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ARTICLE INFO ABSTRACT

Keywords:

We report the case of a 49-year-old man with a history of diabetes and hypertension who presented to the

CTA emergency room with intermittent chest pain radiating to the back for one day. An electrocardiogram-gated CT

CT aortogram
ECG-gating

Cardiac perfusion defect
Coronary artery stenosis

aortogram excluded the emergency department's primary consideration of aortic dissection, but incidentally
revealed a myocardial perfusion defect and corresponding coronary artery stenosis. Cardiac catheterization
performed the following day confirmed the CT findings and the patient underwent angioplasty and stent pla-
cement. We show that despite a different protocol than coronary CTA or myocardial perfusion CT, a gated CTA

for dissection (CT aortogram) is capable of detecting resting perfusion abnormalities in patients presenting to the
emergency room with chest pain.

1. Introduction

It is estimated that chest pain accounts for over 8 million emergency
room visits per year in the United States [1]. Etiologies of chest pain
range from costochondritis to potentially life threatening diagnoses,
such as acute aortic syndrome, pulmonary embolism, or myocardial
infarction. On presentation, certain symptoms may prompt the clinician
to prioritize their differential diagnosis and request an imaging study
that is most appropriate accordingly. For example, signs and symptoms
of deep vein thrombosis, history of immobilization, or elevated D-dimer
in the setting of pleuritic chest pain, might prompt the clinician to order
a CT pulmonary angiogram (CTPA) to evaluate for pulmonary embo-
lism. In the setting of hypertension, patients presenting with chest pain
may be referred for a CT angiogram (CTA) to evaluate for aortic dis-
section. Exertional chest pain or chest pain radiating down the left arm
with elevated serum troponin levels may trigger a workup for acute
coronary syndrome (ACS), usually in the form of a stress test. More
recently, advanced cardiac imaging techniques such as coronary CTA
have demonstrated the ability to rule out ACS and allow the safe dis-
charge of patients with chest pain from the emergency department [2].
CT guided fractional flow reserve (CT-FFR), and CT perfusion (CTP)
have also recently been used to detect coronary artery stenosis and to
perform concurrent hemodynamic evaluation, but the former requires
significant computational skills and the latter requires administration of
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adenosine or Regadenoson for simulating stress perfusion conditions,
thus limiting their use in the emergency setting. In the current case, we
show that despite being performed using different protocol than cor-
onary CTA or myocardial perfusion CT, a gated CTA for dissection (CT
aortogram) is capable of detecting resting perfusion abnormalities in
patients presenting to the emergency room with nonspecific chest pain.

2. Methods

Our institution's CTA dissection protocol uses electrocardiogram
(ECG)-gating along with a standard tube voltage of 120 kV, current of
150 mAs, tube rotation time of 0.6 s, and pitch factor of 0.813. A pre-
contrast phase is acquired from the aortic arch through the diaphragm,
followed by a gated arterial phase acquired from the lung apices to the
bottom of the heart. The study is then continued in a non-gated fashion
to the pubic symphysis. Arterial phase imaging is triggered by bolus
tracking in the aorta at the level of L1, with a trigger threshold of 150
Hounsfield Units, following a 90 cc injection of contrast at a rate of
4.0 cc/s.

3. Case report

A 49-year-old man with a history of diabetes mellitus and hy-
pertension presented to our institution's emergency department with
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complaints of shortness of breath for the past two weeks and inter-
mittent chest pain beginning on the day prior to presentation. The
patient described his chest pain as a stabbing pressure and chest hea-
viness radiating to the left shoulder and back. The pain was temporarily
alleviated with aspirin and naproxen, but subsequently returned.
Associated symptoms included diaphoresis and trouble breathing. The
patient's family history was notable for a myocardial infarction in his
grandfather at age 75. He denied any history of smoking or drug use. At
the time of his presentation, he was taking no medications, having
discontinued his own anti-diabetic medication one week earlier. Upon
presentation to the emergency department, the patient was found to be
tachycardiac to 105 beats per minute and hypertensive to 152/
95 mm Hg. Physical exam was otherwise unremarkable, including a
normal cardiac and respiratory exam. An ECG demonstrated tachy-
cardia as described, a slightly prolonged corrected QT interval (QTc) of
464 ms, and T-wave inversions in the lateral and anteroseptal leads
(leads I, avVL, and V1-V5). Laboratory results were notable for leuko-
cytosis to 13.7 K/ul, hyperglycemia to 356 mg/dL, and elevated serum
pro-brain natriuretic peptide (pro-BNP) to 1018 pg/mL. D-dimer was
negative. The first two sets of troponins remained stable at 37 ng/L and
35ng/L, respectively, levels that are considered indeterminate at our
institution (< 6-14ng/L is normal; 15-51 ng/L is indeterminate, >
51 ng/L is elevated).

The patient's blood pressure subsequently climbed as high as 184/
118 mm Hg in the emergency department. Given the patient's pre-
senting symptom of chest pain radiating to his back, profound hy-
pertension, negative D-dimer, and indeterminate troponins, a CT aor-
togram was requested to evaluate for aortic dissection.

4. Results

The ECG-gated CT aortogram demonstrated no evidence of aortic
dissection or intramural hematoma but was notable for low attenuation
within the left ventricular subendocardium along the anterior wall,
septum, and apex (Fig. 1) and moderate to severe narrowing of the mid-
left anterior descending (LAD) coronary artery as well as the first di-
agonal branch (Fig. 2). Given these CT findings, a presumed diagnosis
of angina was made. Cardiology was consulted, and the patient was
admitted to the telemetry unit with a plan for a cardiac catheterization.
The patient was started on aspirin, metoprolol, atorvastatin, insulin,
and a heparin drip.

Cardiac catheterization the next morning confirmed the findings
seen on CT and the patient was treated with angioplasty and stenting of
the LAD and angioplasty of the first diagonal branch (Fig. 3). The pa-
tient recovered well following the procedure, denying further episodes
of chest pain or shortness of breath, and was discharged with plans for
outpatient cardiology follow up.

5. Discussion

For patients presenting with chest pain, emergency department
physicians can narrow their differential diagnosis using tests ranging
from a 12-lead ECG and stress test to more advanced CT studies de-
pending on the level of suspicion for particular diagnoses. The standard
of care for patients with suspected angina and negative troponins is
provocative testing [3]. Recently, coronary CTA (CCTA) has emerged as
a new and adjunct test for coronary artery evaluation in patients with
low-to-intermediate risk chest pain [2,4,5], but requires administration
of beta-blockers and sublingual nitroglycerine. CT-perfusion (CTP)
imaging has also emerged as a means to assess coronary blood flow, but
requires administration of a stress agent and is time consuming and thus
not practical in the emergency department setting. In patients in whom
an aortic dissection is suspected, a gated or non-gated CT aortogram can
be requested and is considered appropriate [6]. At select, highly spe-
cialized centers, triple rule out (TRO) CTA has a role in evaluating
patients with nonspecific chest pain, in whom acute coronary

149

Clinical Imaging 54 (2019) 148-152

syndrome, pulmonary embolism, and aortic dissection can be evaluated
with one scan protocol.

In the current case, a myocardial perfusion abnormality and asso-
ciated coronary artery stenoses were incidentally detected on a CT
aortogram, requested to evaluate for aortic dissection, despite the
protocol not requiring the administration nitroglycerine or a stress
agent. Our institution's dissection protocol is performed with ECG-
gating, which, in addition to minimizing motion of the aortic root that
can sometimes mimic a dissection flap, also facilitates evaluation of the
coronary arteries without adversely affecting emergency department
workflow [7-9]. Even though sublingual nitroglycerin and beta-
blockers are not administered, in contradistinction to CCTA done for
ruling out coronary artery disease, an ECG-gated CT aortogram still
allows for evaluation of coronary artery stenosis if performed properly.
Of note, diagnostic accuracy for coronary artery stenosis of 50% or
greater has been shown to be higher in all coronary artery segments
following the administration of sublingual nitroglycerin, and sig-
nificantly higher in the proximal coronary artery segments [10]. Given
that elevated heart rates are associated with motion artifacts that could
degrade the image quality and decrease the sensitivity of the exam,
beta-blockers are believed to improve diagnostic accuracy of CCTA
through their ability to lower the heart rate [11-17]. It is for these
reasons that nitroglycerin and a beta-blocker are routinely administered
prior to a dedicated CCTA, provided no contraindication exists.

Inevitably, a subset of patients presenting with chest pain presumed
to have one clinical diagnosis will turn out to have a different diagnosis.
In the current case, the cause of chest pain was presumed to be an aortic
dissection, but was subsequently proven to represent the sequelae of
myocardial ischemia. Mano et al. reported retrospectively detecting
myocardial perfusion abnormalities in 28% of 154 consecutive patients
undergoing non-ECG-gated CT aortograms that were read as negative
for pulmonary embolism and aortic dissection [18]. If a myocardial
perfusion abnormality is detected at CTA, it suggests severe coronary
artery stenosis, likely to demonstrate > 90% stenosis at angiography. In
fact, in a study of emergency department patients undergoing non-ECG-
gated CT aortograms, Huang et al. found that cardiac perfusion ab-
normalities had a specificity of 95% in identifying individuals with
acute myocardial infarctions [19]. Likewise, in nuclear medicine ima-
ging, a resting myocardial perfusion defect is expected to demonstrate a
correlate of > 90% stenosis at angiography [20]. However, perfusion
abnormalities may also represent ischemia rather than infarction, as in
the current case.

As ECG-gated CTAs become more widely available [21], it is im-
portant for even non-cardiothoracic imagers to include the myocardium
and coronary arteries in their search patterns, just as they should
analyze the aorta on a CTPA and the pulmonary arteries on a dissection
study. Specifically, it is important to describe the presence of coronary
artery plaque, the degree of coronary artery narrowing, and the pre-
sence and distribution of myocardial perfusion abnormalities [22].
Imagers should also be aware that myocardial hypoattenuation could
sometimes be artifactual, rather than secondary to a perfusion ab-
normality [23,24]. Choi et al. classified several types of artifacts that
could potentially interfere with CCTA interpretation: Beam-hardening
artifact/structural artifact due to adjacent high-attenuation material
(calcification, surgical material, or contrast within an adjacent struc-
ture), motion artifact, and artifacts related to technical errors (sub-
optimal scan parameters, poor contrast enhancement, or incomplete
anatomic coverage) [25]. Specifically, beam hardening has been im-
plicated as a frequent cause of artifactual myocardial hypoattenuation,
most commonly affecting the posterobasal wall of the left ventricle but
also seen in the inferior and anteroapical left ventricular segments
(Fig. 4) [26]. Beam hardening artifact characteristically produces a
triangular area of transmural hypoattenuation radiating from a hyper-
attenuating structure. In contrast, cardiac motion also produces focal
hypoattenuation, but with alternating areas of hyperattenuation [27].
ECG-gating, as well as the speed with which modern multidetector CT
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Fig. 1. Reformatted 4-chamber (a) and short axis (b) ECG-gated CT aortogram images of the heart at window width 400 HU and window level 50 HU demonstrating a
hypoperfusion defect of the anterior, septal, and apical myocardium (solid black arrows). Compare to normally perfused myocardium on the same images (solid
white arrows). The hypoperfusion defect is seen to even greater advantage on the same reformatted 4-chamber (c) and short axis (d) ECG-gated CT aortogram images
of the heart with window width set to 200 HU level and window level to 100 HU.

Fig. 2. Axial ECG-gated CT aortogram image demonstrating stenosis of the left
anterior descending (LAD) coronary artery (solid black arrow) and the first
diagonal branch (dashed black arrow).

scanners acquire data, are said to reduce cardiac motion-related arti-
fact. A true myocardial perfusion abnormality must be seen in a sub-
endocardial location and in a vascular distribution, whereas artifact
may be focal but not usually subendocardial or global. The presence of
a possible perfusion abnormality should prompt the radiologist to
evaluate the coronary artery supplying the affected myocardial

distribution. Furthermore, given the likelihood of artifacts associated
with cardiac motion, respiratory motion, and beam hardening, all cases
with a suspected perfusion abnormality should be reviewed in multiple
planes and, if available, in multiple phases, with an awareness of the
myocardial segments supplied by each coronary artery to determine if
the apparent abnormality is perfusion related.

6. Summary

In summary, a cardiac perfusion abnormality detected at CT re-
presents a resting perfusion defect, and may represent high-grade cor-
onary artery stenosis. Such a finding is likely to be more apparent on
ECG-gated imaging than on non-ECG-gated modalities. Therefore, vig-
ilance in evaluating the heart is a necessity for all radiologists reading
ECG-gated CT aortograms, and, in the setting of a cardiac perfusion
abnormality, may result in timely triage of patients to cardiac cathe-
terization. Despite a different protocol than coronary CTA or myo-
cardial perfusion CT, gated CT aortogram is capable of detecting resting
perfusion abnormalities in patients presenting to the emergency room
with chest pain. Radiologists should familiarize themselves with find-
ings related to myocardial perfusion abnormalities (vascular distribu-
tion and subendocardial low attenuation) so that they can recognize
these findings and alert referring clinicians.
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Fig. 3. Subsequent conventional coronary angiography confirmed severe ste-
nosis (solid white arrows) of the mid LAD shown on RAO view (a) and the
proximal first diagonal branch shown on LAO view (b). Angioplasty and stent
placement (solid black arrows) were performed at the site of LAD stenosis (c).
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Fig. 4. (a) Axial image from an ECG-gated CT aortogram performed on a 57-
year-old male with chest pain demonstrating artifactual hypoattenuation of the
apical lateral left ventricular myocardium (solid black arrow) secondary to
beam hardening artifact caused by a metallic button external to the patient
(solid white arrow). (b) Axial image from an ECG-gated CT aortogram per-
formed on a 67-year-old male with chest pain demonstrating artifactual hy-
poattenuation within the basal inferolateral left ventricular mid-myocardium
(solid white arrows). Note that the subendocardium is normally perfused (solid
black arrow) and that the area of hypoattenuation does not correspond to a
vascular distribution.
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