
Of the biomarkers, cardiac troponin I and cardiac troponin T are now the most widely used
and are the most specific for myocyte injury.
Troponins are proteins that regulate the
calcium-induced interaction between myosin
and actin that results in muscle contraction.
Troponin is a complex consisting of three subunits: troponin C, troponin I, and troponin
T. The cardiac troponin I and T isoforms are
distinct from those found in skeletal muscle,
making them specific for myocyte injury, and
they are currently the recommended markers
for diagnosing acute myocardial infarction.13
The troponin immunoassays currently

available are not standardized among laboratories and point-of-care methods, and thus,
levels cannot be compared across testing
centers.14 Each assay has unique performance
characteristics, but guidelines recommend using the 99th percentile value from a normal
reference population for a given assay to define whether myocardial injury is present.13
Troponin elevation has prognostic value in
patients presenting with acute coronary syndromes,15–18 and the degree of elevation correlates with infarct size.19–21
Controversy exists as to whether troponin
and other biomarkers are released only after
myocardial necrosis or after reversible injury
as well. Using newer, highly sensitive assays,
troponin elevations have been detected after
short periods of ischemia during stress testing22,23 and in patients with stable angina,24
suggesting that reversible cardiac stress and injury can lead to troponin release. This mechanism may play an important role during the
myocardial injury that can occur in patients
undergoing noncardiac surgery.
■■ MYOCARDIAL INFARCTION
VS MYOCARDIAL INJURY
In 2000, the Joint Task Force of the European
Society of Cardiology, American College of
Cardiology Foundation, American Heart Association, and World Heart Federation revised
the criteria for the diagnosis of myocardial infarction created by the World Health Organization in 1979. The definition was revised
again in 2007 and once more in 2012 to create
the third universal definition of myocardial
infarction.
Acute myocardial infarction
Acute myocardial infarction is defined as evidence of myocardial necrosis in a setting of
myocardial ischemia, not related to causes
such as trauma or pulmonary embolism, with
a rise or a fall (or a rise and a fall) of cardiac
biomarkers (at least one value being above the
99th percentile in the reference population)
and any of the following:
• Symptoms of ischemia
• New ST-segment changes or new left bundle branch block
• Pathologic Q waves
• Imaging evidence of new loss of viable
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myocardium or new regional wall-motion
abnormality
• Intracoronary thrombus by angiography or
autopsy.13
Myocardial injury after noncardiac surgery
Studies10,11 have shown that many patients undergoing noncardiac surgery have evidence of
cardiac biomarker release but do not meet the
universal definition of myocardial infarction.
The Perioperative Ischemic Evaluation
(POISE) trial10 reported that 415 (5%) of its
patients met the definition of myocardial infarction, of whom only about 35% had symptoms
of ischemia. Another 697 patients (8.3%) had
isolated elevations in biomarkers without meeting the definition of myocardial infarction.
The VISION study11 (Vascular Events in
Noncardiac Surgery Patients Cohort Evaluation) prospectively screened more than
15,000 patients in several countries for troponin elevation during the first 3 postoperative
days and for ischemic symptoms and features.
Of the patients screened, approximately 1,200
(8%) had troponin elevations, with fewer
than half fulfilling the criteria for myocardial
infarction.
In another study, van Waes et al6 prospectively screened 2,232 patients ages 60 and
older undergoing intermediate- to high-risk
noncardiac surgery. Troponin levels were elevated in 19% of the patients, but only 10 of
these patients met the universal definition of
myocardial infarction.
In all of these studies, patients with isolated elevation in myocardial biomarkers had
worse short-term and long-term outcomes
than those without. These observations led
to a proposed definition of “myocardial injury
after noncardiac surgery” that is broader than
that of myocardial infarction and requires
only elevation of cardiac biomarkers judged to
be due to myocardial ischemia (ie, not from
another obvious cause such as pulmonary embolism or myocarditis).3
■■ FIVE TYPES OF MYOCARDIAL INFARCTION
The Joint Task Force13 categorizes myocardial
infarction into five distinct types:
• Type 1—due to plaque rupture
• Type 2—due to imbalance between oxygen supply and demand

• Type 3—sudden cardiac death
• Type 4a—associated with percutaneous
coronary intervention
• Type 4b—associated with stent thrombosis
• Type 5—associated with coronary artery
bypass surgery.
Types 1 and 2 have both been implicated
in perioperative myocardial infarction and injury. Patient characteristics and the physiologic response to surgical and anesthetic stressors
likely contribute to the development of myocardial infarction and injury after noncardiac
surgery.
Plaque rupture as a cause of postoperative
myocardial infarction
The mechanism of type 1 myocardial infarction—plaque rupture or erosion leading to
thrombosis and infarction—plays a significant role in most cases of acute coronary syndromes. Its role in perioperative and postoperative myocardial infarction or injury, however,
is less clear.
In an autopsy study of 26 patients who
died of myocardial infarction after noncardiac surgery, plaque rupture was evident in 12
(46%).25 A prospective angiographic study of
120 patients with acute coronary syndromes
after noncardiac surgery found that nearly
50% had evidence of plaque rupture.26
Higher levels of catecholamines, cortisol,27,28 platelet reactivity,29 procoagulant factors,30 and coronary artery shear stress31 are
all present in the postoperative period and
may contribute to an increased propensity for
plaque rupture or erosion. Whether plaque
rupture is present in patients who have isolated troponin elevation but do not meet the
criteria for myocardial infarction has not been
investigated.

Is troponin
released only
after necrosis,
or also after
reversible
injury?

Oxygen supply-demand imbalance
during and after surgery
Oxygen supply-demand imbalance (the mechanism in type 2 myocardial infarction) leading
to myocyte stress, ischemia, and subsequent
infarction is likely common in the perioperative and postoperative periods. As previously
discussed, this imbalance may be present with
or without symptoms.
Oxygen demand may increase in this period as a result of tachycardia32 caused by
bleeding, pain, and catecholamines or in-
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creased wall stress from hypertension due to
vasoconstriction or pain.33 Oxygen supply can
be decreased secondary to tachycardia, anemia,34 hypotension, hypoxemia, hypercarbia,
intravascular fluid shifts (bleeding or volume
overload), or coronary vasoconstriction.33,35
These mechanisms of myocardial injury,
infarction, or both can occur with or without
underlying significant obstructive coronary artery disease. However, severe coronary artery
disease is more common in those who have
had a perioperative myocardial infarction.36
■■ POSTOPERATIVE TROPONIN ELEVATION
CARRIES A WORSE PROGNOSIS

‘Myocardial
injury after
noncardiac
surgery’
requires
only troponin
elevation
for diagnosis

Patients who suffer a myocardial infarction
after noncardiac surgery have worse shortand long-term outcomes than their counterparts.4,5,7, 8,10,33 In the POISE trial,10 the 30-day
mortality rate was 11.6% in those who had
had a perioperative myocardial infarction,
compared with 2.2% in those who did not (P
< .001). The patients who had had a myocardial infarction were also more likely to have
nonfatal cardiac arrest, coronary revascularization, and congestive heart failure.
Myocardial injury not fulfilling the criteria
for myocardial infarction after noncardiac surgery is also associated with worse short-term
and long-term outcomes.3,6,10,11,37,38 POISE
patients with isolated elevations in cardiac
biomarkers had a higher 30-day risk of coronary revascularization and nonfatal arrest.10
In the VISION trial, an elevation in troponin
was the strongest predictor of death within 30
days after noncardiac surgery. This analysis
also showed that the higher the peak troponin value, the greater the risk of death and the
shorter the median time until death.11
A meta-analysis of 14 studies in 3,139 patients found that elevated troponin after noncardiac surgery was an independent predictor
of death within 1 year (odds ratio [OR] 6.7,
95% confidence interval [CI] 4.1–10.9) and
beyond 1 year (OR 1.8, 95% CI 1.4–2.3).37
■■ SHOULD SCREENING BE ROUTINE
AFTER NONCARDIAC SURGERY?
Since patients suffering myocardial infarction
or injury after noncardiac surgery have a worse
prognosis, many experts advocate routinely
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screening all high-risk patients and those undergoing moderate- to high-risk surgery. Many
tools exist to determine which patients undergoing noncardiac surgery are at high risk of
cardiac complications.
The revised Goldman Cardiac Risk Index is commonly used and well validated.
Variables in this index that predict major cardiac complications are:
• High-risk surgery (vascular surgery, orthopedic surgery, and intraperitoneal or intrathoracic surgery)
• History of ischemic heart disease
• History of congestive heart failure
• History of cerebrovascular disease
• Diabetes requiring insulin therapy
• Chronic kidney disease with a creatinine
> 2.0 mg/dL.
The more of these variables that are present, the higher the risk of perioperative cardiac events2,4:
• No risk factors: 0.4% risk (95% CI 0.1–0.8)
• One risk factor: 1.0% risk (95% CI 0.5–
1.4)
• Two risk factors: 2.4% risk (95% CI 1.3–3.5)
• Three or more risk factors: 5.4% risk (95%
CI 2.7–7.9).
Current guidelines from the American
College of Cardiology and the American Heart
Association give a class I recommendation
(the highest) for measuring troponin levels
after noncardiac surgery in patients who have
symptoms or signs suggesting myocardial ischemia. They give a class IIb recommendation
(usefulness is less well established) for screening those at high risk but without symptoms or
signs of ischemia, despite the previously cited
evidence that patients with troponin elevation
are at increased risk. The IIb recommendation
is due to a lack of validated treatment strategies to modify and attenuate the recognized
risk with troponin elevation in this setting.39
■■ LITTLE EVIDENCE TO GUIDE TREATMENT
In current practice, internists and cardiologists are often asked to consult on patients
with troponin elevations noted after noncardiac surgery. Although published and ongoing
studies examine strategies to prevent cardiovascular events during noncardiac surgery, we
lack data on managing the cases of myocardial
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Postoperative troponin elevation
ST-segment elevation
myocardial infarction

Primary percutaneous coronary intervention
(unless contraindications exist)

Non–ST-segment elevation
myocardial infarction
Type 1 (spontaneous, ie, due to
plaque rupture and thrombosis)

Early invasive strategy (strongly consider
if ischemic risk outweighs bleeding risk)
Medical management
Control blood pressure,a heart rate, and chest pain
Consider:
Aspirinb
P2Y12 inhibitorb
Heparin dripb
Beta-blockerc
Atorvastatin 80 mg

Type 2 (due to supply-demand
imbalance)

Asymptomatic troponin elevation
(myocardial injury during
noncardiac surgery)

Other cause

Medical management
Correct supply-demand imbalance if possible (eg,
correction of anemia with transfusion, pain control,
oxygen)
Medical management
Control blood pressurea and heart rate
Consider aspirinb
Consider statin
Consider the following for risk stratification:
Cardiac enzyme trends until falling
Lipid panel
Hemoglobin A1c
Echocardiography
Functional stress test
Evaluation can be inpatient or outpatient
Identify and treat underlying cause, eg:
Myocarditis
Pulmonary embolism
Renal disease
Baseline troponin elevation

Ultimately,
treatment
decisions
should be
tailored to
the individual
patient

Goal blood pressure should be 110–140/70–90 mm Hg.
Consider only if ischemic risk outweighs bleeding risk; decision should be made jointly with surgeon.
c
Goal heart rate 50–70 beats per minute, if blood pressure is tolerated, and there is no concern for depressed left ventricular ejection
fraction or cardiogenic shock.
a

b

FIGURE 2. Proposed treatment algorithm for patients with postoperative troponin
elevation after noncardiac surgery.

infarction and injury that actually occur after
noncardiac surgery.
When managing a patient who has a troponin elevation after surgery, many clinical
factors must be weighed, including hemody-

namic and clinical stability and risk of bleeding. Confronted with ST-segment elevation
myocardial infarction or high-risk non–STsegment elevation myocardial infarction,
most clinicians would favor an early invasive
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INTREPID study design

Patients with troponin levels
> 2 times the upper limit of normal
during clinical postoperative care following
noncardiac surgery

Patients with cardiac risk factors (eg, known coronary
artery disease, diabetes mellitus, peripheral arterial disease,
current tobacco use, combination of hypertension, hyperlipidemia, renal insufficiency, former tobacco use) undergoing
noncardiac surgery
Screening troponin level 24–72 hours after surgery
> 2 times the upper limit of normal

Enrollment in study
Randomization
Aspirin 81 mg twice a day

Ticagrelor 90 mg twice a day
12-month follow-up
Primary outcomes
Major adverse cardiac event
(cardiovascular death, nonfatal myocardial infarction,
coronary artery revascularization, nonfatal stroke)
Time to cardiovascular event
Safety outcomes
Bleeding according to Bleeding Academic Research
Consortium definition (Circulation 2011; 123:2736–2747)

INTREPID will
enroll about
INTREPID: Study of Ticagrelor Versus Aspirin Treatment in Patients With Myocardial Injury Post Major Non-Cardiac Surgery (ClinicalTrial.
gov Identifier NCT02291419).
1,000 patients
with troponin
FIGURE 3
levels > 2 times
the upper limit reperfusion strategy in accordance with guide- 12 months 40(hazard ratio [HR] 2.80, 95% CI
lines on managing acute coronary syndrome.
1.05–24.2).
of normal
In those with asymptomatic myocardial
Fibrinolytic drugs for ST-segment elevation
myocardial infarction are likely to be contraindicated in the postoperative period because
they pose an unacceptable risk of bleeding.
Guideline-directed medical therapies for
those suffering perioperative myocardial infarction may lower the risk of future cardiovascular events, as suggested by a retrospective
study of 66 patients diagnosed with perioperative myocardial infarction after vascular
surgery.40 Those in whom medical therapy
for coronary artery disease was not intensified—defined as adding or increasing the dose
of antiplatelet agent, statin, beta-blocker, or
angiotensin-converting enzyme inhibitor—
had higher rates of cardiovascular events at
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infarction or isolated elevation in cardiac biomarkers, no treatment strategies have been
assessed prospectively or in randomized trials.
However, statins and aspirin have been suggested as providing some benefit. In a substudy
of the POISE trial, the use of aspirin was associated with a 46% reduction in the 30-day
mortality rate in those suffering a perioperative myocardial infarction, and statins were
associated with a 76% reduction.10 In a singlecenter retrospective analysis of 337 patients
undergoing moderate- to high-risk vascular
surgery, statin therapy was associated with a
lower 1-year mortality rate (OR 0.63, 95% CI
0.40–0.98).38
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We propose a treatment algorithm for
patients identified as having cardiovascular
events after noncardiac surgery (Figure 2),
based on current evidence and guidelines.
Ultimately, treatment decisions should be tailored to the individual patient. Discussion of
the risks and benefits of therapeutic options
should include the patient and surgeon.
Ongoing and future trials
Ongoing and future trials are aimed at addressing definitive treatment strategies in this
patient population.
The MANAGE trial (Management of
Myocardial Injury After Non-cardiac Surgery Trial) is randomizing patients suffering
myocardial injury after noncardiac surgery to

receive either dabigatran and omeprazole or
placebo to assess the efficacy of these agents in
preventing major adverse cardiac events and
the safety of anticoagulation (ClinicalTrials.
gov Identifier: NCT01661101).
The INTREPID trial (Study of Ticagrelor Versus Aspirin Treatment in Patients With
Myocardial Injury Post Major Non-Cardiac
Surgery) will assess the efficacy and safety of
ticagrelor treatment compared with aspirin in
a similar population (ClinicalTrial.gov Identifier: NCT02291419). The trial will enroll approximately 1,000 patients identified as having
a postoperative troponin elevation more than
two times the upper limit of normal of the assay during the index hospitalization (Figure 3).
Enrollment was to have begun in mid-2015. ■

■■ REFERENCES

1. 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.
2. 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.
3. 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 30day outcomes. Anesthesiology 2014; 120:564–578.
4. Devereaux PJ, Goldman L, Cook DJ, 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.
CMAJ 2005; 173:627–634.
5. McFalls EO, Ward HB, Moritz TE, et al. Predictors and outcomes of
a perioperative myocardial infarction following elective vascular
surgery in patients with documented coronary artery disease: results
of the CARP trial. Eur Heart J 2008; 29:394–401.
6. 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.
7. Badner NH, Knill RL, Brown JE, Novick TV, Gelb AW. Myocardial infarction after noncardiac surgery. Anesthesiology 1998; 88:572–578.
8. Kim LJ, Martinez EA, Faraday N, et al. Cardiac troponin I predicts
short-term mortality in vascular surgery patients. Circulation 2002;
106:2366–2371.
9. Landesberg G, Shatz V, Akopnik I, et al. Association of cardiac
troponin, CK-MB, and postoperative myocardial ischemia with longterm survival after major vascular surgery. J Am Coll Cardiol 2003;
42:1547–1554.
10. Devereaux PJ, Xavier D, Pogue J, et al. Characteristics and shortterm prognosis of perioperative myocardial infarction in patients
undergoing noncardiac surgery: a cohort study. Ann Intern Med
2011; 154:523–528.
11. 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.
12. Kumar A, Cannon CP. Acute coronary syndromes: diagnosis and
management, part I. Mayo Clin Proc 2009; 84:917–938.
13. Thygesen K, Alpert JS, Jaffe AS, et al. Third universal definition of
myocardial infarction. Circulation 2012; 126:2020–2035.
14. Apple FS, Quist HE, Doyle PJ, Otto AP, Murakami MM. Plasma 99th

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

percentile reference limits for cardiac troponin and creatine kinase
MB mass for use with European Society of Cardiology/American
College of Cardiology consensus recommendations. Clin Chem 2003;
49:1331–1336.
Ottani F, Galvani M, Nicolini FA, et al. Elevated cardiac troponin
levels predict the risk of adverse outcome in patients with acute
coronary syndromes. Am Heart J 2000; 140:917–927.
Ohman EM, Armstrong PW, White HD, et al. Risk stratification
with a point-of-care cardiac troponin T test in acute myocardial
infarction. GUSTO III investigators. Global Use of Strategies to Open
Occluded Coronary Arteries. Am J Cardiol 1999; 84:1281–1286.
deFilippi CR, Tocchi M, Parmar RJ, et al. Cardiac troponin T in chest
pain unit patients without ischemic electrocardiographic changes:
angiographic correlates and long-term clinical outcomes. J Am Coll
Cardiol 2000; 35:1827–1834.
Heidenreich PA, Alloggiamento T, Melsop K, McDonald KM, Go AS,
Hlatky MA. The prognostic value of troponin in patients with nonST elevation acute coronary syndromes: a meta-analysis. J Am Coll
Cardiol 2001; 38:478–485.
Steen H, Giannitsis E, Futterer S, Merten C, Juenger C, Katus HA.
Cardiac troponin T at 96 hours after acute myocardial infarction
correlates with infarct size and cardiac function. J Am Coll Cardiol
2006; 48:2192–2194.
Licka M, Zimmermann R, Zehelein J, Dengler TJ, Katus HA, Kubler
W. Troponin T concentrations 72 hours after myocardial infarction
as a serological estimate of infarct size. Heart 2002; 87:520–524.
Vasile VC, Babuin L, Giannitsis E, Katus HA, Jaffe AS. Relationship of
MRI-determined infarct size and cTnI measurements in patients with
ST-elevation myocardial infarction. Clin Chem 2008; 54:617–619.
Sabatine MS, Morrow DA, de Lemos JA, Jarolim P, Braunwald E.
Detection of acute changes in circulating troponin in the setting of
transient stress test-induced myocardial ischaemia using an ultrasensitive assay: results from TIMI 35. Eur Heart J 2009; 30:162–169.
Siriwardena M, Campbell V, Richards AM, Pemberton CJ. Cardiac
biomarker responses to dobutamine stress echocardiography in
healthy volunteers and patients with coronary artery disease. Clin
Chem 2012; 58:1492–1494.
Turer AT, Addo TA, Martin JL, et al. Myocardial ischemia induced by
rapid atrial pacing causes troponin T release detectable by a highly
sensitive assay: insights from a coronary sinus sampling study. J Am
Coll Cardiol 2011; 57:2398–2405.
Cohen MC, Aretz TH. Histological analysis of coronary artery lesions
in fatal postoperative myocardial infarction. Cardiovasc Pathol 1999;
8:133–139.
Gualandro DM, Campos CA, Calderaro D, et al. Coronary plaque

C L E V E L A N D C L I N I C J O U R N A L O F M E D I C I N E   V O L U M E 8 2 • N U M B E R 9   S E P T E M B E R 2 0 1 5

Downloaded from www.ccjm.org on January 20, 2022. For personal use only. All other uses require permission.

601

TROPONIN ELEVATION AFTER NONCARDIAC SURGERY

27.
28.

29.

30.

31.

32.

33.
34.

602

rupture in patients with myocardial infarction after noncardiac surgery: frequent and dangerous. Atherosclerosis 2012; 222:191–195.
Sametz W, Metzler H, Gries M, et al. Perioperative catecholamine
changes in cardiac risk patients. Eur J Clin Invest 1999; 29:582–587.
Frank SM, Higgins MS, Breslow MJ, et al. The catecholamine, cortisol, and hemodynamic responses to mild perioperative hypothermia. A randomized clinical trial. Anesthesiology 1995; 82:83–93.
Rosenfeld BA, Faraday N, Campbell D, et al. Perioperative platelet
reactivity and the effects of clonidine. Anesthesiology 1993;
79:255–261.
Lison S, Weiss G, Spannagl M, Heindl B. Postoperative changes in
procoagulant factors after major surgery. Blood Coagul Fibrinolysis
2011; 22:190–196.
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.
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:I344–I-349.
Landesberg G. The pathophysiology of perioperative myocardial infarction: facts and perspectives. J Cardiothorac Vasc Anesth 2003; 17:90–100.
Nelson AH, Fleisher LA, Rosenbaum SH. Relationship between
postoperative anemia and cardiac morbidity in high-risk vascular
patients in the intensive care unit. Crit Care Med 1993; 21:860–866.

35. Landesberg G, Beattie WS, Mosseri M, Jaffe AS, Alpert JS. Perioperative myocardial infarction. Circulation 2009; 119:2936–2944.
36. 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.
37. 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.
38. Garcia S, Marston N, Sandoval Y, et al. Prognostic value of 12-lead
electrocardiogram and peak troponin I level after vascular surgery. J
Vasc Surg 2013; 57:166–172.
39. 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.
40. 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.
ADDRESS: Samuel Horr, MD, Department of Cardiology,
Cleveland Clinic, 9500 Euclid Avenue, Cleveland, OH 44195;
e-mail: horrs@ccf.org

C L E V E L A N D C L I N I C J O U R N A L O F M E D I C I N E   V O L U M E 8 2 • N U M B E R 9   S E P T E M B E R 2 0 1 5

Downloaded from www.ccjm.org on January 20, 2022. For personal use only. All other uses require permission.

