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Dual-Energy Evaluation
of Coronary Artery Stent

Cheng Xu and Yining Wang

Abstract

Coronary artery stenting has been an impor-
tant therapeutic procedure for patients with
coronary artery stenosis and the number of
patients who received stenting is increasing.
As a noninvasive method, coronary computed
tomography angiography (CTA) has become
increasingly used during the follow-up.
However, beam-hardening artifacts, appear-
ing as dark areas adjacent to metal stents,
limit the diagnostic performance of cardiac
CT, especially when the stent diameter is
<3 mm. Recently, with the rapid technologic
advances, dual-energy CT (DECT) has been
applied in many clinical areas. With dual-
energy CT, attenuation data from different
energies are used to characterize materials,
virtual monoenergetic images (VMI) and stent
subtraction images can be used to improve
the diagnostic performance of stent evalua-
tion. In this chapter, based on a case, we will
discuss the assessment of coronary stent by
dual-energy CT imaging, and further possibly
promising role of CT technology in coronary
stent evaluation.
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5.1 Case of Coronary Stent

5.1.1 History

A 53-year-old male patient felt chest distress and
chest pain lasting for an hour several days ago.
He had a history of PCI a year ago and the stent
was implanted in the proximal segment of left
anterior descending artery (LAD). He was
appointed to coronary CTA for suspected in-stent
restenosis or coronary artery disease (CAD)
progression.

Physical Examination

e Blood pressure: 123/82 mmHg; Breathing
rate: 18/min

e Heart rate: 64 bpm without arrhythmia

Electrocardiograph
e Standard 12-lead electrocardiograph (ECG)
revealed no abnormality.

Laboratory
e Serum myocardial enzyme spectrum showed
negative results.

5.1.2 Imaging Examination

CT Images

Coronary CT angiography (CTA) was performed
on dual-layer detector CT (Figs. 5.1, 5.2, and 5.3).
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Fig. 5.1 Coronary CTA B26f. Curved multi-planar stent (¢ and d). The in-stent lumen patency of proximal
(CPR) reconstructed images (a and b, left anterior LAD was hard to diagnose due to beam-hardening
descending artery [LAD]) and transverse section of the artifact
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Fig. 5.2 Coronary CTA B46f. Curved multi-planar stent (¢ and d). The in-stent lumen patency displayed bet-
(CPR) reconstructed images (a and b, left anterior ter than that on B26f
descending artery [LAD]) and transverse section of the
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Conventional Coronary Angiography
(Fig. 5.4)

5.1.3 Imaging Findings

and Diagnosis
The coronary CTA images results showed the in-

stent lumen patency of LAD was hard to diag-
nose because of beam-hardening artifacts (B26f).

Fig. 5.3 Conventional polychromatic images (a), mono
70 keV (b), mono 90 keV (¢) and mono 100 keV (d) of
LAD. Higher energy level can minimize the beam-
hardening artifact and there is no ISR

The curved multiplanar reconstruction of LAD
on sharp convolution kernel (B46f) displayed the
in-stent lumen of LAD better; there was no in-
stent restenosis but there were noncalcified
plaques in the proximal and middle segment of
LAD, resulting in mild lumen stenosis. On vir-
tual monoenergetic images, the window level and
window width were set at 90 and 750, respec-
tively; it was obvious that 100 keV image dis-
plays the stent better than conventional images
and there was no ISR. The invasive coronary
angiography images confirmed that there was no
ISR but moderate stenosis in middle LAD, which
may contribute to the symptoms.

5.1.4 Management

e Conventional medical therapy for CAD and
clinical follow-up

5.2  Discussion

Coronary artery stenting has been widely intro-
duced into clinical practice. Patients who undergo
PCI experience a reduction or disappearance of
symptoms. However, caused by intimal hyperpla-
sia, in-stent restenosis is one of the main limita-
tions of stent placement. Usually, invasive
coronary angiography is performed when ISR is

Fig. 5.4 Invasive coronary angiography image for LAD (a and b). The result show there was no in-stent restenosis in

LAD but 70% stenosis in middle LAD
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clinically suspected. Accurate evaluation of
stents has always been a challenge on coronary
CTA. Recently, with the development of dual-
energy CT, the in-lumen visibility of small stents
and the diagnostic performance of coronary CTA
have been improved. On coronary CTA, stent
patency can be visually evaluated. If ISR hap-
pens, a darker area between the stent and the
enhanced lumen can be found. Image quality can
be quantified by image noise, visible lumen
diameter, and in-stent attenuation difference.

5.3 Current Technical Status

and Applications of CT

In order to acquire the dual-energy data set, vari-
ous technical approaches have been developed,
including two temporally sequential scans, rapid
switching of X-ray tube potential, multilayer
detector, dual X-ray sources, and photon-
counting detectors [1]. By these approaches,
image sets can be created in the projection
domain or in the image domain. DECT allows the
creation of virtual monoenergetic reconstructions
in which attenuation data approximate data that
would be obtained with a mono-energy X-ray
beam. Images can be created from 40 to
200 keV. VMI reconstructions at low energy
allow for contrast dose reduction and image noise
reduction while reconstructions at a high energy
level can minimize the beam-hardening artifact
[2, 3]. The visible lumen diameter, in-stent atten-
uation difference, image quality of VMI are bet-
ter than conventional images [4].

Coronary stent subtraction CT imaging is
another way to improve the diagnostic perfor-
mance of coronary CTA. By subtracting non-
contrast images from contrast-enhanced images,
stents can be eliminated. Misregistration artifacts
is a major limitation of stent subtraction CT
imaging due to patient movement or changing
HR [5]. With the development of dual-energy

technology, iodine data can be subtracted from
contrast-enhanced images to create virtual non-
enhanced images, subtraction between virtual
non-enhancement images and monochromatic
or mixed-energy images could yield equally
improved in-stent lumen visibility and diagnostic
accuracy without misregistration artifact.

DECT with various reconstruction images
help in the accurate evaluation of stents.

5.4  KeyPoints

e In-stent restenosis is one of the main limita-
tions of PCI treatment.

e DECT with virtual monoenergetic images and
stent subtraction images help to evaluate in-
stent lumen more accurately in CTA.
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