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Silent myocardial ischemia (SMI) is increasingly being recognized as
part of the spectrum of ischemic heart disease. The spectrum of SMI
ranges from asymptomatic coronary artery disease to critical illness
necessitating intensive care. Although many diagnostic tools have

been used to identify low- and high-risk subgroups, their use is limited
by modest sensitivities and specificities. The present review identifies
current concepts in the management of SMI in various clinical set-
tings, as well as emerging technologies that may simplify the diagno-
sis and treatment of this condition.
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Silent myocardial ischemia (SMI) was recognized as early as
the beginning of the 20th century (1). It is defined as
objective evidence of myocardial ischemia in the absence of
chest discomfort or other anginal equivalents. This objective
evidence includes ST-segment shifts (usually depression),
reversible regional wall motion abnormalities, and perfusion
defects on scintigraphic studies (2). In fact, 70% to 80% of
transient ischemic episodes are not associated with anginal
chest pain or any other symptoms (silent ischemia) (3).

SMI is an important public health issue, and its early detec-
tion may prevent many episodes of sudden cardiac death annu-
ally (4). According to the World Health Organization, one of
the cornerstone features in the diagnosis of acute coronary syn-
drome (ACS) is the presence of chest pain; however, not all
patients with myocardial ischemia present with chest pain.
The extent to which this phenomenon occurs is largely
unknown (5). Episodes of asymptomatic ischemia occur in
approximately 25% to 50% of patients with coronary artery
disease (CAD) and may outnumber symptomatic episodes by a
ratio of more than 20:1 (6).

OBJECTIVES
With increasing recognition of the frequency and prevalence
of SMI, several questions arise about the need for detection,
the prognostic implications and the approach to therapy,
such as
e the usefulness of early detection of SMI and risk
stratification,

¢ the need for actively diagnosing SMI and appropriate
management strategies, and

¢ the need to identify newer technologies for continuous
monitoring.

MECHANISMS OF SMI

Silent ischemia results from variable combinations of
decreased sensitivity to painful stimuli and coronary
microvascular dysfunction (7). The association between dia-
betes and both silent ischemia and ‘painless infarctions’ has
been attributed to autonomic neuropathy (4,8). Patients with
silent ischemia have been shown to have a higher threshold
for other forms of pain, such as that resulting from an electric
shock, limb ischemia, cutaneous application of heat or bal-
loon inflation in the coronary artery (9). Hypertensive
patients who demonstrated a high incidence of silent
ischemia were shown to have higher pain thresholds for and
lower reactions to tooth pulp stimulation than normotensive
subjects (10).

Another area of investigation suggests that silent ischemia
may be due to cerebral cortical dysfunction, rather than
peripheral nerve dysfunction. Frontal cortical activation
appears to be necessary to experience cardiac pain, and some
evidence indicates that in patients with silent ischemia, affer-
ent pain impulses from the heart are subject to abnormal neu-
ral processing (11).

A study (12) using positron emission tomography scan-
ning of the brains of nondiabetic patients with exercise-
induced ischemia may explain why some episodes of
ischemia are asymptomatic. Patients with asymptomatic
ischemia had significantly less cortical activation than those
who experienced angina. In addition, extracardiac factors
may exert a critical influence on the central processing of
afferent stimuli. Amplifying and abating influences may
include analgesic effects arising from concurrent exercise or
vagal stimulation, emotional status and personality charac-
teristics (13). Mental stress can trigger ischemia in 40% to
70% of patients with CAD and has been reported to be a
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frequent trigger for the development of asymptomatic
ischemia, acute myocardial infarction and sudden cardiac
death (14,15). In fact, the development of ischemia in
response to mental stress in the laboratory is independently
associated with higher rates of fatal and nonfatal cardiac
events, and predicts events over and above exercise-induced
ischemia (16). Increased levels of beta-endorphin, an endoge-
nous opiate, have been noted in patients with asymptomatic
myocardial ischemia during exercise (17). The expression of
peripheral benzodiazepine receptors is higher in patients with
SMI than in symptomatic patients (18). Significantly elevated
levels of anti-inflammatory cytokines (interleukin-4 and -10,
transforming growth factor-beta), together with a decrease in
leukocyte adhesion molecule expression (CD11b), may help
identify some of the mechanisms of silent ischemia (19). SMI
is also recognized as a common manifestation of percutaneous
coronary intervention (PCI), possibly due to induction of
coronary artery spasm (20).

CLASSIFICATION OF SMI
Cohn (4) divided SMI into three categories:

e Type I: This is the least common form and occurs in
completely asymptomatic patients with CAD (which
may be severe) in the absence of anginal symptoms.

e Type II: This type occurs in patients with documented
previous myocardial infarction.

e Type III: This is the most common form and occurs in
patients with the usual forms of chronic stable angina,
unstable angina and vasospastic angina.

POPULATIONS AT RISK
Although SMI has been recognized as a distinct clinical entity,
considerable controversy still surrounds the application of
appropriate screening guidelines in the asymptomatic, high-
risk population (21).

In patients with CAD

The prevalence of SMI in asymptomatic patients with moder-
ate coronary atherosclerosis is high (18%) (22). Holter moni-
toring studies (23,24) have shown that almost all patients
with chronic angina have silent ischemic episodes four times
as often as symptomatic episodes, and that these anginal
episodes represent only the tip of the iceberg compared with
the overall prevalence of ischemic episodes in patients with
angina. In addition, two-thirds of patients with unstable angina
may have silent ischemic episodes (25,26). The probability of
an acute cardiac event is significantly high in asymptomatic
patients who have episodes of ST-segment changes docu-
mented by Holter monitoring, especially if the total ischemic
time is more than 1 h over the 24 h monitoring period for
recurrent angina during the 30-day follow-up in patients with
unstable angina (27,28).

Silent ischemia is more frequent in the convalescent phase
of myocardial infarction than in the acute phase (29,30). It is
not uncommon for patients with ACS presenting without
chest pain to be misdiagnosed and undertreated. This patient
population is less likely to receive effective therapy for ACS,
and more likely to experience greater in-hospital morbidity
and mortality (13% versus 4.3%, respectively; P<0.0001)
than patients with typical symptoms (31).
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In the intensive care unit

Critically ill patients admitted to the intensive care unit
(ICU) for noncardiac causes are at risk of acute myocardial
ischemia. It has been shown that transient myocardial
ischemia and advanced age are important predictors of car-
diac events (32). Silent ischemia is strongly associated with
troponin elevation in critically ill [CU patients, and predicts
both early and late mortality (33). Although the occurrence
of myocardial injury in ICU patients (defined by elevated
levels of cardiac troponin I) was unexpectedly high in one
study, it was often unrecognized clinically (34).

In surgery

There is a relatively high incidence of perioperative SMI in
the geriatric population undergoing elective surgery. In two
different studies (35,36), approximately 6% to 18% of patients
who underwent coronary artery bypass graft surgery had
episodes of SMI detected by Holter monitoring. The diagnosis
may be confounded by multiple factors, including postopera-
tive chest discomfort, universal serum enzyme elevations and
nonspecific electrocardiogram (ECG) changes. No single test
is reliable, but a combination of many diagnostic tests, which
are often expensive and time consuming, may increase the sen-
sitivity and specificity of diagnosis. SMI occurs in as many as
60.8% of patients undergoing surgery for peripheral vascular
disease and in 67.5% of carotid endarterectomy patients hav-
ing real-time ECG monitoring during the pre-, intra- and post-
operative periods (37).

In diabetic patients

Diabetic patients have a higher prevalence of SMI and unrec-
ognized myocardial infarction than patients without diabetes
(38). Patients with diabetes and SMI have a very poor progno-
sis, as reflected by adverse cardiac events or death (39). The
prevalence of silent CAD is 6% to 23% in low-risk diabetic
patients. In high-risk diabetic patients, the prevalence may be
as high as 60% (40). Early detection of silent ischemia is
important in diabetics, as well as in patients with impaired fast-
ing glucose levels (41). Silent ischemia is also associated with
higher hemoglobin A1C levels, reflecting the importance of
achieving and maintaining euglycemia (42). The prevalence
of silent ischemia in middle-aged patients with new-onset type 2
diabetes but without additional cardiovascular risk factors
(assessed by exercise stress testing and coronary angiography)
is similar to that observed in studies of subjects with long-
standing diabetes who had additional cardiovascular risk fac-
tors (43). There is an independent association of the metabolic
syndrome and insulin resistance with silent CAD in patients
with type 2 diabetes mellitus (44). The criterion of two or more
risk factors for CAD did not help to identify asymptomatic
type 2 diabetic patients with a higher prevalence of CAD and
is only related to more severe CAD with unfavourable coro-
nary anatomy (45). Erectile dysfunction, which is widely
prevalent in diabetic and hypertensive patients, has recently
been shown to be a warning sign of underlying, silent CAD
(46). Cardiovascular autonomic neuropathy and microalbu-
minuria (in addition to traditional risk factors for CAD) have
both been associated with an increased risk of SMI and mor-
tality in diabetic patients older than 60 years of age (47).
Polymorphisms of the angiotensin-converting enzyme gene,
more specifically the D allele, increases the risk of SMI in type 2
diabetes mellitus (48).
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Sleep apnea

Obstructive sleep apnea is also associated with myocardial
ischemia (silent or symptomatic), acute coronary events, tran-
sient ischemic attack, stroke, cardiac arrhythmias, pulmonary
hypertension and heart failure (49).

SHORTCOMINGS OF AVAILABLE MODALITIES
IN THE DIAGNOSIS OF SMI

Bedside ECG monitoring

Continuous ECG monitoring is the mainstay of cardiac mon-
itoring in patients admitted to the hospital for cardiac or non-
cardiac causes. The sensitivity and accuracy of detecting ST-T
changes suggestive of ischemia depend on the number of leads
used during ECG monitoring (50). Accurate ST-segment
monitoring requires expertise in ECG interpretation, as well
as knowledge of the functions and limitations of continuous
ST-segment monitoring (51). Routine ICU surveillance
shows a low sensitivity of 3% for detecting ECG changes sug-
gestive of prolonged myocardial ischemia, with a specificity of
90% per monitoring interval, a positive predictive value of
17% and a negative predictive value of 95% compared with
frequent 12-lead ECG monitoring. In addition, there are other
disease states commonly seen in critically ill patients, such as
drug overdose or poisoning, and electrolyte and metabolic dis-
turbances, which may cause false-positive ECG changes sug-
gestive of ischemia (52).

Exercise stress testing

Exercise stress testing combined with ECG testing has been
used for the detection of ST-T changes secondary to myocardial
ischemia and infarction. The average reported sensitivity of
exercise ECG testing is 68% (range 23% to 100%), with a
specificity of 77% (range 17% to 100%) (53,54). In studies (55)
in which referral bias was minimized, however, lower sensitiv-
ity values were reported, falling in the range of 45% to 60%.
Differences in results of stress tests between men and women
have been the subject of considerable controversy. A false-
positive response, frequently seen in women, is one of the limi-
tations of this technique used to diagnose SMI (56), which
often leads to additional testing for CAD, causing unnecessary
anxiety to the patient. A wide variety of miscellaneous situa-
tions have been associated with false-positive ST-segment
responses to exercise. These include digitalis administration,
hypokalemia (57), normal postprandial changes (58), hyper-
ventilation (59), postural changes (60), vasoregulatory abnor-
malities (61), mitral valve prolapse (62), pectus excavatum
(63), and intraventricular conduction defects, including bundle
branch blocks, Wolff-Parkinson-White syndrome (64,65) and
syndrome X (66). In addition to limitations in the sensitivity of
exercise testing for the detection of myocardial ischemia, cer-
tain drugs such as beta-blockers and calcium channel blockers
reduce the heart rate and maximum systolic arterial blood pres-
sure during exercise, thus reducing or eliminating ST-segment
depression. In the process of increasing exercise capacity,
nitrates may also prevent or minimize changes in exercise-
induced ST-segment changes (67,68).

Ambulatory ECG monitoring

Ambulatory ECG (AECG) monitoring offers important diag-
nostic information in patients with SMI and helps stratify the
risk of serious events in patients with various forms of heart dis-
ease. AECG monitoring is insufficient in detecting silent
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ischemia in patients with chronic stable CAD (69), but it is use-
ful in documenting characteristics of both painful myocardial
infarctions and SMI occurring during out-of-hospital activities.
Few data are available concerning SMI during AECG monitor-
ing in asymptomatic patients with CAD (70). The relationships
among the measures of ischemia severity during exercise testing,
AECG monitoring during daily activities, and even the fre-
quency of angina and nitroglycerin consumption are also very
poor (71). Although AECG monitoring identifies a subset of
patients with unstable angina at risk of adverse cardiac events,
the low incidence of AECG abnormalities in the current thera-
peutic era and the higher incidence of abnormalities using other
simple risk-stratifying modalities suggest that AECG monitoring
should not be routinely recommended for clinical risk assess-
ment (6). The incidence of ischemia on AECG monitoring is
often quite low, and its positive predictive value may also be low.
Resting QRS and ST-T wave abnormalities postmyocardial
infarction also often preclude meaningful interpretation of addi-
tional ST-segment deviation (6). In the evaluation of daily life
physical and mental triggers of painful and painless myocardial
ischemic episodes in patients with CAD (assessed using AECG
monitoring), it was ascertained that 85% of ischemic episodes
occur without chest pain and 66% of angina reports are unac-
companied by ST-segment depression. The data revealed an
uncoupling of anginal symptoms from ambulatory ischemic
episodes in patients with CAD during daily life activities (72).

The sensitivity and specificity of ST-segment deviations
for detecting CAD by AECG monitoring have been reported
to be 79% and 75%, respectively (73). The diagnostic accu-
racy of 24 h AECG monitoring in patients within 72 h of
coronary angiography has been shown to be poor (33%), and
ischemic ST-segment shifts are not predictive of future coro-
nary events (74). In approximately 30% of patients with sta-
ble CAD, 24 h AECG monitoring is often insufficient to
detect silent ischemia (69). Continuous AECG monitoring is
uncomfortable to the patient, is difficult to conduct in the
home setting and is difficult to interpret because of a large
number of artifacts. Even when ischemic ST-segment depres-
sion on AECG monitoring is interpreted with reference to
the presence or absence of hemodynamically significant coro-
nary artery stenosis at angiography, one should keep in mind
that myocardial ischemia may occur in the absence of coro-
nary stenosis, as seen in microvascular angina or subocclusive
vasospastic angina (75).

Radionuclide imaging techniques

Ischemia may also be detected by radionuclide perfusion scan-
ning. A major limitation of myocardial perfusion imaging
(MPI) is the high false-positive rate observed in many labora-
tories, which is attributed to image attenuation artifacts. The
false-positive rate remains high in obese subjects and women,
who may demonstrate defects reflecting breast attenuation
artifacts. Other limitations include long imaging protocols,
which may take many hours; high equipment expense and the
necessity of injecting radiopharmaceutical agents, with expo-
sure to radiation; inability to visualize the heart in a real-time
approach; and high cost to patients. For many patients, an
ECG stress test has poor sensitivity and specificity, and is
therefore unlikely to be the technique of choice. MPI, which
provides evidence of ischemia by directly measuring the ‘total
ischemic burden’, is clearly the method of choice in low- and
intermediate-risk patients (76). Although the sensitivity and
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specificity of MPI for detecting CAD is better than that of
ECG stress testing, false-negative and false-positive results do
occur. In a population with a low prevalence of CAD, a posi-
tive result is of little predictive value, whereas in a population
with a high prevalence of CAD, a negative result is of little
practical diagnostic value. MPI has optimal discriminative value
in a patient population with a pretest probability of CAD rang-
ing from approximately 40% to 70%. This population includes
patients with atypical chest pain, asymptomatic patients with
major risk factors and asymptomatic patients with a positive

ECG stress test (77,78).

THE ROLE OF CONTINUOUS
INTRACARDIAC MONITORING
In patients with ACS, the goal of therapeutic intervention is
to reverse ongoing ischemia and to interrupt or prevent
myocardial cell death.

Continuous monitoring of the status of the culprit artery is
mandatory to tailor appropriate therapy for each patient.
Coronary angiography reveals vessel anatomy only at a brief
moment in time, and continuous ECG monitoring may reflect
only ST-segment changes. Hence, both methods have short-
comings and limitations in terms of myocardial physiology mon-
itoring and efficient detection of ischemic myocardium (79,80).
Although the ECG provides a more accurate assessment of the
myocardium than angiography in situations in which vessel
patency has been restored but ischemia persists because of ‘no
reflow’ or reperfusion injury, ECG monitoring is currently not a
comprehensive tool for measuring real physiological parameters
of ischemic myocardium (81). Underuse of ST-segment moni-
toring appears to stem from three sources: technical problems
with noise levels, high frequency of false ST-segment alarms and
lack of adequate equipment for accurate ST-segment analysis; a
lack of clarity as to how information about changes in the ST
segment, especially in asymptomatic patients, should be used to
determine clinical therapy; and a lack of confidence in the tech-
nology by many physicians and nurses (79).

Who should have continuous intracardiac monitoring?
Intracardiac monitoring should be given to patients with
chronic CAD, especially those with diabetes; patients with an
abnormal baseline ECG, including left bundle branch block,
accessory pathways, left ventricular hypertrophy and elec-
trolyte abnormalities; patients on medications such as digitalis;
patients with permanent pacemakers; patients with an altered
level of consciousness or who, for any reason, are unable to
report their pain; high-risk postoperative patients undergoing
noncardiac surgery or other high-risk patients admitted to the
ICU; and patients undergoing high-risk PCI or coronary artery
bypass graft surgery. These patients should be given the highest
priority for continuous intracardiac monitoring, which pro-
vides uninterrupted, real-time information about the occur-
rence, frequency and severity of ischemic episodes over the
course of the dynamic occlusive process (82).

What are the goals for continuous intracardiac monitoring
in various diagnostic settings?

Future cardiac monitors should incorporate a versatile, com-
prehensive intracardiac monitoring system to continuously
detect metabolic, ECG and hemodynamic derangements pre-
cisely and reliably. An alarm system may also be incorporated
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to signal any deterioration in the hemodynamic and physio-
logical parameters to the patient, the health care providers and
the emergency medical services through a preset warning sys-
tem on detection of myocardial ischemia. Suitable noise reduc-
tion strategies should be developed to reduce the number of
false alarms.

Which intracardiac physiological and hemodynamic
parameters should be monitored continuously?

Newer and more reliable physiological and hemodynamic
parameters (such as myocardial and coronary sinus tempera-
ture), metabolic indicators of ischemia in the coronary sinus
(including coronary sinus pH, partial pressure of CO,, partial
pressure of Oy, lactate and troponin) and hemodynamic factors
(such as heart rate, cardiac output, pulmonary artery pressure,
and ventricular end-diastolic pressures and volumes) should be
measured continuously.

What are the requirements for accurate and continuous
intracardiac monitoring?

The intracardiac monitoring device includes an integrated,
implantable lead and electronic processing box implanted in
the subclavian area. The lead may be positioned in the right
ventricular apex and can continuously measure more reliable
physiological and hemodynamic parameters, as well as intra-
cardiac electrograms relevant to the detection of myocardial
ischemia. Using specialized leads with incorporated sensors,
intracardiac monitoring can be used to constantly monitor
myocardial temperature for any decrease in right ventricular
apex temperature, which often precedes ECG or hemodynamic
changes, and thus may be used as a reliable marker of ischemia.
In addition, cardiac output may be monitored with the ther-
modilution technique. Intracardiac pressures and volumes may
also be measured constantly with this technique. The collected
data can be uploaded and transmitted over the Internet to a
central processing unit for review. The coronary sinus can be
used as a new gateway to access the heart for the implementa-
tion of continuous intracardiac monitoring. An increase in
temperature in the coronary sinus can be used as a reliable
marker of myocardial ischemia.

EMERGING TECHNOLOGIES FOR THE
DETECTION OF SMI
The available strategies that best detect and treat SMI, the
clinical implications of SMI, the prognostic significance in
various clinical settings and the available diagnostic tools, all
represent limitations. To overcome all of these limitations, it
is time that we advanced and improved our knowledge to
implement new technologies using reliable determinants, tar-
geted for continuous monitoring, detection and treatment of

SMIL

Intramyocardial temperature monitoring
Among different determinants and physiological markers, tem-
perature is a reliable factor that can be measured and moni-
tored continuously in all clinical settings.

Intramyocardial temperature monitoring has been used as a
marker of myocardial perfusion, ischemia and metabolic status
during cardioplegia for cardiac surgery, and its correlation with
the level of myocardial protection and with other physiological
factors has been investigated in several studies (83,84).
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Previous studies (85,86) have shown that widespread
inflammation has been observed in patients with CAD. The
inflammatory process may result in an increased temperature
in the coronary sinus (87). Stefanadis et al (88) measured
blood temperature in the coronary sinus and the right atrium
of patients with significant narrowing of the left coronary or
right coronary arteries and in subjects without CAD. Coronary
sinus temperature was increased in patients with CAD com-
pared with controls and was found to be a prognostic factor for
mid-term clinical outcomes. Coronary sinus and intramyocar-
dial temperature monitoring were demonstrated by Eftekhari
et al (89) in human and animal studies to be the two appropri-
ate modalities for measuring temperature changes to detect
myocardial ischemia. These researchers monitored temperature
changes, along with other biomarkers of ischemia, in the coro-
nary sinus during PCI in their human study, and they demon-
strated that transient myocardial ischemia during balloon
inflation was associated with an increased coronary sinus tem-
perature (Figure 1). They also showed a correlation between
the magnitude of ischemic myocardial burden and the degree of
temperature change in the coronary sinus (89). In another
study (90), experimental acute coronary occlusion in a swine
model produced an average intramyocardial temperature drop
of 0.1+0.03°C (P<0.05) in all three major epicardial coronary
artery distributions. The temperature changes preceded ECG
changes of ischemia by an average duration of 1 min to 2 min
(Figure 2). Further studies are being proposed to demonstrate
the effect of chronic coronary occlusion on intramyocardial
temperature in an ovine model. Hence, intramyocardial and
coronary sinus temperature changes may be a reliable marker of
acute and chronic ischemia, especially SMI (90).

Tissue O, tension

Monitoring tissue O, tension has become clinically feasible
with the development of miniaturized implantable Clark elec-
trodes. The polarographic O, sensors enable the measurement
of O, partial pressure in tissues, organs and body fluids, directly
and continuously. Tissue O; tension has been measured success-
fully in the ICU, as well as during neurosurgical procedures
(91).The partial pressure of O, in the muscle may prove to be
an early and reliable indicator of stagnant blood flow and tissue
hypoxia. Limiting factors in the use of polarographic O, probes
are the dependence of electrode currents on tissue temperature,
errors in O; partial pressure readings due to tissue trauma and

Silent myocardial ischemia
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Figure 1) Coronary sinus (CS) and right atrial (RA) temperature
changes with percutaneous transluminal coronary angioplasty. Note
that the temperature rises with balloon inflation and returns to baseline

after balloon deflation

edema related to electrode insertion, and accidental intravascu-
lar placement of the O, sensors (92).

Near-infrared spectroscopy

Intravascular near-infrared spectroscopy is another emerging
tool for the detection of myocardial ischemia. The intravascu-
lar near-infrared spectral analysis of the coronary sinus blood
with a fibre optic catheter can be a reliable diagnostic tool for
the on-line detection and follow-up of acute myocardial
ischemia (93). Monitoring of myocardial tissue impedance
with silicon-based microprobes is being characterized and
developed. Incorporation of additional sensors to detect tissue
pH and electrolyte concentrations will further enhance the
ability of these devices to provide an accurate and early diag-
nosis of ischemia.

Computed tomography

Recently, multislice computed tomography (CT) has been
shown to be capable of visualizing not only the coronary
arteries (wall and lumen), but also the cardiac muscle, with
high spatial resolution. Multislice CT provides high-quality
three-dimensional images of coronary arteries. Initial results
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Figure 2) Experimental left anterior descending (LAD) artery occlusion lasting for 1 h. The temperature decrease begins approximately 20 s post-
occlusion. CFx Circumflex; ECG Electrocardiogram; RCA Right coronary artery
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of four-, 16- and more recently 64-slice CT, compared with
conventional angiograms, are very promising. Noninvasive
visualization of the coronary arteries and accurate detection
of stenosis are now possible with ECG-gated 16-slice CT.
Multislice CT can also detect nonstenotic coronary plaques.
Finally, visualization of cardiac muscle with multislice CT
makes it possible to detect myocardial ischemia. Electron
beam tomography coronary calcium imaging is an evolving
technique for the early detection of coronary atherosclerosis,
and recent studies have established its prognostic value in
asymptomatic individuals. The relationship of coronary
artery calcium scores to obstructive CAD is an evolving area
of interest and is clinically relevant because it determines
which individuals are likely to benefit from revascularization
procedures (94).
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CONCLUSIONS

SMI has arrived at an exciting crossroad where newer tech-
nologies for continuous monitoring, such as measurement of
intramyocardial temperature and other local metabolic
parameters, will help to identify vulnerable patients in vari-
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ischemic spectrum. Newer technologies will help identify a
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