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Management of Perioperative
Myocardial Infarction in Noncardiac
Surgical Patients*

Adebola O. Adesanya, MBBS, FCCP; James A. de Lemos, MD;
Nancy B. Greilich, MD; and Charles W. Whitten, MD

Perioperative myocardial infarction (PMI) is a major cause of morbidity and mortality in patients
undergoing noncardiac surgery. The incidence of PMI varies depending on the method used for
diagnosis and is likely to increase as the population ages. Studies have examined different
methods for prevention of myocardial infarction (MI), including the use of perioperative
�-blockers, �2-agonists, and statin therapy. However, few studies have focused on the treatment
of PMI. Current therapy for acute MI generally involves anticoagulation and antiplatelet therapy,
raising the potential for surgical site hemorrhage in this population. This article reviews the
possible mechanisms, diagnosis, and treatment options for MI in the surgical setting. We also
suggest algorithms for treatment. (CHEST 2006; 130:584–596)

Key words: anticoagulation; myocardial ischemia; noncardiac surgery; percutaneous coronary intervention; perioper-
ative myocardial infarction; platelet inhibitors

Abbreviations: ACC � American College of Cardiology; ACE � angiotensin-converting enzyme; AHA � American
Heart Association; CABG � coronary artery bypass grafting; CAD � coronary artery disease; CHF � congestive heart
failure; CK-MB � creatinine kinase-MB; HMG-CoA � hydroxy-3-methylglutaryl coenzyme A; IABP � intra-aortic
balloon pump; LMWH � low-molecular-weight heparin; MI � myocardial infarction; NSTEMI � non–ST-segment
elevation myocardial infarction; PCI � percutaneous coronary intervention; PMI � perioperative myocardial infarction;
STEMI � ST-segment elevation myocardial infarction; UFH � unfractionated heparin

Learning Objectives: 1. Understand what risk factors are useful in assessing risk for perioperative myocardial
infarction. 2. Understand the diagnostic criteria for myocardial infarction and how those criteria may be altered in the
perioperative setting. 3. Understand therapeutic options for perioperative myocardial infarction.

The Clinical Problem

A pproximately 30 million surgeries are performed
annually in the United States. One million of

these patients have known coronary artery disease
(CAD), and an additional 2 to 3 million are at risk for
CAD. The patients with CAD and those at risk for
CAD have higher rates of perioperative myocardial

infarction (PMI), cardiac death, and other morbidity
related to ischemic heart disease. Mortality from
myocardial infarction (MI) after noncardiac surgery
is believed to be 10 to 15%,1 similar to that in
nonsurgical patients. This is in contrast to older
studies2,3 that indicate higher mortality in postsurgi-
cal patients.

Many recent studies, reviews, and guidelines have
focused on the prevention of myocardial ischemia
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literature on the management of postoperative MI
once it has occurred is limited. No randomized
controlled trials addressing the management of MI
in the postoperative period exist, hence the need to
extrapolate management strategies from existing
studies.

Incidence

The incidence of PMI is expected to increase as
the population ages and more complex operations
are performed on high-risk patients. In a prospective
cohort study of men undergoing noncardiac surgery,
Ashton et al4 found that patients with coronary
disease (high-risk stratum) had a 4.1% incidence of
MI, patients with peripheral vascular disease but no
evidence of coronary disease (intermediate-risk stra-
tum) had a 0.8% incidence, and patients with high
atherogenic risk factor profiles but no clinical ath-
erosclerosis (low-risk stratum) had a 0% incidence.
Factors independently associated with MI included
age � 75 years, signs of heart failure on the preop-
erative examination, evidence of CAD, and a
planned vascular operation.

Eagle et al5 reviewed patients enrolled in the
Coronary Artery Surgery Study registry who then
underwent noncardiac surgery. Patients with medi-

For instructions on attaining CME credit, see
page A-85

cally treated CAD undergoing major surgery (ab-
dominal, thoracic, and head and neck) had a PMI
rate of 2.7% and an overall death rate of 3.3%. This
compared to rates of 0.8% and 1%, respectively, in
patients undergoing similar surgery who did not have
CAD. Cardiac complications and PMI occurred
more commonly in patients undergoing major vas-
cular surgery. However, since major vascular surgery
makes up only a small percentage of all surgeries,
most patients who present with PMI are likely to be
undergoing another type of surgery.

Based on the available literature,3–8 the incidence
of PMI in low-risk patients without a history of CAD
undergoing noncardiac surgery is 1 to 3% but up to
38% in some studies6–10 of high-risk patients with a
history of CAD. The reported incidence is depen-
dent on the sensitivity and specificity of the method
of diagnosis, which varies widely in published stud-
ies. In addition, since most PMIs are silent,3,4,9,10 the
true incidence of PMI may be underestimated.

Risk Factors

Major abdominal, thoracic, and head and neck
surgeries are associated with a high risk of cardiovas-

cular complications.5 In particular, patients undergo-
ing vascular surgical procedures are at especially
high risk for PMI.4,11 The risk factors for CAD and
vascular disease overlap, and these patients also have
a higher prevalence of asymptomatic coronary
disease.11

Sprung et al12 identified 107 patients from the
Cleveland Clinic Vascular Surgery Registry in whom
PMI developed during hospitalization for a vascular
surgery procedure. The variables found to be asso-
ciated with an increased risk of cardiac death in
multivariate analysis were recent congestive heart
failure (CHF) and increased intraoperative use of
blood. Landesberg et al9 found the presence of
postoperative “long-duration” ST-segment depres-
sion (single duration � 20 to 30 min or cumulative
duration � 1 to 2 h) to be associated with adverse
cardiac outcome. Short-duration ST-segment de-
pression (� 10 min) was not associated with cardio-
vascular complications. Diehl et al13 also found that
increased perioperative blood loss and transfusion
during vascular surgery cases were associated with a
higher incidence of postoperative complications and
death. In the case of low-risk patients, Barone et al14

found intraoperative hypotension as the only signif-
icant factor associated with an elevated risk of PMI
and death. In summary, the combined data suggest
that the risks for postoperative MI are as follows: (1)
poor preoperative cardiac status (CAD, history of
CHF); (2) postoperative hypotension; (3) new (long-
duration) intraoperative ST-T changes; and (4) in-
creased intraoperative blood loss and transfusion.

Patients scheduled to undergo noncardiac surgery
should undergo a comprehensive risk assessment to
stratify them into low-risk and high-risk groups. The
American College of Cardiology (ACC) and Ameri-
can Heart Association (AHA) have published prac-
tice guidelines15 that recommend assessment of co-
morbidities and exercise tolerance, as well as the
type of surgery to be performed, to determine the
overall risk of perioperative cardiac complications.
Patients who have undergone a revascularization
procedure within the previous 5 years and are
asymptomatic, as well as those who have undergone
adequate noninvasive testing with favorable results
within the preceding 2 years, are deemed at low risk
and may proceed to surgery.

There is growing evidence indicating that patients
who have recently undergone coronary revascular-
ization with PCI and stent implantation may be at
increased risk of perioperative in-stent thrombosis
and MI.16,17 The ACC/AHA guidelines15 recom-
mend a delay of at least 2 weeks and ideally 4 to 6
weeks between implantation of a bare metal stent
and noncardiac surgery to reduce the risk of PMI.
This allows for 4 full weeks of dual-antiplatelet
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therapy during stent re-endothelialization and 2
weeks for the antiplatelet effect to dissipate. The risk
period for in-stent thrombosis may be further ex-
tended in patients implanted with a drug-eluting
stent, since the drug that prevents neointimal prolif-
eration delays in-stent endothelialization. We recom-
mend delaying elective surgery for 3 months follow-
ing a sirolimus-eluting stent and 6 months following
a paclitaxol-eluting stent to allow administration of
the full recommended treatment courses of aspirin
and clopidogrel to prevent stent thrombosis. In some
circumstances, it may be preferable to place a bare
metal stent, or perform balloon angioplasty without
stenting, when surgery is anticipated in the near
future.

Mechanisms

The risk of perioperative MI peaks within the first
3 postoperative days,1–3 a period of time when
patients begin to mobilize fluids administered in the
operating room, and a time when the thrombotic risk
may be most pronounced. Surgery is accompanied
by a catecholamine surge that is exacerbated by
postoperative pain.18 Subsequent increases in heart
rate and BP can lead to a diffuse myocardial oxygen
supply/demand mismatch in the postoperative pa-
tient.19,20

More recently, Badner et al1 found that PMI
occurred earlier than previously thought, with most
events occurring on the day of surgery or the day
after surgery. They also confirmed previous findings
that PMI is most often silent4,9,10 and of the non–
ST-segment elevation type.6,9

Compared to nonoperative MI, the pathophysiol-
ogy and mechanisms underlying PMI are less well
understood. Nonoperative MIs are thought to occur
from the rupture of a “vulnerable” atherosclerotic
plaque due to shear forces from within the lumen of
the vessel or from inflammatory processes within the
plaque itself. A vulnerable plaque is one with a large
inner lipid core consisting of thrombogenic lipids
and macrophages covered by a thin fibrous cap,
which often shows signs of inflammation at the
shoulder region. Disruption of the fibrous cap leads
to local platelet aggregation and thrombosis, which
can lead to interruption of coronary blood flow and
myocardial ischemia. Prolonged and severe ischemia
may then progress to myocardial necrosis and clini-
cally evident infarction. The pathophysiologic events
described above are thought to cause the entire
spectrum of acute coronary syndromes (unstable
angina, non–ST-segment elevation MI [NSTEMI],
and ST-segment elevation MI [STEMI]); the indi-
vidual presentation (which includes asymptomatic

plaque rupture) is determined by the severity of
blood flow limitation due to thrombus and the
presence of adequate collateral circulation to the
affected myocardium. STEMI results when com-
plete thrombotic occlusion of an epicardial coronary
artery occurs and there is poor collateral flow to the
affected myocardial territory. The severity of stenosis
diagnosed at coronary angiography does not predict
which coronary vessel will develop plaque rupture
and thus be the “culprit” vessel during MI.21,22 In
fact, less severe occlusions and less mature coronary
plaques are the ones most likely to rupture and cause
acute MI.23 This is probably because of the inability
of angiography to identify and distinguish unstable
plaques from critical but stable coronary stenosis.

With regard to PMI, the mechanism of ischemia
and infarction is not as well understood but is
thought to be similar to nonoperative MI. Increases
in sympathetic discharge19,20 with accompanying el-
evation of heart rate and BP as well as the proco-
agulant postoperative environment24 may promote
plaque rupture and coronary thrombosis.

Ischemia begins in most patients at the end of
surgery and during emergence from anesthesia. It
usually manifests as ST-segment depression on con-
tinuous ECG monitoring.6,9 The ST-segment de-
pression is preceded by an increase in heart rate,
which may not exceed 90 to 100 beats/min and may
resolve even if untreated.6 Patients with prolonged
ST-segment depression often have biochemical evi-
dence of PMI in the form of increased cardiac
troponin levels.6 The majority of PMIs are silent,
showing no signs or symptoms, and can be com-
pletely overlooked if serum troponin levels are not
measured and continuous ECG with trend analysis is
not performed. The events described above may lead
one to believe that PMI is most likely due to
prolonged stress-related ischemia (manifesting as
ST-segment depression on ECG) rather than plaque
rupture. However, it is not known whether stress
induced ischemia alone or in combination with
plaque rupture is responsible for PMI.

In the case of fatal PMI, Dawood et al25 found
evidence of plaque disruption in 55% and plaque
hemorrhage in 45% of 42 heart specimens at au-
topsy. The degree of coronary artery stenosis did not
predict infarct territory in more than half of the
patients. Cohen and Aretz26 also found that plaque
rupture was associated with 46% of fatal PMI at
autopsy. Intracoronary thrombus was observed in
35% of patients, and 31% had the thrombus at the
site of plaque rupture. From existing autopsy stud-
ies,25,26 approximately one half of the patients who
die after PMI do not have evidence of plaque
rupture or thrombosis in their coronary arteries even
when they have extensive CAD. Cardiac death oc-
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curred in these patients in the early postoperative
period (days 1 to 3)26 when postoperative ischemia
peaks.9 In the other half in whom plaque rupture or
coronary thrombosis was detected, cardiac death had
no correlation to the end of surgery.26

In summary, coronary plaque rupture with throm-
bosis is an important etiologic mechanism of postop-
erative MI. It is very likely that PMI also results from
prolonged ischemia (manifested as ST-segment de-
pression on the ECG) in the presence of severe but
stable CAD. This would explain the outcome bene-
fits of perioperative �-blockade.27–29 Prolonged isch-
emia and coronary plaque rupture are not likely
mutually exclusive in any given patient.

Diagnosis

The World Health Organization criteria for MI in
nonsurgical patients require that at least two of the
following three conditions be met: history of isch-
emic-type chest pain, serial ECG changes, and ele-
vated serum cardiac markers. A joint task force30 of
the ACC and European Society of Cardiology rec-
ommended that the definition of MI be broadened
to include all patients who have elevation in cardiac
biomarkers above the decision limit in the context of
a clinical presentation consistent with acute ischemic
heart disease. The diagnosis of PMI is more difficult
because of the low incidence of chest pain.1–4 Pain,
if present, is often masked by analgesia and residual
anesthetics. The initial ECG findings in nonsurgical
patients after MI are diagnostic in 50% of cases,
abnormal but not diagnostic in 40%, and normal in
10%.31

Martinez et al32 also found that routine ICU
monitoring with a five-electrode/two-lead ECG with
ST-segment trending detected ischemia in only 3%
of high-risk postoperative patients when compared
to the 12-lead ECG. The majority of ischemic events
occurred in leads V2, V3, and V4, and not in the more
commonly monitored leads II and V5. Preexisting
abnormalities such as left bundle-branch block, left
ventricular hypertrophy with strain, paced rhythm,
and digitalis effect can make the ECG difficult to
interpret. Nonspecific ST-segment changes due to a
variety of clinical conditions such as pericarditis or
chest trauma can also complicate ECG interpreta-
tion. Postoperative MI is therefore often diagnosed
using biomarkers. Creatinine kinase-MB (CK-MB)
has traditionally been the marker of choice. It has a
sensitivity of 77 to 92% in nonsurgical patients and
60 to 75% in surgical patients, and a specificity of
100% in nonsurgical and 80 to 95% in surgical
patients.30,33

Troponin T and troponin I are newer cardiac

biological markers that are rapidly released into the
circulation after myocyte injury. They have nearly
absolute myocardial tissue specificity, as well as high
sensitivity,34–36 and are now the biomarkers of choice
to detect myocardial injury. An increased value for
cardiac troponin is defined as a measurement ex-
ceeding the 99 percentile of a reference control
group and is determined by each laboratory. Tropo-
nin values, however, have a low sensitivity in the
early phase of MI, raising the possibility of underdi-
agnosis in early MI. Simultaneous measurement of
biomarkers with higher sensitivity in early MI (CK-
MB, myoglobin) can help clarify the diagnosis. To
date, there are no definitive criteria or guidelines for
the diagnosis of MI in the surgical setting. Figure 1
shows the timing of release of various biomarkers
following acute, ischemic MI.

Cardiac troponin values may remain elevated for
10 to 14 days after myocardial necrosis. When the
duration of troponin elevation is unclear, measure-
ment of early release biomarkers (increased in blood
within 6 h after onset of myocardial ischemia) such as
CK-MB or myoglobin can indicate if troponin eleva-
tion is due to new-onset ischemia.36,37 While tropo-
nin elevation is indicative of myocardial necrosis, it
does not imply an ischemic etiology of myocardial
injury. Indeed, other causes of cardiac injury includ-
ing CHF,38 pulmonary embolism,39 and sepsis40 are
commonly associated with troponin elevation. These
situations may present similarly to PMI, and thus
additional testing may be required with echocardi-
ography and/or CT angiography. Table 1 illustrates
different techniques that can be used to diagnose MI
in the postoperative patient.

Figure 1. Timing of release of various biomarkers following
acute, ischemic MI (AMI). Peak A indicates early release of
myoglobin or CK-MB isoforms after acute MI. Peak B indicates
cardiac troponin after acute MI. Peak C indicates CK-MB after
acute MI. Peak D indicates cardiac troponin after unstable
angina. Data are plotted on a relative scale, where 1.0 is set at the
acute MI cutoff concentration. Reproduced with permission
from Wu et al.34
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For patients suspected of having myocardial isch-
emia or MI, blood should be obtained for measure-
ment of biomarkers immediately and serially through
6 to 9 h.37,42 Along with other clinical factors such as
left ventricular function, the degree of biomarker
elevation is related to clinical risk.6,43 Biomarkers
have also been shown to be independent predictors
of outcome after noncardiac surgery even when the
diagnostic criteria for MI are not met.29,42,43 In
patients with known or suspected CAD who are
undergoing high-risk procedures, ACC/European
Society of Cardiology joint guidelines recommend
obtaining ECGs at baseline, immediately after sur-
gery, and on the first 2 days following surgery.
Cardiac biomarkers are used for high-risk patients
and those with clinical, ECG, or hemodynamic
evidence of cardiovascular dysfunction.44

Therapeutic Strategies

For the purpose of treatment, PMI can be cate-
gorized into NSTEMI and STEMI as is done in the
nonsurgical setting. Most patients with PMI have
NSTEMI manifesting as ST-segment depression on
the ECG.4,6,9,19

Generally, the initial treatment of NSTEMI in the
nonperioperative setting includes medical stabiliza-
tion and risk stratification, whereas STEMI requires
acute reperfusion therapy with fibrinolytic agents or
percutaneous coronary intervention (PCI). Fibrino-
lytic therapy is not currently recommended in
NSTEMI and in fact may be detrimental.44 The
treatment options for PMI are limited by the risk of
surgical site bleeding in the early postoperative
period.

Risk Stratification in ACS

Risk stratification plays a critical role in identifying
patients at risk for PMI. The discussion of preoper-
ative risk assessment is beyond the scope of this
review but is covered in the updated ACC/AHA
guidelines15 for preoperative cardiovascular evalua-

tion for noncardiac surgery. Risk stratification also
plays a key role in selecting the intensity and type of
therapy for patients with NSTEMI. In the nonop-
erative setting, simple tools such as cardiac troponin,
ECG changes, and clinical scoring systems incorpo-
rating clinical variables with ECG findings and car-
diac biomarker results are used to categorize patients
into those at high risk vs low risk of death and
recurrent ischemic complications.45,46 This informa-
tion is used to select candidates for aggressive anti-
platelet and antithrombotic therapies, as well as for
coronary angiography and revascularization. Table 2
shows characteristics of patients with NSTEMI who
should be considered to be at high risk.

A clear benefit of early angiography and PCI,
when needed, has been reported in high-risk groups.
In contrast, little benefit has been observed for
routine coronary angiography and revascularization
in low-risk groups.48,49

Other markers of severe underlying disease such
as history of known CAD, previous MI, prior PCI or
coronary artery bypass grafting (CABG), CHF, pul-
monary edema, new mitral regurgitation murmur,
elevated inflammatory markers (ie, C-reactive pro-
tein, fibrinogen, interleukin-6), B-type natriuretic
protein, or N-terminal prohormone of B-type natri-
uretic hormone in upper quartiles, and renal insuf-
ficiency might also be helpful for risk assessment in
NSTEMI.50,51

Table 2—Characteristics of Patients With
Nonoperative NSTEMI at Acute High Risk for Rapid

Progression to MI or Death Who Should Undergo
Coronary Angiography Within 48 h*

Recurrent resting pain
Dynamic ST-segment changes: ST-segment depression � 0.1 mV

or transient (� 30 min) ST-segment elevation � 0.1 mV
Elevated troponin-I, troponin-T, or CK-MB levels
Hemodynamic instability within the observation period
Major arrhythmias (ventricular tachycardia, ventricular fibrillation)
Early postinfarction unstable angina

*Adapted from Silber et al.47

Table 1—Diagnosis of MI by Different Techniques*

Variables Factors

Pathology Myocardial cell death
Biochemistry Markers of myocardial cell death recovered from blood samples (CK-MB, myoglobin, troponin T,

or troponin I)
ECG Evidence of myocardial ischemia; � 1 mm of ST-segment elevation in more than two contiguous

leads; ST-segment depression; T-wave inversion; evidence of new Q waves
Imaging (two-dimensional

echocardiogram)
Cardiac wall motion abnormalities

*Modified from Alpert et al.41
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The application of these risk stratification tools to
patient management in the perioperative setting is
challenging because limited data are available in
perioperative patients and the bleeding risk associ-
ated with aggressive antiplatelet and antithrombotic
therapies (which are required with PCI) is increased.
Thus, in the perioperative setting, a more conserva-
tive approach is recommended, with urgent angiog-
raphy and PCI reserved for patients with STEMI or
those with NSTEMI who are at very high risk or
hemodynamically unstable. Figures 2, 3 illustrate the
suggested algorithm for management of periopera-
tive NSTEMI and STEMI.

Medical Therapy

Medical therapy in the postoperative patient with
MI consists of aggressive pain control, �-blockade,
antiplatelet therapy, and anticoagulants (if not con-
traindicated) [Table 3].

Antiplatelet Therapy

Antiplatelet therapy is achieved principally by
means of aspirin, which should be administered (325
mg, chewed) as soon as MI is suspected. Aspirin
inhibits platelet aggregation and has been shown to
improve outcomes when administered early.52–56 As-

Figure 2. Suggested algorithm for management of perioperative NSTEMI. *Initial medical manage-
ment includes morphine sulfate, oxygen, nitroglycerin, aspirin with or without UFH if bleeding risk is
acceptable. **High-risk features include major arrhythmias (ventricular tachycardia, ventricular
fibrillation), dynamic ST-segment depression in multiple leads, an ECG pattern that precludes
assessment of ST-segment changes, evidence of severe CHF, or left ventricular dysfunction. Refractory
ischemia is ischemia unresponsive to medical management.
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pirin, however, is a weak antiplatelet agent because it
inhibits only one of the pathways (thromboxane A2)
leading to platelet aggregation.

Other platelet inhibitors include the thienopyridines

ticlopidine and clopidogrel, agents that block adenosine
diphosphate-mediated platelet aggregation. Because of
its preferable side effect and safety profile, clopidogrel
has completely replaced ticlopidine for all clinical indi-

Table 3—Medical Therapy for AMI

Medications Dosage Goals of Treatment

Aspirin 325 mg po Inhibition of platelet aggregation and activation
Morphine sulfate 2 to 5 mg IV; repeat as needed Pain control
Nitroglycerin infusion 50 �g/min IV; titrate upwards as mean arterial

pressure tolerates
Pain elimination, ST-segment normalization

ß-Adrenergic blockade Heart rate � 70 beats/min while maintaining mean
arterial pressure � 75 mm Hg; pain resolution; ST-
segment normalization

Metoprolol 1 to 5 mg IV; incrementally repeat as needed up to
15 mg total dose

Esmolol 10 to 50 mg IV bolus; infusion up to 200 �g/kg/min

ACE inhibitors Improve long-term and short-term outcomes
Captopril 6.25 to 12.5 mg po q8h; increase cautiously to avoid

hypotension
Ramipril 2.5 to 5 mg po bid

Figure 3. Suggested algorithm for management of perioperative STEMI. �Clopidogrel should not be
administered if CABG is planned within 5 days. ��Medical management includes morphine sulfate,
oxygen, nitroglycerin, and aspirin.
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cations. Clinical trials57,58 have demonstrated a small
reduction in stroke, MI, or vascular death with clopi-
dogrel when compared to aspirin. Clopidogrel can be
used as an alternative to aspirin in patients with aspirin
allergy or intolerance but is primarily used in combi-
nation with aspirin in patients with acute coronary
syndrome and those who have recently had an intra-
coronary stent placed. When administered in combina-
tion with aspirin, clopidogrel increases the relative risk
for major perioperative bleeding by approximately
50%44,57,58 and should be discontinued at least 5 days
before elective surgical procedures. However, the ab-
solute risk for hemorrhage remains low, and urgent or
emergent surgery should not be delayed because a
patient is receiving clopidogrel and aspirin. Glycopro-
tein IIb/IIIa platelet receptor antagonists interfere with
the glycoprotein IIb/IIIa platelet receptor that is in-
volved in the final common pathway in platelet aggre-
gation. These agents include the chimeric monoclonal
antibody abciximab and the nonantibody agents tirofi-
ban and eptifibatide. IV use of these agents produces a
high degree of inhibition of platelet aggregation, which
is most beneficial in the setting of PCI. The increased
risk of major bleeding with these agents precludes their
use in the perioperative setting except in rare circum-
stances.

Anticoagulants

Acute MI is known to be associated with increased
thrombin activity.44,59,60 Plaque instability and rup-
ture result in tissue factor expression leading to
thrombin generation.59,60 Thus, fibrinolytic and an-
tiplatelet therapy could be combined with anticoag-
ulant or antithrombin therapy. Unfractionated hep-
arin (UFH) is an indirect thrombin inhibitor and
works only after binding to antithrombin III. It is
frequently used to treat patients with MI. Low-
molecular-weight heparins (LMWHs) also activate
antithrombin III but have greater activity against
Factor Xa. They have predictable kinetics, can be
administered by twice-daily subcutaneous injections,
and do not require monitoring of the partial throm-
boplastin time at subsequent dosage adjustment.
These pharmacologic properties offer advantages for
their use in clinical practice, but the long half-life is
a disadvantage in the early perioperative setting
when bleeding risks are highest.

In a meta-analysis,61 the use of enoxaparin
(LMWH) resulted in a 20% reduction in the com-
bined end point of death and MI when compared to
UFH. The reduction in the combined end points
achieved statistical significance at day 8 and persisted
through days 14 and 43 after treatment. Minor
hemorrhage was clearly increased in patients treated
with enoxaparin.

In the nonoperative setting, either IV UFH or
subcutaneous LMWH are routinely administered in
combination with aspirin.62,63 In the operative set-
ting, IV UFH is indicated if the suspicion of plaque
rupture is high and the bleeding risks are acceptable
based on the type of operation. For example, even
small amounts of bleeding may be unacceptable in
neurosurgical procedures. In contrast, with surgery
involving the limbs, bleeding may be easily identified
and controlled so that the tolerance for anticoagula-
tion may be higher. Extremity fascial compartment
pressures may need to be monitored to avoid com-
partment syndromes. Following major body cavity
procedures, there are usually concerns about occult
bleeding that may be difficult to diagnose.

LMWH is preferred61,63 in conservatively man-
aged patients with nonoperative MI, provided renal
insufficiency is not present. In the postoperative
patient with MI, however, UFH is the anticoagulant
of choice for both conservative management and
PCI due to its easy reversibility with protamine if
needed.

Pain Relief

Pain, if present, should be treated with opioid
analgesics. IV morphine is preferred due to its
preload-reducing properties. The ultimate goal of
therapy is to eliminate ischemia. In addition to
making patients more comfortable, pain relief may
reduce the outpouring of catecholamines character-
istic of the early stages of acute MI and thereby
reduce myocardial oxygen consumption.

Nitroglycerin can also be added for pain relief.
Nitrates cause nonendothelium-dependent coronary
vasodilatation, reduced cardiac preload (venodilata-
tion), and enhanced perfusion of ischemic myocar-
dial zones. Two large studies64,65 found no survival
benefit for nitrates, either early or at 1-year follow-
up. Thus, the use of nitrates is probably optional in
patients without evidence of ongoing ischemia. For
patients with symptomatic ischemia, however, IV
nitroglycerin may be very effective.

�-Adrenergic Blockade

IV �-blockers are indicated in the acute phase of
MI unless there are major contraindications such as
significant bradycardia (heart rate � 50 beats/min),
decompensated CHF (rales over one half of lung
fields), or severe COPD. Beneficial mechanisms may
include reduced myocardial oxygen consumption,
antagonism of arrhythmogenic and toxic biochemical
effects of catecholamines, and direct reduction of
ventricular fibrillation threshold.

Pooled data from 28 trials of �-adrenergic recep-
tor blockers revealed that the average mortality rate
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decrease was 28% at 1 week, and that the most
benefit was obtained in the first 48 h; reinfarction
was reduced an average of 18%, and cardiac arrest
was reduced 15%.66 Early IV �-blockers followed by
oral administration should be given to the majority of
patients with MI who do not have overt CHF or
shock at hospital admission.66,67 When left ventricu-
lar dysfunction is present, a short-acting �-adrener-
gic receptor blocker such as esmolol can be tried and
then discontinued if hypotension or increased pul-
monary congestion occurs.

Calcium-channel blockers should not be substi-
tuted for �-blockers. Most studies of calcium-chan-
nel entry blockers have failed to demonstrate any
definite survival benefit, and some have shown an
increased risk of death.68,69 The lack of benefit is
probably related to the negative inotropic action of
the calcium-channel blockers, with an adverse effect
in patients with left ventricular failure.

Angiotensin-Converting Enzyme Inhibitors

Angiotensin-converting enzyme (ACE) inhibitors
are an important adjunctive therapy in acute infarc-
tion. The mechanism by which these agents act to
reduce mortality remains unclear. Several trials70–75

have demonstrated a clinically and statistically signif-
icant reduction in mortality.

It is reasonable to initiate therapy with ACE
inhibitors within the first 48 h in the absence of
contraindications and then discontinue the therapy
in patients who do not have high-risk characteristics
such as left ventricular ejection fraction � 45% with
clinical evidence of heart failure, significant mitral
regurgitation, or hypertension. Treatment should be
initiated orally with low doses of any ACE inhibitor.
Captopril has the shortest half-life; overdosing and
inadvertent hypotension may be most easily correct-
able if it is used initially. If hypotension results from
the early administration of ACE inhibitors, short-
term mortality may be increased.76 In the Heart
Outcomes Prevention Evaluation trial,76 the magni-
tude of benefit of ramipril was comparable to that
observed with other secondary prevention measures,
such as �-blockers, aspirin, and lipid-lowering
agents.

Lipid-Lowering Agents

Survivors of acute coronary syndromes who were
discharged receiving statin (hydroxy-3-methylglu-
taryl coenzyme A [HMG-CoA] reductase inhibitors)
treatment had a reduced mortality at 6 months and 1
year.77,78 In the Myocardial Ischemia Reduction
With Aggressive Cholesterol Lowering study,77 statin
therapy was associated with a significant reduction in
the composite end point of death, nonfatal myocar-

dial reinfarction, and cardiac arrest with resuscitation
or recurrent symptomatic myocardial ischemia. If
statins are withdrawn after admission for an acute
coronary syndrome, mortality rates and nonfatal
reinfarction increase compared with patients who
continue to receive them, and tend to be higher
when compared with patients who never received
statins at all.78

Other Therapies

Combining medical therapy with an intra-aortic
balloon pump (IABP) is an option that can be
considered in patients refractory to medical therapy
and in the setting of ischemic cardiogenic shock.
Intra-aortic balloon counterpulsation increases coro-
nary blood flow by raising diastolic BP. In addition, it
reduces left ventricular stroke work by decreasing
systemic afterload.

In nonsurgical patients, treatment with an IABP
has been shown to increase early and late coronary
artery patency rates when treatment with thrombo-
lytic therapy has not recanalized the infarct-related
artery.79,80 Other data also suggest that IABP therapy
results in early recovery of left ventricular func-
tion81,82 and improved survival in patients presenting
with ischemic cardiogenic shock treated with throm-
bolytic therapy.83

The ACC/AHA guidelines for the management of
patients with STEMI56 recommend that intra-aortic
balloon counterpulsation be used in the following:
(1) patients with refractory hypotension (systolic BP
� 90 mm Hg or 30 mm Hg below baseline mean
arterial pressure); (2) patients with low cardiac out-
put state; and (3) patients with recurrent ischemic-
type chest discomfort and a potentially large area of
myocardium at risk already receiving medical ther-
apy. Patients with refractory polymorphic ventricular
tachycardia or refractory pulmonary congestion may
also benefit from intra-aortic balloon counterpulsa-
tion.

Urgent cardiac catheterization is recommended
for patients with NSTEMI in whom ischemic signs
and symptoms cannot be controlled with medical
therapy, or those in whom ischemia leads to hemo-
dynamic compromise. In addition, patients with
heart failure or ventricular arrhythmias following an
ischemic episode are at particularly high risk and
should be considered for cardiac catheterization
prior to discharge.

Acute Reperfusion Therapy

In the case of STEMI, although fibrinolytic ther-
apy is normally indicated for patients with a diagnosis
within 12 h of presentation in the nonoperative
setting,52–55 it is a poor reperfusion choice after
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noncardiac surgery due to the risk for severe bleeding.
Other reperfusion treatment involves coronary angiog-
raphy and direct PCI. Primary PCI is known to reduce
mortality from MI and compares favorably with fibrino-
lytic therapy in MI unrelated to surgery.59 In the setting
of perioperative STEMI, primary PCI would be the
reperfusion modality of choice, due to its lower risk for
major hemorrhage. Berger et al60 identified 48 patients
at the Mayo Clinic between 1990 and 1998 who
underwent coronary angiography for acute MI within 7
days after noncardiac surgery; 33 of the patients had
STEMI (75%) and 15 had NSTEMI (25%) with ongo-
ing chest pain or hemodynamic instability. Of 48
patients, 41 underwent angioplasty, 3 were referred for
bypass surgery, and 1 was treated with intracoronary
fibrinolytic therapy after unsuccessful angioplasty. The
survival rate was 65% in this series (31 of 48 patients).
The survival of 11 of 21 patients with cardiogenic shock
and 9 of 12 patients with cardiac arrest was superior
when compared to the outcome of patients not receiv-
ing reperfusion therapy. None of the patients had
surgical site bleeding in the catheterization laboratory.
Based on their study, the patients with PMI most likely
to benefit from a strategy of immediate PCI or bypass
surgery were those with acute thrombotic coronary
occlusion reflected by a sudden onset of symptoms and
significant ST-segment elevation on the ECG.

There are no prospective randomized studies di-
rected at postoperative patients with MI. In fact,
patients who have recently undergone surgical pro-
cedures have generally been excluded from all the
major trials of fibrinolytic therapy because of the
high risk of bleeding at the surgical site. The most
important finding of the study by Berger et al60 is
that immediate coronary angiography and direct
angioplasty, if appropriate anatomy is present, is
feasible and appears to be safe in selected patients
with MI early after noncardiac surgery. Cardiogenic
shock and severe coronary disease are common in
such patients. PCI involves balloon dilatation (angio-
plasty) of the culprit coronary vessel with or without
stent placement. Postmortem observations and an-
gioscopy suggest that balloon angioplasty very often
leads to rupture of the obstructing plaque and vessel
wall dissection followed by mural thrombus forma-
tion. This can lead to abrupt vessel closure during or
shortly after balloon angioplasty in 2 to 5% of
patients.84,85 Abrupt closure may result in MI (10 to
35%) and death (2 to 5%) despite urgent reinterven-
tion. Stents are placed in the majority of PCI
procedures, partly because they are very effective in
avoiding vessel closure.86,87 However, stenting is
associated with a unique and devastating complica-
tion, namely (sub)acute thrombosis, which occurs in
1 to 4% of procedures.87,88 Unfortunately, the ma-
jority of patients who have this complication suffer

from MI and/or die,79,80 hence the need for dual-
antiplatelet therapy with aspirin and clopidogrel to
prevent thrombotic complications after PCI.

The dilemma in treating postoperative MI lies in the
fact that virtually all treatment strategies require some
form of anticoagulation, which may lead to excessive
surgical site bleeding and hematoma formation. As
discussed above, medical therapy with or without fi-
brinolytic therapy usually requires the administration of
IV heparin in addition to analgesics, aspirin, �-blockers,
and nitrates. In NSTEMI, the addition of clopidogrel
(adenosine diphosphate receptor antagonist) is also
recommended unless there is a need for urgent CABG,
or if there is a high bleeding risk.42 The administration
of a platelet glycoprotein IIB/IIIA inhibitor may be
warranted in cases of ongoing ischemia with elevated
cardiac troponin levels.44 Coronary angiography and
angioplasty with or without stent placement also re-
quires infusion of heparin and often platelet glycopro-
tein IIb/IIIa receptor inhibitors followed by clopi-
dogrel. The decision to administer anticoagulant and
antiplatelet medications should be made in conjunction
with the operating surgeon and cardiologist. The man-
agement of surgical patients who acquire PMI but
require absolute hemostasis such as neurosurgical pa-
tients depends on whether the benefits of reperfusion
outweigh bleeding risks.

Follow-up Care of Patients After PMI

Care of patients after PMI is more conservative than
in the nonoperative setting, where cardiac catheteriza-
tion and coronary revascularization are increasingly
used in clinical practice. It is not uncommon to detect
cardiac enzyme elevation after noncardiac surgery in
patients with a low suspicion of cardiac ischemia. In
such patients, it is reasonable to treat medically (non-
invasively) and to defer definitive evaluation89 in stable
patients until 4 to 6 weeks after surgery. Typically,
noninvasive stress testing is used for risk stratification in
most patients, but cardiac catheterization is recom-
mended for high-risk patients. At the time of discharge,
most patients with PMI should be treated with aspi-
rin,90 a �-blocker,91 a statin agent (HMG-CoA reduc-
tase inhibitor),92,93 and commonly an ACE inhibi-
tor,70–76 as these agents have all been shown to prevent
recurrent ischemic events and cardiac death.

Summary

The best strategy for management of PMI is one
that emphasizes prevention. Preventive strategies
should be based on preoperative utilization and
optimization of �-blockers94–97, �2-agonists if
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�-blockers cannot be used,98,99 and HMG-CoA re-
ductase inhibitors (statins).100–101 If MI does occur, a
multidisciplinary approach involving the operating
surgeon, cardiologist, and intensivist should be fol-
lowed. The decision to pursue interventional or
medical treatment should be individualized based on
the category and severity of infarction (STEMI vs
NSTEMI), type of surgery, and the need for hemo-
stasis. Anticoagulant use is often needed. Particular
vigilance will be required regarding the recognition
and treatment of occult and overt bleeding and
related complications.
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center randomized study of invasive versus conservative
treatment in patients with inducible ischemia after throm-
bolysis in acute myocardial infarction (DANAMI). Circula-
tion 1997; 96:748–755

90 Antiplatelet Trialists’ Collaboration. Secondary prevention
of vascular disease by prolonged antiplatelet treatment. BMJ
1988; 296:320–331

91 Freemantle N, Urdahl H, Eastaugh J, et al. What is the place
of �-blockade in patients who have experienced a myocar-
dial infarction with preserved left ventricular function?
Evidence and (mis)interpretation. Prog Cardiovasc Dis
2002; 44:243–250

92 Aronow HD, Topol EJ, Roe MT, et al. Effect of lipid-
lowering therapy on early mortality after acute coronary
syndromes: an observational study. Lancet 2001; 357:1063–
1068

93 Stenestrand U, Wallentin L. Early statin treatment following
acute myocardial infarction and 1-year survival. JAMA 2001;
285:430–436

94 Zaugg M, Tagliente T, Lucchinetti E, et al. Beneficial effects
from �-adrenergic blockade in elderly patients undergoing
noncardiac surgery. Anesthesiology 1999; 91:1674–1686

95 Auerbach AD, Goldman L. �-Blockers and reduction of
cardiac events in noncardiac surgery: scientific review.
JAMA 2002; 287:1435–1444

96 Yang H, Raymer K, Butler R, et al. Metoprolol after vascular
surgery (MaVS) [abstract]. Can J Anesth 2004; 71:A7

97 Urban MK, Markowitz SM, Gordon MA, et al. Postoperative
prophylactic administration of �-adrenergic blockers in pa-
tients at risk for myocardial ischemia. Anesth Analg 2000;
90:1257–1261

98 Wallace AW, Galindez D, Salahieh A, et al. Effect of
clonidine on cardiovascular morbidity and mortality after
noncardiac surgery. Anesthesiology 2004; 101:284–293

99 Stevens RD, Burri H, Tramèr MR. Pharmacologic myocar-
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