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the most important diagnostic imaging modalities for the evaluation of coronary artery diseases.
During coronary computed CTA, sufficient vascular enhancement is essential for the accurate de-
tection and evaluation of lesions in the coronary arteries. To obtain optimal contrast enhancement
and perform appropriate clinical coronary CTA, physicians, radiologists, and radiology technolo-
gists should acquire a basic knowledge of contrast injection protocols.

Conclusion: This review article summarizes the basic concepts of contrast injection protocols for
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1. INTRODUCTION

With the introduction of 64-row multidetector Computed
Tomography (CT), coronary CT Angiography (CTA) has
emerged as effective noninvasive modalities for the evalua-
tion of coronary artery diseases [l, 2]. During coronary
CTA, sufficient vascular enhancement is crucial for the accu-
rate detection and evaluation of lesions in the coronary arter-
ies [3].

In recent years, there have been several advances in CT
hardware and scanning techniques for coronary CTA, which
are ongoing. Currently, various CT systems, such as 64-row,
128-row, 256-row, 320-row and dual-source CTs, are clini-
cally used for coronary CTA. Furthermore, there is a wide
variety of scan modes, including retrospective electrocardio-
gram (ECGQG)-gated helical scan, prospective ECG-triggered
axial scan, prospective ECG-triggered volume axial scan
with wide detector arrays, and prospective ECG-triggered
helical scan with dual-source scanners. However, these me-
chanical and technical complexities make it difficult to
choose an appropriate contrast injection protocol for coro-
nary CTA. Having a complete understanding of contrast in-
jection protocols is important to perform clinically feasible
coronary CTA regardless of CT systems and scanning tech-
niques.
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This review article summarizes the basic concepts of
contrast injection protocols for coronary CTA based on pre-
vious reports.

2. BASIC KNOWLEDGE OF CORONARY ARTERY
CONTRAST ENHANCEMENT

Intracoronary contrast attenuation directly affects diag-
nostic performance and coronary plaque assessment in coro-
nary CTA [4, 5]. Therefore, achieving diagnostically appro-
priate contrast enhancement is very important for the accu-
rate diagnosis of coronary artery diseases with coronary
CTA.

Concepts of an ideal contrast injection protocol for coro-
nary CTA include the following:

1. Appropriate contrast enhancement.

2. Homogeneous contrast enhancement in all coronary
arteries.

3. Minimal interpatient variability in contrast en-
hancement.

4. High reproducibility in contrast enhancement.
5. Simple technique.
6. Low cost.
7. Patient-friendly procedure.
Unfailing contrast injection protocols are clinically

needed, and challenging protocols, such as using an ex-
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tremely low Contrast Material (CM) dose, should be avoided
in routine clinical practice.

Lower intracoronary attenuation of <300 HU on coronary
CTA results in a reduced diagnostic accuracy of the detec-
tion of coronary artery stenosis, especially in distal coronary
segments [3, 5]. Therefore, higher intracoronary attenuation
is needed to achieve an appropriate diagnosis. On the other
hand, attenuation of >500 HU leads to a significant underes-
timation of stenosis due to blooming artifacts [6]. In addi-
tion, higher attenuation interferes with coronary calcification
[7]. Besides, intracoronary attenuation significantly affects
coronary plaque attenuation when assessing coronary plaque
characterization [4], as coronary plaque attenuation increases
with lumen attenuation. Consequently, the target attenuation
value of the proximal coronary artery is considered to be
350—400 HU [6, 8, 9].

3. CONTRAST VOLUME

The Society of Cardiovascular Computed Tomography
(SCCT) guidelines for the performance and acquisition of
coronary CTA mentions that contrast volume should be
adapted to the scan time and patient’s physique [10]. Typical
contrast volumes range from 50 to 100 mL with high iodine
concentrations (usually 320-400 mgl/mL). A patient weight-
tailored CM dose protocol can yield steady vessel enhance-
ment. In fact, previous reports recommend a contrast volume
of 245-370 mgl/kg with a short injection duration [11, 12].

In recent years, the incidence of Contrast-induced Neph-
ropathy (CIN) after an intravenous delivery of CM for con-
trast-enhanced CT has remained controversial [13]. Never-
theless, the risks and benefits of contrast injection in patients
at risk of CIN must be carefully considered. Risk factors for
CIN include an estimated glomerular filtration rate of <45
mL/min/mz, severe heart disease, dehydration, diabetes mel-
litus, multiple iodinated CM doses in a short time interval
(<24 h), and use of nephrotoxic medications, such as non-
steroidal anti-inflammatory drugs and diuretics [14]. These
risk factors should be assessed before examination, after
which the lowest diagnostically required contrast volume
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should be used. The following points should be considered
when performing coronary CTA in patients at risk of CIN:
alternative imaging (such as stress testing), minimization of
contrast volume, and prescan hydration. The SCCT guide-
lines recommend lower tube voltage acquisition with itera-
tive reconstruction techniques for low CM dose protocols in
patients at risk of CIN [10].

Scanning with a low-tube voltage (kilovoltage peak
[kVp]) yields higher contrast enhancement than that with the
standard 120 kVp because the x-ray output energy at low
kVp is closer to the iodine K-edge at 33 keV [15], resulting
in CM dose reduction. This method has been widely used in
various CT scan protocols [16-21]. In principle, the CM dose
can be reduced by 20% using 100 kVp scanning and by 40%
using 80 kVp scanning [22-24]. However, 80 kVp scanning
is applicable only for slim patients [16]. In obese patients, 80
kVp coronary CTA tends to yield poorer quality images be-
cause of the increased image noise attributable to radiation
scattering and absorption.

4. INJECTION DURATION

The injection duration should be set in consideration of
the estimated scan time. Optimal arterial enhancement
should be continued for longer than the estimated scan time.
Fig. (1) shows a simulated Time-density Curve (TDC) for
coronary CTA. A very short contrast injection duration can-
not achieve optimal enhancement (350-400 HU). A short
injection duration of <10 s may be inadequate to achieve
sufficient contrast enhancement of all coronary arteries, es-
pecially the distal segments (Fig. 2A). On the other hand, a
longer injection duration of >20s results in streak artifacts
arising from the right atrium, which can interfere with the
coronary arteries [7] (Fig. 2B). Therefore, a contrast injec-
tion duration of 10-20s is considered optimal. Handling of
patients with abnormal cardiac output requires attention, as
cardiac output significantly affects arterial contrast en-
hancement [25]. It is often difficult to achieve optimal con-
trast enhancement in patients with the abnormal cardiac out-
put (both high and low cardiac output). Therefore, a longer
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Fig. (1). Simulated time—density curves of the ascending aorta of a hypothetical adult male (body weight, 60 kg) subjected to varying
injection durations (5, 10, 15, and 20 s) of contrast material injected at 5 mL/s. A short injection duration of 5 s was insufficient to achieve

optimal contrast enhancement (350-400 HU).
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Fig. (2). (A) A curved multiplanar reconstruction image of the left anterior descending artery acquired under a shorter injection duration of 7
s. Contrast enhancement of the coronary artery is insufficient, especially in the distal segments (arrow). (B) An axial source images acquired
with a long injection duration of 30 s. A streak artifact arising from the right atrium interfered with the right coronary artery (arrow).
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Fig. (3). Simulated time—density curves of the ascending aorta of a hypothetical adult male (body weight, 60 kg) subjected to a fixed
injection duration of 15 s injected at 2.0, 3.5, and 5.0 mL/s. As the flow rate increases, the magnitude of contrast enhancement increases.

injection duration is recommended for patients with abnor-
mal cardiac output [10]. Checking on cardiac enlargement on
a scout image is helpful to recognize an abnormal cardiac
output before contrast injection.

5.FLOW RATE

When the contrast injection duration is fixed, a faster
flow rate increases, both the delivery rate and total delivered
amount of CM, which results in a higher magnitude of arte-
rial enhancement (Fig. 3). On the other hand, when the total
amount of CM is fixed, a faster injection increases the deliv-
ery rate but shortens the injection duration and time to peak
enhancement. For coronary CTA, a flow rate of >4 mL/s is
preferred to achieve sufficient arterial contrast enhancement.
Actually, the flow rate is determined based on the contrast
volume and injection duration. Besides, the risk of contrast

extravasation due to a high flow rate should also be consid-
ered.

6. SALINE FLUSH

A saline flush is helpful when small amounts of CM is
used because it pushes the last of the injected CM into the
central blood volume, making use of CM that would other-
wise remain in the injection tubing and peripheral veins [26].
A saline flush also reduces streak artifacts attributable to
dense CM from the superior vena cava and right ventricle
that can limit diagnosis of the right coronary artery [27, 28].
Previous studies indicated that a saline flush allowed the use
of significantly less CM while maintaining the coronary en-
hancement obtained with a larger CM volume [28, 29]. An
injection rate of 4-5 mL/s as a saline flush is reported to be
optimal to achieve maximum enhancement of the coronary
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Fig. (4). Bolus-tracking method. After the start of contrast injection, a region of interest is placed in the ascending aorta and continuous scans
are acquired to monitor the CT number of the ascending aorta. A coronary CTA scan is started after the CT number reaches a threshold of
200 HU in the ascending aorta. Scan images A and B correspond to A and B with arrows on the time—density curve.
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Fig. (5). Test bolus method. After intravenous delivery of a small contrast volume (12 mL), a time—density curve (TDC) is acquired via con-
tinuous scanning of the ascending aorta. Then, an optimal scan delay is determined from the TDC data.

arteries using 64-row CT [29]. In practice, contrast injection
at 4-5 mL/s is followed by the injection of a saline solution
delivered at the same injection rate as the CM. Thirty milli-
meters of saline may be an appropriate amount for optimal
coronary enhancement [30]. Flushing with diluted CM in-
stead of a saline solution is helpful to visualize and assess
the right ventricle, as well as the coronary arteries and left
ventricle [31].

7. SCAN TIMING METHODS

The determination of an appropriate scan timing (scan
delay) for optimal coronary artery enhancement of each in-
dividual is crucial. There are two major scan timing meth-
ods, bolus-tracking and test bolus methods [32] (Figs. 4 and
5).

In the bolus-tracking method, after the start of contrast
injection, a region of interest is placed in the artery (usually,
in the ascending aorta) and continuous scans are acquired to
monitor the CT number of the artery using minimal radia-
tion. Coronary CTA scan is started after the CT number
reaches a specific threshold (usually 150-250 HU in the as-
cending aorta). Disadvantages of this method are 1) Interpa-
tient variability of contrast enhancement due to the post-
trigger delay time (approximately 7 s) and 2) Contrast en-
hancement is subject to the patient’s cardiac output.

With the test bolus method, after intravenous delivery of
a small contrast volume (10-20mL of CM), a TDC is ac-
quired via the continuous scanning of the target artery using

minimal radiation. Then, the optimal scan delay is deter-
mined from the TDC data. A prediction formula for peak
enhancement of a targeted artery depending on the duration
of injection, as reported by Bae [26], is presented as follows.

When the injection duration is < 15 s,

Arterial peak enhancement = Test ,uiya + contrast injec-
tion duration/2 [s].

When the injection duration is >15 s,

Arterial peak enhancement = Test ,uiya + contrast injec-
tion duration — 5 [s],

Where Test ,ival 18 the arrival time of the CM in the tar-
get artery in test bolus scanning. The disadvantages of the
test bolus method are 1) The need for two contrast injections,
2) Prolonged duration, and 3) Technical complexity.

8. SUMMARY OF THE BASIC CONCEPTS OF CON-
TRAST INJECTION PROTOCOLS FOR CORONARY
CTA

The following is a summary of the key points of the CM
injection protocol for coronary CTA.

1. Unfailing contrast injection protocols are clinically
needed.

2. The target coronary attenuation value is 350-400 HU.
The contrast volume of 245-370 mgl/kg is optimal.
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4. Contrast injection duration of 10-20s is recom-
mended.

A high flow rate of 4-5 mL/s is preferred.

6. A saline flush should be used at the same injection
rate as the CM.

7. Bolus-tracking or test bolus method should be used.

CONCLUSION

To perform appropriate clinical coronary CTA, physi-
cians, radiologists, and radiology technologists should ac-
quire a basic knowledge of contrast injection protocols.
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