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Coronary arterial atherosclerotic 
disease (CAD) has been and 
continues to be a significant 

source of patient morbidity and mor-
tality. Historically, symptomatic pa-
tients often presented later in the disease 
course, leading to high intensity care 
and allocation of healthcare resources. 
Concomitant cardiopulmonary disease 
as well as atherosclerotic disease in 
other vascular territories further exacer-
bated outcomes and expenditures.1-4 

Over the past 20 to 30 years, a par-
adigm shift focusing on cardiovascu-
lar preventive care, early diagnosis, 
and minimally invasive diagnostic 
and therapeutic procedures has led to 
trends of decreasing morbidity and 
mortality along with decreasing inten-
sity of healthcare services.1-5 Between 
2000 and 2010, the American Heart 
Association reported a 30% decline in  

cardiovascular mortality per 100,000 
people, decreasing from 0.34% to 
0.24%.1 These trends are important and 
will continue to drive healthcare pol-
icy and practice given the potential for 
reduced healthcare expenditures and 
improved healthcare efficiency and uti-
lization of healthcare resources. 

Cardiac computed tomography (CT) 
has emerged as an important imaging 
tool in the diagnosis of CAD. In addi-
tion to being noninvasive, advantages 
include high spatial resolution, fast 
patient throughput, and relatively low 
cost compared to other advanced car-
diovascular modalities. Its emergence 
has contributed to the ability to diag-
nose and manage CAD earlier with less  

invasive diagnostic risk and greater cost 
savings.6 

In current best practice medicine, coro-
nary artery calcium scoring CT (CCSCT) 
is essential to preventive screening and 
CAD risk stratification for patients with 
intrinsic and behavioral risk factors.7-8 

Intrinsic risks include a family history 
for atherosclerosis, hyperlipidemia, hy-
pertension and diabetes. Behavioral 
risks include tobacco use, obesity, sed-
entary lifestyle, and an unbalanced, “un-
healthy” cardiometabolic diet. Current 
best practice clinical care strategies uti-
lize coronary CT angiography (CCTA) 
for noninvasive coronary angiographic 
evaluation in symptomatic patients 
who have low (<10%) and intermedi-
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ate pretest (10-90%) probabilities for 
obstructive CAD.8 Additional common 
indications for CCTA include patients 
with 1) typical or atypical chest pain and 
normal or equivocal stress tests and/or 
ECG findings; 2) unexplained or atyp-
ical chest pain with low risk for CAD 
and a possible coronary artery anomaly;  
3) unexplained acute chest pain with 
low or intermediate risk, negative car-
diac enzymes, and normal or equivocal  
ECG findings; and 4) preoperative or  
pre-procedural evaluation of the coro-
nary arteries.6-9 

One of the main concerns with 
CCSCT and CCTA has been radia-
tion exposure. Dose reduction strat-

egies combined with iterative recon-
struction both at the CT acquisition 
and image workstation domain levels 
have dramatically improved the abil-
ity to lower radiation exposure while 
maintaining diagnostic image qual-
ity.10-11 In our cardiac CT practice 
using a 64- and 128-channel multi-
detector-row CT (MDCT), with ap-
propriate dose reduction strategies 
and iterative reconstruction, patients 
may receive as low as a one-chest- 
radiograph-equivalent dose exposure 
(0.2mSv) for CCSCT and a two- to 
three-radiograph-equivalent dose expo-
sure (0.4-0.6mSv) for coronary CCTA 
(Figure 1). Across the spectrum of  

cardiac CT practice, however, there re-
mains wide variability in CT technique 
and radiation exposure. As an example, 
in the multicenter PROMISE trial ex-
amining 10,003 symptomatic patients 
undergoing CCTA versus coronary 
functional testing, the average CCTA 
radiation exposure was 12.0mSv.12 This 
performance is not significantly lower 
compared to early simulated and ac-
tual CCTA performance, when authors  
reported as high as 50-100 radiograph 
equivalent exposures for CCTA.13

To maximize the full potential use 
of cardiac CT and its impact on disease 
detection, patient outcome and health-
care economics in both adult and pedi-

FIGURE 1. A 56-year-old-female (BMI 24) presenting with hypercholesterolemia and chest heaviness had equivocal nuclear stress test results. 
70kVp prospective ECG-gated CCTA was performed with tube current modulation on a 128-channel MDCT scanner. Image quality was opti-
mized by 1) injecting high-concentration contrast medium (HCCM; 350mgI/ml) at a high injection rate (5.0ml/sec) and 2) utilizing iterative recon-
struction. Volume-rendered (VR) images (A-C) confirm robust image quality with mild disease in the proximal left anterior descending coronary 
artery (LAD). Curved planar reformations (CPR) are remarkable for nonobstructive eccentric mixed composition atherosclerotic plaques in the 
proximal LAD (E, arrows) as well as nonobstructive, noncalcified atheroma in the proximal left circumflex coronary artery (LCX; F, arrows). No 
demonstrable plaque is present in the right coronary artery (RCA; D). CCTA radiation exposure for this patient was 0.34mSv. 
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atric (Figure 2) patients, it is essential to 
apply dose reduction strategies. Cardiac 
CT imagers should strive to deliver radi-
ation doses that are As Low As Reason-
ably Achievable (ALARA). As will be 
discussed and illustrated in the context 
of CAD, this requires careful review and 
consideration of all direct and indirect 
technical parameters which may impact 
radiation exposure, image noise and di-
agnostic image quality. Through this 
patient-centric approach, dose exposure 
and image quality are optimized while 
radiation risk is mitigated for each indi-
vidual patient. 

CTA Technique 
Acceptable noise, and thus how low 

radiation can be targeted, will vary 
among cardiac CT readers and patient 
care providers. It is important to reach a 
balance, as excessive noise may dimin-
ish the accuracy of exam interpretation 
and confidence in using the exam for 
clinical decision making. While rec-
ommended protocols are needed for 
efficient workflow, selection of the ac-
quisition parameters and ancillary dose 
reduction strategies should be made 
specific to each patient. This will de-
pend upon a patient’s body habitus, the 

ability to deliver high intravascular io-
dine content and the MDCT hardware 
and software configurations. 

Patient preparation
Among recommended steps to pre-

pare for a low-dose cardiac CCTA, ini-
tial review centers on a patient’s body 
mass index (BMI), renal function, vein 
site and size for intravenous (IV) con-
trast delivery, and heart rate (Figure 3). 
The BMI is a primary determinant in the  
selection of radiation parameters while 
renal function and venous access will 
factor into contrast medium delivery and 
prevention of adverse events. In general, 
large gauge IV catheters (eg, 18g) placed 
in larger caliber peripheral veins (eg, 
antecubital fossa) will safely allow for 
high contrast flow rates. The higher flow 
rates are necessary to optimize iodine 
delivery and the intravascular contrast to 
noise ratio (CNR). Heart rate control to 
an ideal range of 50-60 bpm is advised. 
This affords selection of prospective 
ECG gating with confidence that image 
quality will not be compromised by  
cardiac motion. Cardiac motion may 
exacerbate image noise while rendering 
segments non-diagnostic 

When the patient is placed on the CT 
gantry table, several measures should 
be taken to optimize photon delivery 
and minimize the impact of noise. First, 
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FIGURE 2. A 4-year-old male with D-transposition of the great arteries (D-TGA) underwent an arterial switch operation (ASO) with a Lecompte 
maneuver. 80kVp retrospectively gated 64-channel CCTA was acquired through the chest to evaluate coronary and pulmonary arterial patency. 
Automated tube current modulation and ECG tube current pulsation were utilized. Multiplanar reformations (MPR) demonstrate patent reim-
planted RCA (A, long arrow) and left main (LM; B, long arrow) ostial segments, along with patent proximal native RCA (A, short arrow) and LAD 
(B, short arrow) segments. Mild nonobstructive smooth narrowing is present in the proximal left pulmonary branch artery (C, arrow) as it crosses 
next to the ascending aorta. The right branch pulmonary artery is patent without demonstrable negative remodeling. CCTA radiation dose expo-
sure was 1.3mSv. 
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FIGURE 3. A 45-year-old male with hypercholesterolemia and a family history for CAD pre-
sented with worsening chest pain and a negative exercise stress test. Following beta-blocker 
heart rate reduction to a regular rate of 58 bpm, a CCTA was performed on a 128-channel 
MDCT scanner with prospective ECG-gating, 100 kVp, automated dose modulation, and iter-
ative reconstruction, yielding a dose exposure of 2.1mSv. HCCM (350mgI/ml) was injected at 
a rate of 5.5ml/sec via an antecubital 18g IV catheter. As shown in an oblique multiplanar ref-
ormation (A), the exam is remarkable for proximal LAD short segment noncalcified atheroma 
with positive remodeling (short arrows) and focal plaque ulceration (long arrow). The unstable 
plaque with ulceration is confirmed on a short axis reconstruction (B, arrows). 
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the patent should be positioned with the 
targeted region isocenter in the gan-
try. This will yield more uniform pho-
ton delivery. Next, all external metallic  
objects should be removed from the 
expected scan region. The high-den-
sity material will limit photon expo-
sure, cause streak artifact, and may also  
exacerbate potential increased noise 
when prescribing low-dose parameters. 
Raising the upper extremities out of the 
field of view will reduce noise resulting 

from the increased soft tissue attenua-
tion. Once the exact position is finalized, 
breast shields can be applied for female 
patients; general shielding of non- 
targeted anatomy is also a consideration. 

Acquisition
The objective of cardiac CT angiog-

raphy is to synchronize image acquisi-
tion with the delivery of iodine at the 
peak of arterial enhancement within the 
left-sided cardiac chambers, coronary 

arteries and aorta. The quality of the 
CCTA images is characterized by the 
degree and detail of enhanced structures 
in relationship to background organs 
and soft tissues (Figure 4). Acquisition 
parameters are selected to maximize 
spatial and contrast resolution while 
minimizing noise and artifacts. Arti-
facts may include cardiac and arterial 
pulsation, respiratory motion, patient 
motion, high density streaks, beam 
hardening and edge pixilation. 
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FIGURE 4. A 54-year-old female with chest pain and exertional shortness of breath had an equivocal stress test. 100 kVp prospective ECG-
gated CCTA on a 128-channel MDCT scanner was performed with dose modulation, HCCM (350mgI/ml), high injection rate (5.0ml/sec) and 
iterative reconstruction. VR images (A-C) reveal excellent image quality with a left dominant circulation – note the larger caliber of the LCX and 
smaller RCA caliber. Curved planar reformations (CPR) are remarkable for nonobstructive calcified and noncalcified atherosclerotic plaque 
(arrows) in the left main (LM, D), LAD (D), LCX (E), and first obtuse marginal (OM1, F). CCTA radiation dose exposure was 1.1mSv.
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Spatial resolution, as defined by the 
matrix size, is controlled by the detector 
width and collimation configuration. For 
cardiac CT angiography, isotropic sub-
millimeter acquisitions are necessary for 
the highest spatial resolution. Noise and 
edge pixilation are inversely proportional 
to the square root of matrix size, such 
that noise will increase when reducing 

the detector width.14 Reconstruction into 
thicker datasets can reduce noise at a cost 
of reduced spatial resolution and diag-
nostic accuracy. To avoid compromis-
ing spatial resolution, reducing radiation  
parameters in moderate and high BMI 
patients should proceed with caution. 

Contrast resolution is directly de-
pendent upon the degree of iodine  

attenuation and the tube voltage (kVp). 
Single-source and single-energy MDCT 
scanners may have up to five voltage 
options: 70, 80, 100, 120, and 140. Re-
ducing the voltage will increase iodine 
attenuation and the relative intra-car-
diac and vascular density as the photons 
will be closer to the k-edge of iodine 
(33.2keV).15 Reducing the voltage has 
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FIGURE 5. A 67-year-old female (BMI 25, heart rate 61 bpm) with prior LAD stent placement presented emergently with acute chest pain. 
Cardiac enzymes were normal while an ECG revealed no findings for an acute coronary event. 100 kVp prospective ECG-gated CCTA was per-
formed on a 128-channel MDCT scanner with low-dose techniques, yielding an exposure of 0.97mSv. While the stent (A, short arrows) is patent 
without significant neo-intimal hyperplasia nor in-stent restenosis, as shown in the CPR image, there is a short segment in the proximal native 
LAD with eccentric noncalcified atheroma resulting in 40-50% inflow stenosis (A, long arrow). Multifocal nonobstructive atheroma is present in 
the native LAD distal to the stent. Complex mixed-composition atheroma in the nondominant LCX results in proximal LCX focal 50-70% obstruc-
tive stenosis (B, arrow). Minimal eccentric noncalcified, nonobstructive atheroma is present in the proximal RCA (C, arrows). 
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FIGURE 6. A 70-year-old male with prior three-vessel coronary artery bypass grafting (CABG), presented with worsening exertional shortness 
of breath. A 100 kVp retrospective ECG-gated CT angiogram was acquired through the chest. Radiation reduction strategies were employed 
resulting in an exposure of 2.1mSv. Key findings include 1) a patent but tortuous left internal mammary arterial graft (A, short arrows) with a pat-
ent anastomosis (A, thick arrow) and patent distal native LAD (A, long arrow); 2) a small caliber diagonal saphenous vein graft (SVG) with proxi-
mal tandem >70% obstructive stenoses (B, short arrows) and distal focal 30-50% stenosis (B, long arrow); and 3) a patent obtuse marginal-SVG 
with intermittent regions of nonobstructive intimal hyperplasia (C, arrows). 
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the additional benefit of reducing radi-
ation dose. This occurs, however, at the 
cost of increased noise.15 Automated 
voltage determination software on se-
lect scanners can assist in accurate kVp 
selection to optimize reduced dose and 
image quality. 

Based upon the anticipated noise and 
what the operator feels will be accept-
able noise for a given patient’s BMI, the 
operator can manipulate the tube current 
(mA) and exposure time (seconds) to 
control the flow of photons and radiation 
exposure (tube current x exposure time, 
mAs). Increasing exposure inversely 
decreases noise by the square root of the 
exposure while directly increasing the 
amount of radiation dose.16 Automated 
tube current modulation affords greater 
objective control and balance between 
reduced exposure and noise (Figure 5). 
ECG-pulsing of the tube current should 
be utilized in retrospective ECG-gated 
CT angiograms (Figures 6 and 7).

Weight-based (eg, BMI) voltage 
and tube current parameters are rec-
ommended. Parameters may require  
modification, depending upon the 
MDCT scanner; contrast delivery  

protocol; patient positioning; and pres-
ence of metallic devices, stents, surgi-
cal clips, wires, and other high density 
material; and the preference of the car-
diac imager, primary care provider, or 
both (Figures 5 and 6). When imaging 
younger pediatric patients (eg, coronary 
anomaly to complex congenital heart 
disease, Figure 2), voltage and tube cur-
rent adjustments may be more aggressive 
depending upon the patient’s age and rel-
ative organ radiosensitivities. For both 
adult and pediatric patients undergoing 
contrast-enhanced cardiac CT, the utili-
zation and degree of iterative reconstruc-
tion techniques will also factor into how  
aggressively an operator will reduce 
dose, specific to the patient and needs to 
maintain diagnostic image quality.10-11

Protocol series
A CCTA protocol typically has 4 se-

ries. The first is the required topogram, 
necessary to prescribe the axial images. 
To reduce radiation exposure, a single 
anterior-posterior topogram is recom-
mended. The topogram voltage should 
be set to equal the anticipated voltage 
for the angiographic acquisition, in 

order to utilize automated tube cur-
rent modulation. The second series 
is the CCS acquisition with prospec-
tive ECG-gating. Scoring requires the 
acquisition of 3-mm-thick images at 
120kVp. The tube current, however, 
can be reduced to an appropriate level 
in accordance with ALARA principles; 
iterative reconstruction can be utilized 
with CCS datasets to optimize quality. 
The third series is a timing acquisition 
(automated bolus triggering vs. test 
bolus), which is essential for precise 
synchronization of cardiovascular en-
hancement and image acquisition. Rea-
sonable low-dose parameters should 
be selected. By nature of the cardiac 
CT angiogram, all protocols require 
the fourth series, in which the contrast 
enhanced angiographic images are  
obtained. Precise attention to techni-
cal detail is essential to avoid repeat-
ing the series and delivering additional  
radiation dose. The Z-axis field of 
view coverage should not extend  
beyond the cardiac region of interest. 
For patients who do not require func-
tional evaluation and have regular 
heart rates of 50-60 beats per minute,  

FIGURE 7. A 42-year-old male presented acutely with chest pain, palpitations and nonsustained right ventricular tachycardia. 100 kVp ret-
rospectively gated CCTA with ECG pulsing and iterative reconstruction was performed, demonstrating normal coronary arteries and normal 
imaged thoracic aorta and pulmonary arteries. As shown at the level of the atrioventricular valves (A) and the inferior heart (B), CCTA images 
reveal thinning of the anterior wall of the right ventricle associated with fat infiltration (thin arrows). Dynamic CINE imaging is remarkable for dis-
tal anterior wall focal dyskinesia (thicker arrows). The constellation of clinical and imaging findings supported the diagnosis of arrhythmogenic 
right ventricular dysplasia. CCTA dose exposure was 1.3mSv. 
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prospective ECG-gating is recom-
mended (Figures 1, 3-5). Images are 
acquired with lower anatomical sam-
pling as compared to retrospective 
ECG-gating and as such, results in 
lower exposure. At the discretion of the 
imager, prospective versus retrospec-
tive ECG-gating may be chosen when 
the heart rate is between 66 and 70 bpm 
(Figure 2). If proceeding forward with 
a heart rate of 71-80 bpm, retrospec-
tive ECG-gating is recommended. This 
will afford cardiac multiphase arterial 
segment interrogations along with the 
added benefit of chamber and valvular 
functional evaluations (Figure 7). The 
cost, however, is higher radiation expo-
sure. Exposure and image quality can be 
controlled with core radiation reduction 
strategies and iterative reconstruction 
(Figures 6 and 7). 

Contrast medium delivery
As noise increases, to achieve a 

constant CNR for a given cardiovas-
cular territory (eg. contrast resolu-
tion), the intra-cardiovascular iodine 
attenuation (density) must increase. 
In addition to decreasing the voltage, 
the other means to increase iodine at-
tenuation is to directly increase the io-
dine content in the targeted territory. 
The strategy is to deliver an appro-
priate weight-based amount of iodine 
(iodine dose) at an appropriate, rel-
atively fast rate (iodine flux) and ac-
quire images when the iodine reaches 
peak accumulation in the targeted ter-
ritory. The amount of iodine and vol-
ume of contrast that can be safely de-
livered is limited by a patient’s body 
weight and renal function, while the 
rate of injection (eg, 5-5.5ml/sec)  
is limited by the venous access. High- 
concentration (350-370mgI/ml) con-
trast medium is recommended to op-
timize the iodine dose and reduce the 
volume of contrast (Figure 4). 

A dual-lumen power injector is rec-
ommended for contrast delivery. In-
fusion of saline (in the second lumen) 
following the contrast injection assists 
in the low dose CCTA initiative by  

improving contrast volume utilization, 
prolonging the peak of injection, and re-
ducing perivenous streak artifacts. The 
saline volume varies depending upon 
the injector tubing length and body 
weight. The rate of injection should 
equal the contrast injection rate. 

Practice quality improvement
Routine quality assurance reviews 

of patient-centric low-dose cardiac CT 
examinations are recommended. The 
objectives are to confirm safe radiation 
practice, safe contrast delivery, and ac-
ceptable and reliable image quality. 

Reviews should address the pre-
scribed parameters, exam coverage, 
contrast medium administration, ra-
diation output (eg. CTDIvol, DLP), 
absorbed patient radiation dose, CNR, 
image noise, motion and other artifacts. 
Subjective image quality feedback 
should be obtained from both read-
ers and patient care providers. Where 
needed, protocols should be revised to 
improve the success of low dose and  
ultra-low dose cardiac CT imaging. 

Conclusion
Screening for CAD and primary and 

secondary preventive clinical manage-
ment have made a significant impact on 
decreasing cardiac morbidity and mor-
tality. Cardiac CT has emerged over the 
past 10 years as an important imaging 
tool for the diagnosis of coronary arterial 
disorders. Cardiac CT has contributed to 
the ability to diagnose and manage CAD 
earlier with less invasive diagnostic risk 
and greater cost savings. To realize the 
full potential of cardiac CT to impact 
disease detection, patient outcomes and 
healthcare economics, it is essential to 
apply dose reduction strategies through a 
patient-centric approach. In this manner, 
radiation exposure and image quality are 
optimized, while a patient’s radiation 
risk is mitigated. 
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