
The Missed MI: Understanding 
the Limits of Biomarkers 

and CT Angiography

I remember when the Goldman myocardial infarction (MI) algorithm came out,
quickly followed by a seven-button hand-held “calculator.” It promised to reduce all
decision-making regarding ED chest pain patients to seven yes or no questions. But
when you looked into the mathematics, if you answered no or negative to all of the
questions, it indicated a 4% chance of acute cardiac ischemia. So, what would you do
with this information? Could you tell the patient that there was only a 4% chance of a
heart attack, so it was OK to go home?

My short summary really is not fair to the Goldman algorithm. It was not designed
to determine who among ED chest pain patients could be discharged vs. who needed
to stay. So it is with most ancillary tests and aids for chest pain; they assist but do not
replace experienced physician judgment. This issue concludes our four-part series with
a review of the use of cardiac biomarkers, chest pain units, ACS risk score calculators,
and CT angiography. I hope you find this series useful.

—J. Stephan Stapczynski, MD, FACEP

Serum Cardiac Markers
Cardiac biomarkers in common use to diagnose acute myocardial infarction (MI)

include myoglobin, creatine kinase, creatine kinase-mb isoenzyme (CK-MB), car-
diac troponin I, and troponin T. These proteins are found inside muscle tissue and
function as enzymes except for troponin, which is part of the contractile apparatus.
When a cardiac myocyte dies, the intracellular contents leech out into the blood-
stream at rates depending on the protein’s size and original location in the cell.
Myoglobin is smallest and therefore appears first after only 1-3 hours, with peak
levels attained in about 6-7 hours.1 CK-MB levels begin to rise 3-12 hours after
cell death but do not peak until about 10-24 hours. (See Figure 1.)  

Cardiac Troponin I (CTnI) and T (CTnT) are the current gold standard for
diagnosis of acute MI as endorsed in 2000 by the American College of
Cardiology and European Society of Cardiology.2 This change in the diagnostic
criteria for MI to include enzyme level changes without electrocardiogram (ECG)
changes has increased the number of acute MIs diagnosed by about 30%.3 A sin-
gle troponin level greater than the 99th percentile of normal is the accepted crite-
ria for defining myocardial necrosis.4

Since many physicians often obtain both CK-MB and troponin levels on patients
being evaluated for chest pain, several studies have examined the importance of
discordant biomarker levels.5 In other words, if the CK-MB is positive but the tro-
ponin is negative, or vice versa, is it any less significant than if both were elevated?
Large studies have established that an elevated troponin places patients at higher
risk regardless of other biomarker levels,6 with a nearly linear correlation with the
troponin level and risk for cardiac events/mortality.7 Conversely, Storrow, et al.
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found in their study that an elevated
CK-MB level with a negative troponin
also places patients at higher risk for
ACS.5 Thus, either elevated troponin
levels or CK-MB levels appear to be
significant. 

Elevated cardiac biomarkers have
diagnostic utility, but, like a non-diag-
nostic ECG, negative biomarker levels
do not rule out the presence of coro-
nary disease or unstable angina.
Roughly 33% of patients with unstable
angina will have elevated troponin lev-
els but normal CK-MB levels; the
other 66% have no biomarker eleva-
tions.7 Cardiac biomarkers should be
interpreted in the context of the
patient’s symptoms and ECG.  

Because of the time it takes for the
serum level to reflect the clinical situa-
tion, biomarker levels may take 4-6
hours to reflect the damage from the
large MI currently underway. (See
Figure 1.) Only about 20-30% of
acute MI will have elevated biomark-
ers on the initial assay.8,9

There are at least five different assays
for troponin I, and their 99th per-
centile cutoffs vary from 0.022 µg/L
to 0.08 µg/L,9 which is important to
remember if working in more than one
ED. Biomarkers are most useful as
clinical decision aids in patients with
intermediate or low pre-test risk.10

Patients who are presenting with a
clinical history very suggestive of ACS,
numerous risk factors, and new ECG
changes are unlikely to be discharged if
their troponin levels are negative. 

Elevated Troponin Levels:
Accurate Interpretation 

There are multiple situations in
which an elevated troponin may not
indicate myocardial ischemia. In other
words, cardiac troponin levels are
“cardiac-specific but not disease-

specific.”11 While most cases of mild,
non-rising troponin elevations likely
are due to a small amount of myocar-
dial necrosis (“troponin leak”), one
should correlate the finding of an ele-
vated troponin level with the patient’s
clinical situation. The American
College of Cardiology/European
Society of Cardiology definition of
MI includes elevated troponin level in
the context of clinical conditions sug-
gesting myocardial ischemia (i.e.,
chest pain) and/or with ECG changes
suggesting myocardial ischemia.2

However, the author of this consensus
document has pointed out that some
physicians have focused on the ele-
vated troponin level alone to diagnose
acute MI, which is not consistent with
the guidelines.12

Mild troponin elevations are sur-
prisingly common. One study of 883
hospitalized patients older than 18
years of age found that 35% had tro-
ponin elevations unrelated to ACS
during their stay.13 While these
patients’ troponin levels were not
induced by ACS, 77% later were
found to have flow-limiting coronary
lesions.13 Thus these non-ACS tro-
ponin elevations help to identify
patients who are at much greater risk
for having coronary disease and likely
to be at risk for future cardiac
events.13

Yet, not every study finds this
result. Another study of sepsis patients
with elevated troponin levels found
that those with elevations were at
increased risk of death but not from
cardiac sources.14 Further, it also is
unlikely that a patient with mild tro-
ponin bumps due to pericarditis
would be at risk for coronary disease. 

There are four general situations in
which troponin levels can be elevated:
in acute MI either from primary

coronary disease (i.e., classic STEMI)
or from ischemia secondary to
decreased oxygen supply or increased
demand; other diseases of the heart;
diseases of other organ systems; or
actual false-positive laboratory values.15

Acute MI triggered by secondary
ischemia includes conditions such as
severe anemia, arrhythmias, pro-
longed tachycardia (pulmonary
embolism, atrial fibrillation, etc.), and
hypertensive or hypotensive episodes.
There also are reports of non-disease
conditions that have been associated
with troponin elevations, including
vigorous exercise. One study of run-
ners in the Boston Marathon found
that 68% of runners had some degree
of post-race troponin elevation,16

with 11% of the elevations that were
diagnostic of acute MI.16 Similar
changes also have been noted in elite
cyclists and triathletes.16

Other heart diseases, such as con-
gestive heart failure (CHF), myocardi-
tis, and pericarditis, are known to
cause troponin elevations. In CHF
patients, the degree of elevation does
appear to correlate with clinical sever-
ity of the disease.17 Cardiac trauma,
either iatrogenic as in surgery or from
blunt chest trauma, also is associated
with troponin elevations. Troponin
elevation is not a consistently useful
prognostic indicator. Some studies
show correlation with increased risk of
arrhythmia and ventricular dysfunc-
tion,18 while others show no correla-
tion with complications or outcome.19

Troponin elevations also have been
documented resulting from many
other systemic illnesses, including
conditions of sympathetic hyperactiv-
ity (ischemic stroke, intracranial hem-
orrhage, subarachnoid hemorrhage,
Takotsubo syndrome), end-stage
renal disease (ESRD), and from
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● Serial cardiac biomarkers over 9 to 12 hours remain the
gold standard, but shorter sampling intervals and single
measures are appropriate in selected patients.

● Chest pain units remain the most realistic approach to
reducing the rate of missed MIs.

● ACS risk score calculators do not perform better than
experienced physician judgment.

● CT angiography is most appropriate for ED chest pain
patients with an intermediate risk for CAD and no ECG
changes or elevated cardiac biomarkers.

Executive Summary



chemotherapy agents, carbon
monoxide poisoning, and certain
biologic toxins (i.e., jellyfish, scor-
pion, centipede).11

Troponin levels (and CK-MB levels)
in renal failure patients on hemodialy-
sis deserve special attention, as ESRD
patients commonly are seen in the
ED, and troponin elevations are
reported in a high proportion of oth-
erwise asymptomatic patients.20

Elevated CTnT levels were seen in
42%, and elevated CTnI levels were
seen in 15%20 of ESRD patients. 

Elevation of either troponin subunit
in ESRD patients correlates strongly
with increased mortality. One study
found ESRD patients with elevated
troponin levels had 1-year cardiac and
all-cause mortalities of 26% and 52%,
respectively.21 The basis of the elevated
troponin levels is thought to be due to
increased coronary disease and sub-
clinical MI, mild global ischemia, or to
another as yet unknown process.22

Uncommonly, true false-positive ele-
vations are seen at times due to the
presence of substances in the serum
that interfere with the troponin
immunoassay. Examples include het-
erophil antibodies, autoantibodies,
rheumatoid factor, or high levels of
free hemoglobin/bilirubin, lipid levels,
and alkaline phosphatase.11 Troponin
levels falsely elevated by as much as
20% also have been described from use
of dilution solutions not recom-
mended by the assay manufacturer.23

Careful Use of Serum
Markers: Is One Set OK?  

Although clinical policies/guide-
lines from multiple medical organiza-
tions, including the American College
of Cardiology (ACC), American
Heart Association (AHA), and the
American College of Emergency
Physicians (ACEP), are to check serial
sets of cardiac biomarkers to accu-
rately diagnose acute MI, it was noted

as far back as 2001 that many physi-
cians across the United States some-
times obtain a single troponin prior to
discharge of ED chest pain patients.24

Clinical Guidelines from
ACC/ACEP. While these guidelines
are not mandatory rules to govern
one’s practice, one can be assured that
plaintiff lawyers are well aware of
these guidelines and will use them to
their advantage whenever possible.
Given that missed MIs represent the
single most costly suits in terms of
dollar payouts,25 and these guidelines
are derived from extensive research,
one would be cavalier to ignore them.  

The AHA definition of ischemic
heart disease published in 2003
defines an “adequate set of biomark-
ers” as “at least 2 measurements of
the same marker taken at least 6 hours
apart.”26 Gibler, et al published in
2005 a reiteration of the ACC/AHA
guidelines that “serial testing in the
ED, at 3 and 6 hours, and at an inter-
val of 6 to 10 hours in-hospital, is
necessary to exclude myocardial
injury.”27

The most recent guidelines from
the ACC/AHA were published in
2007,4 and suggest an initially nega-
tive troponin should be followed by a
second level 8-12 hours later. The
only Level A recommendation from
the current ACEP clinical policy on
management of ACS/nonSTEMI is
to “not utilize cardiac serum markers
to exclude non-AMI acute coronary
syndromes (i.e., unstable angina).”28

The ACEP guidelines also state that
when the time of symptom onset is
unclear or unknown, then the time of
ED presentation should be used as
time of symptom onset.28

Published Reviews. Other cardiol-
ogy-based reviews have appeared in
well-known journals (New England
Journal of Medicine, Journal of the
American Medical Association), giving
clear statements on the use of cardiac
biomarkers. In 1997, Hamm et al., in
a paper on the use of at least two tro-
ponin levels for triage of ED chest
pain patients, noted that “a single test
at the time of arrival is inadequate for
clinical decision making.”29 Antman et
al published in 1995 that “single (tro-
ponin) values should not be used to
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Figure 1: Enzyme Elevation vs. Time

This figure illustrates how many hours must pass after an MI begins
for serum levels of various cardiac biomarkers to reach the cut-off
levels to diagnose acute MI. Note that even 9 hours after chest pain
onset, sensitivity levels for all markers are still in the 90-95% range.
The 100% sensitivity level is not reached until nearly 12 hours after
symptom onset.
Used with permission from Elsevier: Marx JA, ed. Rosen’s Emergency
Medicine, 6th edition. 2006: 1154-1195: fig. 77-22.



rule out infarction.”30 Lastly, in 2000
Lee et al. stated that “single values
should not be used to rule out
myocardial infarction,” even referring
to patients whose symptoms had
begun more than 12 hours prior to
presentation.31

The reasons for these statements are
based on the inherent time delay for
detectable troponin (or CK-MB) lev-
els to appear in the serum after
myocyte death. (See Figure 1.) Initial
biomarker levels taken on patient
arrival have a reported range of 10%
to 78% for sensitivity of detecting
acute MI.32 This likely results from
great variability between when the
patient’s symptoms begin vs. when
actual myocyte death occurs. 

When Can a Single Troponin
Help? These previous statements beg
the question, is there any circum-
stance in which single negative tro-
ponin levels can be useful? A clear
example is in evaluation of a chest
pain episode that occurred several
days before presentation.32 Because
troponin levels remain elevated for 5-
7 days after acute MI, these kinetics
would allow one to say with reason-

able certainty that a three-hour chest
pain episode two days prior did not
result in myocardial infarction. The
ACEP guidelines give a Level B rec-
ommendation on single troponin lev-
els.28 They recommend use of a single
negative CK-MB or troponin drawn
8-12 hours after symptom onset,
using time of ED presentation when
symptom onset is unavailable/unclear. 

Checking a Second Set Before 6
Hours. Several groups have studied
the feasibility of not waiting the full
six hours between sets of biomarkers
— known as delta measurements. In
other words, the biomarkers are
repeated at more frequent intervals to
speed up decision-making and ED
efficiency. Some have used 2-hour
changes in CK-MB levels alone,34

while others have used longer time
intervals of 3 hours.35 Yet others have
used combinations of delta myoglobin
and troponin levels, done with 90-
minute intervals.36,37 Nearly all of
these studies have shown encouraging
results, with sensitivities of 92-99%,
even at shorter intervals. 

However, all of the studies have
used different criteria for inclusion of

patients and, more importantly, differ-
ent formulas for defining what is a
“positive” delta level. These studies
define the amount of change required
to become significant, even though in
most cases the second biomarker level
may still be in the “normal”
range.34,35,37 For example, Fesmire
used a delta of CK-MB of only 1.6
ng/mL or greater.34 These approaches
may be helpful, but clear criteria for
positive delta levels, defined time
intervals, and which biomarkers to use
will require further consensus.  

Another approach that can be
applied to current practice is taken by
MacRae et al.38 They simply took
more frequent serum samples before
the 6-hour mark and examined how
many biomarker sets became elevated
using the AHA 99th percentile defini-
tion of elevated biomarkers.38 They
concluded that using the 3-hour
interval was a useful alternative to
waiting 6 hours. Further, they found
that a 1-hour interval allowed diagno-
sis of 80% of acute MIs as long as at
least one set was taken > 6 hours after
symptom onset.38 Currently, many
chest pain centers employ a biomarker
rule-out protocol of 3 sets over a 9-
hour period.39

Newer Serum Markers
Other proteins evaluated for useful-

ness as serum markers in evaluation of
chest pain/acute MI patients include:
vascular cell adhesion molecule, P-
selectin, interleukin-1, tumor necrosis
factor-α, serum amyloid A, ischemia-
modified albumin, Β-type natiuretic
peptide (BNP), and pregnancy-associ-
ated plasma protein A.40 Many of
these markers are being investigated
as a result of work that suggests acute
plaque rupture may be related more
to inflammation of the plaque rather
than the degree of luminal stenosis.41

Thus, atherosclerosis is being thought
of more as an inflammatory process
rather than a structural disease.  

High-sensitivity C-reactive protein
(hsCRP) is the best known of these
markers. The concept is that when
hsCRP levels are elevated, the patient
is experiencing an increased inflamma-
tory state and therefore is at higher risk
for an acute event. Currently, hsCRP
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• Positive biomarkers can rule in MI but normal levels do not 
necessarily mean patient is safe for discharge. 

- Normal biomarkers do not exclude the presence of CAD or 
unstable angina.

- Unstable angina is 5-6 times more common than acute MI 
among ED chest pain patients.

• Troponin is cardiac-specific but not disease-specific. 

• Troponin levels can be falsely elevated from:  
- Secondary ischemia (anemia, prolonged tachycardia)
- Other cardiac diseases (CHF, cardiac contusion, pericarditis)
- Laboratory error (autoantibodies, rheumatoid factor) 

• Use of single troponin levels is:
- Not supported by ACC/AHA guidelines
- Suggested as useful (Level B recommendation) by ACEP 

guidelines if taken 8–12 hours after symptom onset 

• Delta biomarker levels
- If time of symptom onset is not clear, use ED arrival time. 
- No consensus regarding sampling interval or increases 

considered significant.

Table 1: Serum Cardiac Markers4,8,11,32,33



levels have been shown to be inde-
pendent predictors of future cardiac
events, including acute MI, CHF, and
cardiac death. One study found that
men with the highest hsCRP levels (>
2.1 mg/L) were 3 times as likely to
develop MI as controls even when
matched for other traditional risk fac-
tors.42 Unfortunately, studies on the
utility of hsCRP in the acute setting
have failed to show any benefit.43 Thus,
hsCRP levels can be used to predict
one’s risk of future events and may be
used in the future to guide risk factor
modification, but currently this marker
does not have a role in diagnosis or
therapy for acute events.1

Chest Pain Units (CPU) 
Chest pain centers arose as an

answer to the need for full admission
of large numbers of patients who
present to the ED with chest pain
without obvious cause but are not

deemed entirely safe for discharge.
Previously, these patients were admit-
ted for inpatient work-ups at a nation-
wide cost calculated in 1984 of $5-8
billion, but, at most, only 20-30%
ultimately would be diagnosed with
ACS.44 Typically, a patient now can be
admitted to observation status in a
CPU, have a full set of three biomark-
ers obtained, and in many cases cardi-
ology consultation with optional stress
testing all in 12-24 hours.  

Exercise testing of the patient
before discharge is preferable but not
mandatory. When patients are dis-
charged without a stress test, how-
ever, it is recommended that one be
performed soon on an outpatient
basis (i.e., 48 hours).45 It also is possi-
ble in lower-risk patients that no stress
test may need to be done, as evi-
denced in a recent study that found
no adverse events in 175 such CPU
patients.46

Another approach is immediate
exercise testing of patients without
rule-out by serum markers.39 A study
of 1000 patients using this approach
found that 13% of the stress tests were
positive, 64% were negative, and 23%
were non-diagnostic.39 No adverse
events were noted during the exercise
testing or in the following 30 days
afterward. This represents another
possible approach, but one must be
careful in screening patients into this
pathway to ensure they truly are low-
risk.47

The average cost of observation vs.
inpatient management of chest pain
patients is estimated to be 45-80%
less.48,49 It was estimated in 1997 that
roughly 30% of U.S. EDs use a chest
pain unit.50 The chest pain center con-
cept likely represents the most realistic
approach to reduce the number of
missed MIs discharged from the ED.  

Risk Score Calculators 
The first well-known risk calculator

was the Goldman protocol, developed
in the early 1980s.51 Since then, multi-
ple other protocols have been pro-
posed. Risk score calculators have
been developed as decision aids to
help identify patients at risk for acute
MI. The Goldman protocol was devel-
oped only to predict likelihood of
increased risk in patients who were
suspected to have an acute MI and
had a sensitivity around 90%. This
protocol does seem to be useful in
deciding which level of care (CCU,
monitor bed, or observation) patients
may require while admitted to the
hospital.52 However, its main flaw is
that it was not made to detect patients
with unstable angina.53 The Goldman
protocol later was modified to be used
for recognition of ACS patients,54 but
this modified protocol still focuses pri-
marily on only the ECG findings and
clinical condition at time of presenta-
tion. An attempt to add a single tro-
ponin level combined with the
Goldman protocol also was found not
to be sensitive enough for use in the
ED.24 A recent review of risk score
models concluded the modified
Goldman protocol has less than a 90%
sensitivity for ACS patients.55

Pozen developed a decision aid

www.emreports.com Emergency Medicine Reports / Volume 30, Number 14 / June 22, 2009
177

• Calcium scoring protocols accurately rule out coronary disease when 
negative but do not accurately grade disease severity when present.

• CT angiogram limitations:
- May not visualize coronary arteries < 1.5 mm
- Still have a relatively high percentage (2–12%) of vessels that 

cannot be evaluated due to technical limitations 
- False positive rates are as high as 30% 

• Radiation exposure with CT scan 
- Younger patients are at greater risk for development of cancer. 
- It is estimated that 1.5–2% of all cancers in the U.S. are due to 

radiation exposure from CT scan.  
- Average radiation doses from CT coronary angiography are 

estimated at 10–32 mSv, or 1000 to 3000 PA chest films. 
- Average doses from nuclear perfusion scans are similar 

(15–25 mSv).

• Use of CT angiography for ED chest pain patients
- May be most useful to identify patients without coronary disease 

who can be safely discharged early in their ED stay 
- Cannot diagnose ACS, coronary spasm, subendocardial ischemia
- Even if 100% accuracy reached in defining coronary anatomy, 

CT cannot distinguish if lesion of moderate stenosis is causing 
ischemia or not  

• Future combination of coronary CT angiography with CT perfusion 
imaging into a single procedure could solve many current limitations. 

Table 2: Cardiac CT Studies68,73,76



using seven clinical and ECG variables,
which helped reduce the admission
rate to the CCU but did not lower the
inappropriate discharge rate of 3%.56

Pozen’s equation was modified by
Selker in 1998 to develop a risk score
named ACI-TIPI (Acute Cardiac
Ischemia Time-Insensitive Predictive
Instrument).57 This calculation can be
added into standard ECG machines so
that the score is printed on the ECG
header. This protocol appears to
increase the safe discharge rate of
unsupervised residents but did not
change the rate for attending physi-
cians.58 Thus, the utility of this tool
appears limited to less experienced
physicians. Further, the ACI-TIPI is
designed to have a 10% chance of
missed ACS or MI, which currently is
much higher than the 2-4% rate
observed in the United States.59

The thrombolysis in myocardial
infarction (TIMI) risk score60 and
Sanchis scores61 also have been used in
ED chest pain patients, although both
originally were designed on the
assumption that patients were likely to
have ACS and to aid in prediction of
short-term prognosis (TIMI) or 1-year
adverse events.62 Both the TIMI score
and the Sanchis score recently were
studied in acute chest pain patients
with non-diagnostic ECGs and initial
negative biomarkers and were found
to be less than 90% sensitive.55,62

The Vancouver Chest Pain Rule
published in 2006 is designed to iden-
tify patients with ACS and allow safe
discharge of 30% of patients present-
ing with chest pain in only 2-3
hours.58 This protocol is based partly
on a single CK-MB measurement
(albeit set at a lower threshold) at
presentation to allow discharge of
some patients, or on a 2-hour delta
level of the CK-MB or troponin. This
protocol is designed to miss fewer
than 2% of these patients with ACS,
which is similar to current estimates
of the rate of missed ACS in the
United States.59

The bottom line on risk score calcu-
lators is that despite initial enthusi-
asm,63 there currently are no
algorithms that have proven useful in
general ED populations to replace
experienced physician judgment.  

Cardiac CT Scans  
The most promising development

for rapid determination of chest pain
patients who can be discharged safely
from the ED is that of the coronary
CT scan. The 64-slice multidetector-
row CT (MDCT) systems allow for
both high-speed and high-resolution
CT imaging. The CT scan is gated
with the ECG signal so that images
taken while the heart is in motion are
subtracted out, thus providing clear
images of the coronary vessels. A slow
and regular heart rate is required for
the study, and most patients are given
beta-blockers to reach the required
rate of < 65 bpm. Nitroglycerin also is
given to maximally dilate coronary
arteries. Newer generation dual-
source CT scanners recently have
been studied for CT coronary angiog-
raphy in patients with atrial fibrillation
or sinus arrhythmias but achieve diag-
nostic accuracies of only 88-90%.64

Radiation Exposure Risks 
An important aspect of cardiac CT

scanning is the radiation doses
involved. While awareness of the pos-
sible increased lifetime risk of cancer
from radiation with diagnostic proce-
dures has increased in the last few
years, many physicians and most
patients are unaware of the potential
risk of radiation exposure with CT
scans.65 The roughly 62 million CT
scans obtained in the United States in
2006 were only 15% of the radi-
ographic procedures performed, but
were responsible for > 50% of the
radiation exposure.66

Patient age is the most important
factor that affects the risk of develop-
ing cancer from even a single CT
scan. In general, the younger the
patient, the higher the potential risk,
because children’s actively dividing
cells are more radiosensitive and chil-
dren have more years to live in which
cancer may arise. Full-scale epidemio-
logic studies to accurately delineate
risk for all patient populations are not
available,67 and current data on possi-
ble cancer risk are derived from
atomic bomb survivors.67 They esti-
mate that patients younger than one
year of age have a lifetime risk of can-
cer death (primarily brain cancer) of

0.07% from a single head CT and
0.14% from a single abdominal CT.67

Risks from head CT drop dramatically
with age and are just over 0.01% at
age 15 years, while risks for abdomi-
nal CT do not drop under 0.02%
until age 35 years. It is estimated that
a full-body scan, such as the pan-scan
in a trauma patient, gives a 45-year-
old patient a 1 in 1,250 risk of dying
from cancer.68

Single head CT scans yield radiation
doses of about 5-20 mSv, and single
abdominal CT doses range from 10-
20 mSv. However, exposure doses can
be several times higher for pediatric
head CT where smaller bodies/organs
can be exposed to the same amount
of radiation as adults. For reference,
the yearly federal limit for workers in
the United States is 50 mSv and is
only 20 mSv in the UK. A 20 mSv
dose is approximately 130 times the
dose for a lateral chest film, 2000
times that of a PA chest, and 4000
times the dose one’s brain is exposed
to from a single dental radiography.67

Another point of reference is that a
20 mSv dose is equivalent to roughly
6 years of normal background radia-
tion exposure.  

Coronary CT imaging with a 16-
slice scanner compared to a 64-slice
machine had radiation doses of 5-10
mSv and 5-15 mSv, respectively.69

While these doses are not much higher
than other types of CT scans, a recent
paper found surprising variability in the
dose measured at 50 different study
sites; the average radiation dose was 12
mSv but ranged from as little as 5 mSv
to as high as 30 mSv.70 A study of
exposure in the “triple rule-out” CT
used to evaluate a patient’s aorta, pul-
monary vessels, and coronary vessels
simultaneously found an estimated
average dose of 18 mSv (range 10-31
mSv).71 Obese patients received nearly
25% more radiation exposure in that
study (21 mSv vs. 15 mSv).72 These
numbers compare to the average radia-
tion dose from a nuclear stress perfu-
sion scan of 15-25 mSv and 2-6 mSv
for invasive angiography.73

Calcium Scores 
Coronary imaging by CT scans is

done using two different approaches:

Emergency Medicine Reports / Volume 30, Number 14 / June 22, 2009 www.emreports.com
178



detection of coronary calcifications
only and, most recently, direct visuali-
zation of the coronary lumen. The
older technique detects the presence
of calcium deposits in the coronary
arteries, is done without any contrast
dye, and there is no visualization of
the coronary lumen. The principle for
this test is that coronary calcification
is almost exclusively from atheroscle-
rosis, with the only real exception
being patients with renal failure. A
“calcium score” is calculated, which is
thought to be a good overall indicator
of total atherosclerotic burden, with
higher scores equaling more calcium
deposits. The commonly used
Agatston Score ranges are: 0 equals
no evidence of coronary disease, 1-10
equals minimal disease, 11-100 equals
mild disease, 101-400 equals moder-
ate disease, and more than 400 equals
extensive disease.  

The absence of coronary calcium
excludes the presence of significant
stenotic lesions with high predictive
value.74 Low calcium scores also
equate with very low risk for coronary
heart disease regardless of other clas-
sic risk factors.75 Likewise, several
large studies have found that higher
calcium scores do predict increased
risk of MI or death in the following
3-5 years, even in asymptomatic peo-
ple.75 Unfortunately, high calcium
scores do not correlate well with the
presence of hemodynamically signifi-
cant stenosis at the time of the scan.
Thus, the sensitivity of coronary calci-
fication to predict coronary disease is
about 90%, but since calcifications can
make image interpretation difficult,
the sensitivity for diagnosing obstruc-
tive disease is only about 50%.76

The most recent recommendations
from the ACC/AHA consensus state-
ment is for calcium scoring to be used
only in asymptomatic patients with
intermediate risk for coronary heart
disease and is not recommended for
asymptomatic patients with low or
high risk.77

CT Coronary Angiography 
With 64-slice multidetector-row CT

(MDCT) systems, the resolution of
coronary CT scans has reached the
point where coronary artery lumens

can be assessed. In some cases, these
CT images can be used in place of
traditional invasive coronary angiog-
raphy. Coronary angiography using
64-slice CT machines has sensitivi-
ties and specificities ranging from
86-99% and 93-97%, respectively,
and anywhere from 2-12% of coro-
nary segments nondiagnostic.76 With
current technology, only coronary
arteries greater than 1.5 mm are
well-visualized and, therefore, dis-
ease in vessels less than 1.5 mm may
not be evaluated.78

CT angiography is accurate in rul-
ing out disease with negative predic-
tive values of 93-100% and also can
evaluate extralumenal lesions that
have previously only been seen with
intravascular ultrasound. However, it
is less accurate in defining existing dis-
ease, with positive predictive values of
anywhere from 50-100%.76 CT
angiography suffers from a relatively
high number of false-positives (up to
30%) and thus tends to overestimate
disease severity when compared to
invasive angiography. Other problems
with accuracy are related to artifacts
from reduced resolution caused by
pronounced coronary calcifications
and arrhythmias. 

CT Evaluation of Chest
Pain Patients 

The only randomized study to date
comparing standard ED treatment to
CT angiography evaluated 99 patients
with CT and 98 with standard care.79

The study found that CT identified or
excluded coronary disease as the cause
of chest pain in 75% of the patients; 67
had normal coronary arteries, and 8
had severe disease.79 The other 25%
had either intermediate coronary dis-
ease or nondiagnostic CT studies and
underwent further evaluation by stress
testing. An editorial comment of this
study expressed concern that the CT
group underwent four times as many
major invasive procedures, including
catheterization, stenting, or bypass sur-
gery, as the control group but “gained
no identifiable medical benefit either in
the short term or at 6-month follow-
up.”80 The concern for over-treatment
in the absence of medical benefit is a
legitimate one, but it is not clear how a

patient who required bypass surgery
did not benefit medically from being
identified by CT angiography.  

In another recent study of 568 ED
chest pain patients, 285 had coronary
CT immediately in the ED while
another 283 had coronary CT after
observation.81 The study was not ran-
domized, as patients were admitted to
the observation arm based on the
availability of coronary CT
(nights/weekends). Fully 75% of the
group with immediate CT were dis-
charged afterward with no adverse
events noted in the following 30
days.81 The authors suggest that CT
angiography may be used to shorten
the time it takes to determine if a
patient is safe for discharge after pre-
senting to the ED with chest pain. It
would help ED physicians to identify
a subgroup of patients who can be
discharged safely from the ED even
without serial enzymes or a stay in an
observation unit. This idea may prove
to be true, but a problem with this
study is that there were no coronary
events in either group. Thus no MIs
were missed, but none were found
either. 

The “Triple Rule Out” Scan. CT
angiography can be used to simulta-
neously evaluate the coronary
anatomy and rule out both aortic dis-
ease and pulmonary embolism. These
studies have been referred to as the
“triple rule out.”82 A recent study of
the triple rule out CT on 197 ED
chest pain patients who had nondiag-
nostic ECGs and negative initial bio-
markers found 65% had no coronary
disease, 23% had mild (< 50%) steno-
sis, and 11% had moderate to severe
disease.82 However, there was one
case of severe coronary disease that
was “missed” on the CT images. In
addition, 10% of patients had “subop-
timal” imaging of at least one coro-
nary vessel, and there were two
positive follow-up stress tests in the
group of patients with no disease on
CT scan.82 CT imaging did identify
11% of patients with other diagnoses
than ACS that explained their symp-
toms, such as pneumonia, pulmonary
embolism, hiatal hernia, aortic dissec-
tion, metastatic pulmonary disease,
myocarditis, and pancreatitis. Another
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14% had clinically important non-
coronary findings such as aortic
aneurysm, emphysema, cardiomyopa-
thy, adrenal mass, pulmonary mass,
and pulmonary hypertension.82

The Bottom Line for CT
Angiography 

Coronary CT angiography
undoubtedly will be helpful in rapidly
identifying a subset of ED chest pain
patients with no coronary artery dis-
ease. It ultimately may be that identi-
fication of patients without coronary
artery disease or discovering disease
where it was not suspected may be the
strong suit for coronary CT. One
recent study suggested we may be
underestimating the extent of coro-
nary disease in populations considered
to be low risk based on classic
Framingham risk factors. This study
found a disturbingly high rate of
coronary plaques/obstructive disease
in patients classed as low risk
(44/16%) and intermediate risk
(75/34%) by classic criteria.83

However, like all other tests presently
available, there still are imperfections.
To start, most CT studies so far only
evaluate non-obese patients with body
mass indexes (BMIs) in the mid-twen-
ties. One of the only studies to report
on BMI of their patients found that
those with BMI of 30 kg/m2 or more
accounted for all but one of their
inaccurate results.84

Obtaining a negative CT result will
not mean that a patient can be dis-
charged safely. For example, even in
the best studies there are segments of
the coronary arteries that cannot be
evaluated on the CT scan due to tech-
nologic limits.78 This number has
been as high as 13% of vessels imaged
in a recent study, and motion artifacts
and/or calcium deposits are the two
most common contributing sources.85

Coronary calcifications typically are a
result of coronary disease, but motion
artifacts may not allow one to assess
patient risk. More importantly, vessels
1.5-2.0 mm are not always evaluated
by CT angiography. Thus, the ques-
tion of how clinically important
stenoses in these smaller vessels turn
out to be needs to be answered.

Further, patients with coronary spasm
who have normal vessel anatomy
likely will not be diagnosed by CT
scan. A recent study of CT angiogra-
phy in cocaine chest pain patients
confirmed that the patients in the
study did not have statistically more
coronary disease than controls.86

However, these patients still were at a
six-fold higher risk of ACS, presum-
ably due to coronary spasm from their
cocaine use. Patients with subendo-
cardial ischemia caused by a hypertro-
phied left ventricle are another
example of patients at risk for MI
with normal vessel anatomy.  

Another and perhaps more impor-
tant aspect is that even if CT coronary
angiography becomes 100% accurate
to define coronary anatomy, this is
only part of the question. For patients
in whom coronary disease is found,
the second half of that question
becomes, is the coronary lesion seen
physiologically important? In other
words, is this lesion causing myocar-
dial ischemia to explain the patient’s
symptoms? 

Hollander’s recent study of low-risk
patients with CT angiography found
that patients with less than 50%
lesions on CT angiography had nor-
mal stress tests.81 Likewise, those with
greater than 80% stenosis all had
abnormal stress tests. The difficult
patients were those with 50-70%
lesions in whom some positive and
some negative stress tests were
obtained. Thus, even though their
anatomy was defined, it was not clear
based on anatomy alone who needed
further intervention. 

This principle is replicated by a
recent study of 100 patients with
coronary disease that found patients
who were diagnosed with obstructive
disease on CT had a 63% cardiac
event rate (MI, revascularization) in
the next 16 months.87 However,
patients diagnosed with non-obstruc-
tive disease still had an 8% cardiac
event rate in the same time period.
This 8% number is much higher than
the 0.4% risk of MI/death per year
seen with negative nuclear perfusion
scans.88 One likely would need to
combine some kind of functional
study to select out patients with

higher risk for intervention.  

Current Recommendations 
in the Literature 

Recently a group of eight different
cardiology and radiology societies col-
lectively published consensus guidelines
on indications for CT angiography.89

Study indications were described as
appropriate, inappropriate or uncer-
tain. The relevant opinions for the ED
include only two appropriate indica-
tions: for patients with intermediate
pretest probability of coronary disease
and no ECG changes or elevated bio-
markers, or of patients with uninter-
pretable ECG/inability to exercise.89

CT study of high or low pretest prob-
ability patients was deemed uncertain,
as was the triple rule out study. Only
patients with diagnostic ECG changes
or biomarker levels were deemed
inappropriate for CT evaluation.89

Future Directions 
On the horizon, combining coro-

nary CT imaging with perfusion
imaging, as with single photon emis-
sion CT (SPECT) or positron emis-
sion tomography (PET) scans, may
replace current perfusion scans with
sestamibi or thalium-201.90 This may
allow a single study that would detect
coronary lesions and simultaneously
determine their hemodynamic signifi-
cance in myocardial perfusion. Cost
factors, radiation exposure, and lim-
ited availability of PET scans are all
issues to overcome before these stud-
ies can be widely used. Another possi-
ble advancement is that of dual-
energy CT that allows assessment of
organ perfusion as well as structure.90
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Physician CME Questions
1. How many patients have elevated cardiac

biomarkers on the first set drawn?
A. 20-30%
B. 40-50%
C. 50-60 %
D. 70-80%
E. none of the above

2. Concerning cardiac biomarkers, which of
the following statements is true?
A. Patients with elevated CK-MB but not

troponin are at less risk for acute events.
B. A single negative troponin at presenta-

tion is sensitive enough to allow dis-
charge of patient.

C. A single CK-MB or troponin may miss
up to 74% of patients with acute MI.

D. Biomarkers are elevated in 20% of
patients with what would have been
called unstable angina in the past.

3. Troponin elevations are very sensitive for
cardiac damage and always mean an MI has
occurred.
A. True
B. False

4. Single troponin measurements are: 
A. supported in current ACC/AHA guide-

lines
B. supported by ACEP guidelines
C. supported by review articles
D. rule out the presence of coronary disease

if negative after 12 hours 

5. Which of the following statements concern-
ing shorter interval sampling of serum car-
diac biomarkers is true?
A. There is consensus regarding sampling

intervals.
B. The change considered positive is based

on baseline values.
C. Sampling intervals as short as 1 hour are

useful.
D. Shorter sampling intervals are useful

with troponin measurements but not
CK-MB.

6. Which of the following statements regarding
high-sensitivity C-reaction protein as a car-
diac biomarker is not true?
A. It detects activation of the systemic

inflammatory cascade.
B. It is useful in the evaluation of ED chest

pain patients.
C. It correlates with future cardiac events.
D. It is the best known of potential serum

cardiac biomarkers.

7. Which of the statements regarding these
ACS Risk Score Calculators is true?
A. The Goldman protocol is sensitive for

ACS.
B. The TIMI Risk Score is sensitive for

ACS.
C. The Vancouver Chest Pain Rule uses

serial biomarker measurements.
D. The ACI-TIPI is useful when applied by

less experienced physicians.

8. The radiation dose from a coronary CT
angiogram: 
A. is less than for perfusion scans
B. gives an average dose equal to 2000 PA

chest films
C. gives a dose equal to 2 years of back-

ground radiation
D. is consistent when measured in different

institutions

9. Disadvantages of CT angiography include
which of the following?
A. At least 6% of coronary vessel segments

may be non-evaluable.
B. They are unlikely to detect patients with

coronary spasm.
C. They are more accurate in ruling out the

presence of coronary disease than defin-
ing the severity of disease. 

D. The anatomy does not always predict
physiology.

E. All of the above

10.CT angiography for detection of CAD in
ED chest pain patients is most useful when:
A. the pretest probability is intermediate.
B. the pretest probability is low.
C. the pretest probability is high.
D. the patient has elevated serum cardiac

biomarkers.
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The Missed MI:
Biomarkers and
CT Angiography

RAPID ACCESS MANAGEMENT GUIDELINESExclusive to our subscribers

Enzyme Elevation vs. Time

This figure illustrates how many hours must pass after an MI begins
for serum levels of various cardiac biomarkers to reach the cut-off
levels to diagnose acute MI. Note that even 9 hours after chest pain
onset, sensitivity levels for all markers are still in the 90-95% range.
The 100% sensitivity level is not reached until nearly 12 hours after
symptom onset.
Used with permission from Elsevier: Marx JA, ed. Rosen’s Emergency
Medicine, 6th edition. 2006: 1154-1195: fig. 77-22.

Serum Cardiac Markers

• Positive biomarkers can rule in MI but normal levels do not 
necessarily mean patient is safe for discharge. 

- Normal biomarkers do not exclude the presence of CAD or 
unstable angina.

- Unstable angina is 5-6 times more common than acute MI 
among ED chest pain patients.

• Troponin is cardiac-specific but not disease-specific. 

• Troponin levels can be falsely elevated from:  
- Secondary ischemia (anemia, prolonged tachycardia)
- Other cardiac diseases (CHF, cardiac contusion, pericarditis)
- Laboratory error (autoantibodies, rheumatoid factor) 

• Use of single troponin levels is:
- Not supported by ACC/AHA guidelines
- Suggested as useful (Level B recommendation) by ACEP 

guidelines if taken 8–12 hours after symptom onset 

• Delta biomarker levels
- If time of symptom onset is not clear, use ED arrival time. 
- No consensus regarding sampling interval or increases 

considered significant.

Cardiac CT Studies

• Calcium scoring protocols accurately rule out coronary disease when 
negative but do not accurately grade disease severity when present.

• CT angiogram limitations:
- May not visualize coronary arteries < 1.5 mm
- Still have a relatively high percentage (2–12%) of vessels that 

cannot be evaluated due to technical limitations 
- False positive rates are as high as 30% 

• Radiation exposure with CT scan 
- Younger patients are at greater risk for development of cancer. 
- It is estimated that 1.5–2% of all cancers in the U.S. are due to 

radiation exposure from CT scan.  
- Average radiation doses from CT coronary angiography are 

estimated at 10–32 mSv, or 1000 to 3000 PA chest films. 
- Average doses from nuclear perfusion scans are similar 

(15–25 mSv).

• Use of CT angiography for ED chest pain patients
- May be most useful to identify patients without coronary disease 

who can be safely discharged early in their ED stay 
- Cannot diagnose ACS, coronary spasm, subendocardial ischemia
- Even if 100% accuracy reached in defining coronary anatomy, 

CT cannot distinguish if lesion of moderate stenosis is causing 
ischemia or not  

• Future combination of coronary CT angiography with CT perfusion 
imaging into a single procedure could solve many current limitations. 
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