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Non-Contrast Electron Density Detection of Pulmonary
Thromboembolism and Myocardial Infarction

Deteccion de tromboembolismo pulmonar e infarto de miocardio por medio de densidad de

electrones sin contraste

GASTON A. RODRIGUEZ-GRANILLO' MTsAC.

Most research involving spectral computed tomog-
raphy (CT) has been related to its ability to improve
tissue characterization in contrast-enhanced acqui-
sitions, while preliminary investigations have sug-
gested its usefulness for tissue characterization in
non-enhanced examinations.(1,2) Dual-layer spectral
CT enables the direct estimation of tissue electron
density (ED) on a voxel (volumetric pixel, the mini-
mum processable unit of a three-dimensional matrix,
the equivalent of the pixel in a 2D object) basis, with-
out modifications of acquisition protocols.(3) Previous
studies have suggested improved tissue characteriza-
tion using ED imaging.(4)

We report the case of a patient admitted with an
acute ischemic stroke, in whom a cardiac CT request-
ed to rule out a cardiac embolic source, identified the
presence of pulmonary thromboembolism and myo-
cardial infarction, both findings being identifiable us-
ing the non-contrast coronary artery calcium scan.

A 66-year-old man with hypertension and type
2 diabetes as coronary risk factors, and a history of
coronary artery bypass grafting (left internal mam-
mary artery to left anterior descending artery) 17
years ago, presented to the clinic with right hemiano-
psia, 30 hours after symptoms onset (NIHSS 2). His
blood pressure was normal (129/85 mmHg) and his
pulse was regular (77 bpm). A brain magnetic reso-
nance was performed demonstrating a temporooc-
cipital acute ischemic lesion, with occlusion of the P2
segment of the posterior cerebral artery, outside the
therapeutic window for acute treatment.

Five days before he had been admitted to another
institution due to a non-ST elevation myocardial in-
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farction, and after percutaneous coronary revascular-
ization with stent deployment in the left circumflex
artery, he was discharged with no complications.

On admission, his daily treatment included aspirin
100 mg, clopidogrel 75 mg, bisoprolol 2.5 mg, dapagli-
fozin 10 mg, and rosuvastatin 20 mg.

The ECG showed sinus rhytm, with negative T
waves in DIII and AvF leads. The first cardiac tro-
ponin value was 500 ng/mL, descending thereafter.

A transthoracic echocardiogram was performed,
reporting a preserved global left vetricular function
(left ventricular ejection fraction 58%) with inferior
and inferolateral hypokinesis. A cardiac CT (IQon
Spectral CT scanner, Philips Healthcare, The Neth-
erlands) was requested to rule out an embolic source
(Figure 1). Contrast-enhaced images identified the
presence of pulmonary thromboembolism (Figure 1,
panel a, arrow), and a severe perfusion defect of the
basal inferior left ventricular wall (Figure 1, panel b,
arrows). A patent stent was detected in the left cir-
cumflex artery, whereas a severe irregular lesion was
identified at the distal (large and dominant) right coro-
nary artery (Figure 2). Of note, using ED imaging, the
pre-contrast coronary artery calcium scan (32 x 0.625
mm collimation, 2.5 mm thickess, 120 kV, 80 mAs, ro-
tation speed 0.33 seconds, triggered at 75% of the RR
interval), enabled the detection of both the pulmonary
thromboembolism (Figure 1, panel ¢, arrow) and the
inferior basal myocardial infarct (Figure 1, panel d,
arrows). The ED value measured at the high-density
area corresponding to the pulmonary thrombus was
107.9 %EDW (mean percentage ED relative to water),
compared with values of 104.3%EDW at the main pul-
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Fig. 1. Contrast-enhanced
cardiac computed tomogra-
phy (panels a and b) showing
a pulmonary thromboembo-
lism (panel a, arrow) and a
myocardial perfusion defect
of the inferior wall (panel b,
arrows). Non-contrast elec-
tron density images derived
from coronary calcium scor-
ing scan (panels ¢ and d)
showing the same findings
without contrast administra-
tion. Thrombus displayed as
white, related to high elec-
tron density values (panel ¢),
whereas the perfusion defect
is displayed as an area with
low electron density values
(panel d).

Fig. 2. Coronary CT angio-
gram, showing a large and
dominant right coronary ar-
tery with a severe distal le-
sion (panel a, arrow), and a
patent stent in a small left
circumflex artery (panel b).
Cardiac magnetic resonance
(panels ¢ and d) images dis-
played in basal short axis
views, demonstrating an in-
ferior-wall myocardial infarc-
tion (panel ¢ T2-weighted
imaging, panel d: late en-
hacement).

monary artery and of 103.9 %EDW at the ascending Cardiac magnetic resonance confirmed the find-
aorta. The ED value measured at the low-density area  ings (Figure 2), showing transmural myocardial ede-
corresponding to the myocardial infarct was 101.9 ma using T2-weighted imaging, and a predominantly
%EDW, compared with values of 104%EDW at the re- subendocardial inferior myocardial infarction.

mote myocardium. The case was interpreted as an ischemic stroke in
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the context of an acute myocardial infarction. Given
the presence of pulmonary thromboembolism, he
received enoxaparin 60 bid for seven days, and oral
apixaban 5 mg bid thereafter. The patient evolved sta-
ble and was discharged.

The assessment of acute myocardial infarction
and pulmonary thromboembolism requires contrast-
enhanced examinations. Although dual energy CT
improves tissue characterization, with an incremental
value among diverse clinical settings, particularly in-
volving cardiothoracic imaging, most research about
dual energy CT involves the ability of iodine density
maps and low monoenergetic imaging to enhance tis-
sue discrimination. On the contrary, the potential use-
fulness of spectral imaging for non contrast examina-
tions remains widely unexplored, especially the role of
ED imaging.

Coronary artery calcium scoring (CAC) has been
extensively validated for atherosclerotic cardiovas-
cular disease risk assessment among asymptomatic
patients. Nonetheless, the role of CAC testing as a
gatekeeper within the Emergency Department re-
mains uncertain if not discouraged. In this regard, a
recent large registry including patients presenting to
the emergency department with acute chest pain at
low to intermediate risk for acute coronary syndrome,
who underwent CAC and coronary CT angiography,
identified a 99% negative predictive value of CAC for
ruling out obstructive coronary artery disease and re-
vascularization.

To the best of our knowledge, this is the first case
to report that CAC might potentially be able to detect,
aside from the presence and extent of coronary artery
calcifications, pulmonary artery thromboembolism
and early tissular changes associated with myocardial
infarction. CAC is an unsophisticated, non-contrast,
fast, and safe (associated with low radiation dose)
tool. While performed in a dual-layer configuration
CT scanner, CAC allows the simultaneous acquisition
of spectral data such as ED imaging without affect-
ing routine workflow.(4) In this regard, in a previ-
ous study ED imaging had the lowest deviation from
phantom tissue-equivalent inserts compared to other
spectral parameters.(5)

Our findings are in line with those from a recent
preliminary report including non-gated chest CT ex-
aminations, showing the potential of ED imaging to
improve the detection of low contrast structures, in
part due to the almost absence of noise in ED images.
(6)

The clear identification of pulmonary thrombo-
embolism using unenhanced scans shown in our case
might warrant further research in the field of pul-
monary and cardiac embolic detection. Indeed, pul-

monary embolism is one of the major complications
of stroke, with high rates of death. Furthermore, the
possible identification of myocardial infarction with-
out the requirement of contrast administration might
provide added value among non-enhanced examina-
tions, wich is conceivably relevant for patients with
impaired renal function or for those at risk for con-
trast-induced nephropathy.

In conclusion, we present the first report showing
the potential of CAC perfomed in a dual layer spectral
CT scanner to identify, aside from the presence and
extent of coronary artery calcifications, pulmonary
artery thromboembolism and signs of myocardial in-
farction.
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