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Introduction 

Technical developments have overcome the limitation 
of cardiac motion artifacts and made cardiac CT widely 
available. Coronary CT angiography (CTA) offers the 
tremendous benefit of obviating an invasive coronary 
angiography exam, specifically in patients with normal CTA 
results. With the additional features of functional cardiac 
and valvular assessment, and myocardial perfusion, CT has 
also become an alternative and complementary modality 
for specific questions traditionally reserved for cardiac 
ultrasound (echocardiography) or magnetic resonance 
imaging (MRI). However, a key component of cardiac CT 
imaging is based upon robust CT protocols adapted to 
available CT technique with reliable enhancement of iodine 
contrast medium (CM). 

Optimal opacification

Contrast enhancement as the result of iodinated CM 
injection is a complex interaction of numerous factors which 
can be divided in patient-related, scanner-related and CM-
related factors (1) (Figure 1). 

Most important patient related factors are body size and 
cardiac output (1). An adaption of the amount of iodine to 
the patient’s body habitus, usually to weight or body-surface 
area, would be ideal (2). However, most cardiac CT studies 
report a consistent amount of CM. This makes sense as this 
is much easier to handle in clinical care. 

Cardiac output affects contrast timing resulting in slower 
arrival of the CM bolus and a delayed enhancement when 
cardiac output is low (1,2). Sub-second acquisitions require 
precise scan timing for optimal opacification, at least of 
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the left cardiac chambers, ascending aorta, and coronary 
arteries. Thus, knowledge of scan delay is crucial and 
needs to be determined individually. Optimal intravascular 
enhancement in coronary CTA is customarily considered 
between 250 and 300 Hounsfield Units (HU) to allow 
optimal differentiation of low-density coronary artery 
atherosclerotic lesions (approximately 40 HU), intermediate 
fibrous plaques (approximately 90 HU) and calcified plaques 
with greater than 130 HU (3-6). 

Basics for CM injection 

CM-related factors include injection duration, rate and 
bolus shaping, CM concentration and physicochemistry, 
and use of a saline chaser (1).

An 18-gauge IV catheter placed in the right antecubital 
vein is preferable, since the left arm might result in high-
attenuation “streak” artifacts in the left subclavian vein and 
internal mammary artery. Hand veins should be avoided. In 
smaller patients, a 20-gauge catheter is also feasible. Central 
line can be used, when catheters are rated for IV injection.

Typically, injection protocols specify injection rate and 
duration (7). A high injection rate combined with a high 
iodine concentration CM is typically used in coronary 
CTA. An injection rate of at least 5 mL/s is preferable, with 
increased rates at higher cardiac outputs (8). An increase 
in injection rate results in an earlier and higher arterial 
enhancement (1). The injection duration should be at 
least as long as the estimated scan duration (8). With the 
availability of very short scan times, the injection duration is 
typically held to at least 10–12 seconds (acknowledging the 
minimum bolus needed to opacify the coronary circulation). 

Multiphasic injection protocols

Multiphasic injection protocols are common in cardiac CT 
imaging. Dual-head power injectors progressively replace 
standard single-head pumps. These new injectors have 
separate reservoirs for iodine CM and saline and allow 
injection of CM, saline or a mixture of both. Biphasic 
protocols usually contain undiluted CM bolus with volumes 
ranging from 50 to 120 mL providing high contrast in 
the left cardiac chambers, ascending aorta and coronary 
arteries followed by a 20–30 mL saline chaser (8). Using 
modern power injector systems, minimized CM volumes, 
and sophisticated scan timing techniques, the saline 
chasing approach has become so effective that the right 
ventricle (RV) is almost entirely void of CM at the time 
of scan acquisition. This has the advantage to suppress 
streak artifacts from the RV. RV enhancement is discussed 
controversially. However, Kok et al. could not find benefits 
of RV enhancement during screening coronary CTA as 
they hardly detected any RV pathology (9). Therefore, it 
has been suggested that contrast bolus could be exclusively 
tailored to enhancement of the coronary arteries in at least 
some targeted scenarios (10). 

Triphasic injection protocols contain an undiluted CM 
bolus, followed by a diluted contrast chaser and, finally, 
the saline chaser. The dilution of CM can be varied (e.g., 
20% iodine with 80% saline) and provides diminished right 
heart cavity attenuation (Figure 2). That allows accurate 
and reproducible assessment of the RV volumes, anatomic 
structures, cardiac disease, and right ventricular function. 
Thus, appropriately tailored cardiac CT can be considered 
a reliable alternative for patients who are not suitable for 
either echocardiography or MRI. 

CT-related factors
Magnitude: scan duration, scan delay, scan direction 

Timing: scan duration, scan delay, scan direction 
Other: radiation dose, amount of scan phases

Patient-related factors
Magnitude: weight, height, cardiac output, age, sex, 

renal function
Timing: cardiac output, venous access

Other: breath-hold, comorbidities

Contrast-related factors
Magnitude: iodine concentration and volume, 
injection rate, bolus shape, vascular access
Timing: injection rate and volume, velocity 

Other: injection protocol

Contrast
enhancement

Figure 1 Contrast-enhancement-related factors.
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Test bolus and bolus tracking techniques

In times when cardiac CT scans can be performed within a 
single heartbeat, narrowed time window for optimal contrast 
enhancement needs exact timing with the opportunity to 
lower the amount of CM. A fixed delay is not recommended 
in cardiac CT (11). Time-to-peak enhancement differs 
for different target vessels (pulmonary artery, coronary 
artery, aorta, and peripheral arteries) and is dependent on 
the distance from venous access site, cardiac output, and 
possible vascular pathologies (1). Test bolus and bolus 
tracking are both techniques to calculate delay. In bolus 
tracking, attenuation is measured in a region of interest 
(ROI, e.g., aorta or pulmonary artery) while CM is injected. 
When a predefined threshold (typically 100–150 HU)  
is reached, breathing commands and CT scan is triggered 
automatically. In comparison, test bolus technique monitors 
a small amount (10–20 mL) of CM (followed by a saline 
flush) (Figure 3). In a second step, an ROI is placed by 
hand and the attenuation curve for this ROI is displayed  
(Figure 4). Based on this curve, additional time will be added 
before the actual CT scan starts. The advantage of the test 
bolus is that it serves as a “trial run” to ensure correct IV 
catheter function and those patients are getting used to 
the warmth and unusual taste sensation of CM before the 

actual CT scan. Drawback of the test bolus technique is 
the additional, minimal volume of CM. However, a 50% 
diluted CM bolus with only 5 mL of undiluted iodine is 
feasible (12). The risk of the bolus-tracking method is to 
miss optimal enhancement as breathing commands result 
in additional delay and, therefore, the threshold (usually 
100–150 HU) is far below the optimal enhancement  
(250–300 HU). Further, an abort of the scan due to 
discomfort requires a repetition of the entire injection when 
bolus-tracking is used. Finally, in the test bolus technique, 

Figure 2  Triphasic injection protocol for coronary CT 
angiography providing high attenuation in the left cardiac 
chambers, right coronary artery (arrow), and aorta with only 
slight increased attenuation in the right cardiac chambers allowing 
additional evaluation of the right heart structures and septum. 

Figure 3 Coronary CT angiography injection protocol of a dual-
head power injector (A, iodine contrast medium; B, saline). The 
protocol displays injection rate, volume (upper part), and flow 
rate over time (lower rate). Protocol started with a saline bolus to 
test venous access [1]. Second was an undiluted CM test bolus [3] 
followed by saline flush [4]. Finally, triphasic injection protocol 
contained undiluted CM bolus [6], followed by 21% diluted CM 
bolus [7] and saline chaser [8]. 
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Figure 4 Test-bolus to determine correct timing of contrast enhancement (left) and region of interest placement in the ascending aorta (right).

the total injection can be tailored more carefully to the 
planned scan length; 

A new dual-ROI tracker technique has the potential to 
improve consistent opacification. After a first ROI with 
a threshold of 100 HU initiates breathing commands, 
a second ROI with a higher threshold closer to peak 
enhancement (300 HU) triggers the CT scan (13,14). This 
technique has shown more consistent aortic and coronary 
enhancement with reduced interpatient variability.

CT scanner technique

New scanner generations offer a combination of high 
spatial resolution, high-temporal resolution, and wide z-axis 
coverage with up to 320 detector rows or by using dual-
source technique at very high pitch (>3.0) with shorter scan 
times, as low as a single heartbeat. The risk of slab-to-slab 
and motion artifacts is reduced. However, precise timing 
of CM bolus is crucial with the opportunity to tailor the 
CM bolus. Due to steadily new and improved CT scanners, 
adaptation of old and evaluation of new acquisition and 
contrast injection protocols are crucial.

Low tube voltage examinations

Multiple studies demonstrated the feasibility of CTA with 
reduced tube voltages. As 70- and 80-kVp is closer to the 
k-edge of iodine (33.2 keV) than conventional 120-kVp, 
iodine-containing CM attenuation is substantially higher 
in lower tube voltages (15). Drawback of low voltage scans 

is increased image noise. To maintain image quality, tube 
current should be increased, but this is limited to the tube 
current capacity (15). Late-generation scanners have higher 
capacities to counteract image noise in low voltage scans. 
Automated, patient’s habitus based tube voltage selection 
technique is favored to provide optimal noise levels (16). 
Despite of an increase in tube current, lower tube voltages 
result in less radiation exposure (15-17). 

Iterative reconstruction (IR)

Each CT vendor provides its own IR algorithms. All of 
these reconstruction techniques have in common to reduce 
image noise based on a user-based setting independent 
of the CT acquisition and, therefore, without additional 
radiation penalty (18). 

Advances in CT technique

The combination of high attenuation in low-kVp scans with 
low noise levels due to increased tube current output and 
additional IR result in increased contrast (14,18) (Figure 5).  
Thus, low tube-voltage scans combined with IR allow 
reduced iodine CM volumes or concentrations to achieve 
120-kVp equal image noise and contrast (19). Reduced 
iodine concentration CM (270 mgl/mL) in 100-kVp scans 
result in similar vessel attenuation than standard iodine 
concentration (370 mgl/mL) in 120-kVp scans (20,21). 
The combination of 80-kVp, IR, and dual-ROI tracker 
technique allowed a 50% reduction of CM (140 instead of 
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280 mgI/kg) still providing homogenous enhancement in 
coronary CTA (14). However, an increase from low tube 
voltages to standard 120-kVp due to patient’s habitus with 
similar low amount of CM volume may result in a poor 
opacification. Therefore, the combination of automated 
tube voltage selection and reduced amount of CM might 
be critical. On the other side, a standard CM concentration 
and volume in low voltage 70-kVp coronary CTA resulting 
in very high lumen attenuation might make less apparent 
the visualization of calcified plaque, which may overlap 
the density of enhanced lumen (which can happen at any 
kVp). Further research should focus on the incorporation 
of individualized patient body habitus based automatic tube 
voltage adaptation and appropriate, tube-voltage based 
selection of iodine CM volume and concentration for 
optimal opacification. We believe that tube voltage based 
selection of CM volume and concentration has tremendous 
potential for more individual patient-adapted iodine 
volumes with beneficial net lower doses of iodine dispensed.

Spectral computed tomography (CT)

Spectral CT allows acquisition of data sets at different 
energy levels, usually 80- and 140-kVp (22). Acquisition 
of these data sets is vendor-specific. Independent of 
the acquisition technique, multiple post-processing 
techniques are available which focus on image quality 
improvement and material decomposition (23). Virtual 
monoenergetic imaging (VMI) allows imaging similar 
from a monoenergetic beam at a single kiloelectron voltage 
level with energy levels ranging from 40 to 200 keV (24). 
VMI at low energy levels (closer to the k-edge of iodine) 
have higher attenuation values and are used to improve  
contrast (22). Forty to sixty keV showed best balance 
between vessel attenuation and image noise in pre-
transcatheter aortic valve replacement (TAVR) CTA 
depending on the used VMI algorithm (25). This can be 
used to optimize suboptimal opacification or lower the 
amount of iodine CM, e.g., in patients with impaired 
renal function (10,26,27) (Figure 6) .  VMI at high 
energy levels are useful to reduce artifacts (28). Material 
decomposition has been shown to have potential benefits 
for mapping of iodine distribution in the myocardium as a 
quantitative marker for perfusion and blood volume (29) or 
reconstruction of virtual unenhanced images (30) (Figure 7), 
but is still under intense debate and ongoing research.

Cardiac function analysis

Regional left ventricular (LV) function assessment in CT is 
highly concordant with cardiac MRI (31,32) and improves 
diagnostic accuracy for acute coronary syndrome in patients 
with acute chest pain (33). Further, it allows imaging of 
valve replacements with functional assessment. However, 
radiation exposure increases substantially in cardiac function 
analysis if coronary-appropriate radiation doses are applied 
during the entire acquisition. Therefore, a short cardiac 
cycle phase with high tube current is usually combined with 
low tube current over the remainder of the cardiac cycle. 
Triphasic injection protocol is recommended to provide 
right ventricular enhancement to allow for septal thickness 
and motion evaluation. 

Stress myocardial CTP

Stress myocardial CTP has shown good diagnostic accuracy 
in comparison to established invasive angiography and 
non-invasive perfusion imaging (SPECT, MRI) (34-40), in 

Figure 5 Increased lumen attenuation in 70- and 80-kVp coronary 
CTA curved multiplanar reconstruction of the LAD compared to 
standard 120-kVp. Lower tube voltage resulted in higher noise 
(80-kVp). The additional use of iterative reconstruction resulted in 
reduced noise in the 70-kVp image.
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cohorts at higher pre-test risk for obstructive CAD than 
is routinely appropriate for traditional coronary CTA. 
CTP is composed of a stress and a rest phase acquisition. 
When the pharmacological stress agent (e.g., adenosine, 
regadenoson) reaches maximum effect, 60 to 70 mL of 
undiluted CM is injected. As beta-blockade influences 
myocardial perfusion (via blunted peak stress response), rest 

phase imaging is performed after stress phase, and includes 
visualization of the coronary arteries. However, some newer 
CT scanner generations can obviate the need for beta-
blocker administration even for coronary assessment (16). 
Additional CM dye is necessary in the rest phase acquisition 
resulting in a total volume of approximately 130 to 150 mL 
CM (41). Potential radiation dose and CM savings might 

Figure 6 Spectral computed tomography angiography based on dual-source image acquisition at 80- and 150-kVp. Linear-blended 0.6 
image series has similar image characteristics as 120-kVp acquisition. Improved attenuation of iodine CM in virtually reconstructed 60-keV 
monoenergetic image. 

Figure 7 Spectral computed tomography angiography of the aorta (left) with virtually reconstructed unenhanced image (right) at the same 
height visualizing an aortic valve replacement.
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be possible when coronary arteries could be safely evaluated 
in stress CTP. Similar to SPECT imaging, rest phase 
acquisition might then be only performed when pathologies 
are visible in the myocardial stress perfusion images.

CM attenuation is proportional to the concentration of 
iodine. Thus, hypo-attenuated myocardial areas represent 
hypoperfusion and/or reduced intravascular blood  
volume (42). Artifacts due to dense contrast in the cardiac 
chambers or the aorta could mimic perfusion defects and 
might limit interpretation (41). Spectral imaging with 
VMI and iodine mapping might have additional benefit for 
myocardial perfusion interpretation. 

Image acquisition for myocardial CTP can be performed 
as a standard, static scan starting after a pre-defined delay 
or as a dynamic scan using two alternating table positions 
(“shuttle-mode”). This “shuttle-mode” technique allows 
visualization of CM bolus over a longer time period (43). 
Further research is necessary to elucidate the additional 
impact of this increased radiation exposing technique. 

Atrial fibrillation (AF)

Pat ient s  w i th  AF were  commonly  scanned  wi th 
retrospective ECG-gating with an optimal reconstruction 
phase at end diastole (44). End-systolic phases are often 
superior in patients with higher heart rates. To reduce the 
increased radiation exposure of retrospectively ECG-gated 
scans, these patients could benefit from low voltage 70-kVp 
coronary CTA with radiation doses as low as 4.5 mSv (45).  
However, prospectively ECG-triggered acquisitions, 
particularly with additional phases, and arrhythmia 
rejection, have been shown to offer robust, simple, and 
low-radiation-dose alternatives to traditional retrospective 
ECG-gating in the setting of arrhythmia (46,47). 

Risks of iodine CM

Contrast-induced nephropathy (CIN) and prehydration

The risk of CIN is closely associated with the iodine dose 
used and preexisting renal function (1). CIN is defined as 
a serum creatinine concentration increase of at least 25% 
or 44.2 μmol/L within 3 days after CM injection when 
there is no other etiology for the increase (48). However, 
fluctuation of plasma creatinine concentration after CM 
injection has been reported (49). Nevertheless, persistent 
renal dysfunction after coronary CTA due to iodine CM 
is rare (49). In comparison, risk of CIN in multimorbid 

patients referred for TAVR planning is increased with higher 
amount of acute kidney injury after the procedure (50).  
Intravenous prehydration as a prophylaxis has shown no 
benefit compared to no prophylaxis in the prevention of 
CIN in high-risk patients (eGFR 30–60 mL/min/1.73m²). 
Thus, patients with eGFR >29 mL/min/1.73m2 do not 
benefit from prehydration nor suffer compromised patient 
safety. However, the amount of iodine should be minimized. 

Gadolinium as an alternative?

Gadolinium is an alternative contrast agent in patients 
with severe iodine allergic reaction (51,52). Due to a 
necessary high volume with less consistent attenuation 
compared to iodine and the concerns about gadolinium 
deposition into the brain, gadolinium is currently no 
alternative to iodine (51,53-55).

Protocols in focus 

Pre-TAVR imaging

TAVR has emerged as an effective treatment alternative for 
severe aortic stenosis in patients with high-risk for open 
surgery (56). Pre-procedural CT imaging is integral for 
TAVR planning and includes two parts: ECG-triggered 
coronary CTA and non-ECG-gated thoracic-abdominal-
pelvis CTA for evaluation of peripheral vascular access 
(Figure 8) (57). Furthermore, pre-procedural imaging is 
crucial for device size selection (57). Patients are often 
multimorbid with consisting nephropathy which makes 
a careful adjustment of the CM volume all the more 
crucial. Several trials have shown the feasibility of low-
volume CM in TAVR planning with a minimum of 20 mL 
iodine CM (12,58). Five mL iodine CM were used for a 
50% diluted test bolus; biphasic injection protocol with  
21 mL 70% diluted CM (15 mL of 370 mgI/mL) followed 
by saline chaser for CTA acquisition (12). The same CM 
bolus which were used to visualize coronary arteries were 
additionally used to visualize the complete aorta and iliac 
vessels. Careful adjustment of CT settings, especially the 
pitch, is necessary as a missed bolus or a too fast table 
movement in patients with low cardiac output easily results 
in poor enhancement in distal arteries. Other studies 
reported optimal opacification when using a total amount 
of 60 mL 350 mgI/mL CM (58). Options to increase lumen 
enhancement and contrast with simultaneous lowering CM 
volume would be low tube voltage or spectral CT imaging. 
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Triple rule-out

Triple-rule-out (TRO) protocols have been designed to 
evaluate the three major vascular causes of chest pain 
including CAD, acute aortic syndrome and pulmonary 
embolism in a single CTA acquisition. For an adequate 

opacification of three vascular territories including coronary 
arteries, aorta, and pulmonary arteries, a larger volume of 
CM was necessary. However, a TRO protocol containing 
non-ECG-gated chest CTA followed by ECG-gated 
coronary CTA using a triphasic injection protocol with only 
60 mL of 370 mgI/mL CM on a 320-row detector scanner 
resulted in excellent image quality (59). In that study, bolus 
tracking technique with a ROI placed in the pulmonary 
trunk was used. The use of the previous mentioned dual-
ROI bolus tracking technique with a first ROI triggering 
the chest CTA for pulmonary artery evaluation and the 
second ROI triggering coronary CTA might provide more 
consistent enhancement in both acquisitions.

Pulmonary vein (PV) imaging

To provide a road map of PV and left atrial (LA) variants 
in patients with AF, pre-procedural cardiac CT imaging 
is an alternative modality to MRI and transesophageal 
echocardiography. It provides assessment of the number 
of PV and branching pattern, individual PV ostial 
measurements, measurement of the LA dimensions, 
and identification of LA abnormalities and pathologies 
such as appendage thrombus (60) (Figure 9). Due to AF, 
retrospective gating is common with optimal opacification 
timed for the left atrium (61). 

CHD

Improvement in medical care resulted in prolonged life 
expectancy of patients with CHD (62). These patients 
need lifelong follow-up with repetitive cardiac function 
imaging. However, these patients have challenging 

Figure 8 Pre-TAVR thoraco-abdominal-pelvis CTA of the heart 
and CTA using 60 mL CM with excellent opacification of all target 
vessels. 

Figure 9 Visualization of pulmonary veins and left atrium in a patient with atrial fibrillation before ablation. LA, left atrial; PV, pulmonary vein.
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post-surgical anatomy and hemodynamics. Radiation-
free echocardiography is the primary initial diagnostic 
modality with limitations in reproducibility and right 
ventricular systolic function imaging (63,64). MRI is an 
alternative modality, but contraindications due to implanted 
pacemakers and defibrillators are regularly in adult CHD 
patients (65). Similar to patients without CHD, adult CHD 
patients can also suffer from CAD including the emergency 
setting. Thus, CT imaging and interpretation of these 
patients are critical but challenging with complex pre- and 
post-surgical anatomy and hemodynamic. This makes an 
individual injection and scan protocol necessary (66). Expert 
consensus of cardiac CT imaging in patients with CHD 
were provided by the Society of Cardiovascular Computed 
Tomography (67,68). We recommend the presence of the 
interpreting physician at the time of scan. 

Congenital coronary anomaly

Congenital coronary anomalies are present in 0.2–2% 
of the population (67). Coronary artery dominance, 
angulation from the aortic root, ostial narrowing and the 
presence of intramural course can be optimal visualized 
by coronary CTA without the adaptation of standard 
coronary CTA protocol and CM injection protocol. When 
echocardiographic detected coronary anomalies in children 
should be confirmed by CT, protocols with low radiation 
exposure and a CM volume adapted to the children’s size 
are recommended. Pediatric CTA is typically performed 
with 1–2 mL/kg total CM volume until standard adult 
volume is achieved (68). The combined volume load of the 
CM and saline flush is 2–3 mL/kg and is usually tolerated 
without hemodynamic consequence.

Septal defects
CT imaging in patients with atrial, ventricular or combined 
septal defects is rarely needed. Septal defects combined 
with systemic or pulmonary venous anomalies might need 
evaluation by CTA in addition to echocardiography (67). 

Tetralogy of Fallot (TOF)
Assessment of TOF is usually multimodality based. Cardiac 
CT provides excellent visualization of the anatomic 
targets which include pulmonary trunk and branches, 
aortopulmonary collaterals, coronary arteries, and the 
aortic root as well as postoperative shunts (67). Therefore, 
bolus timing is crucial. Postoperative evaluation is usually 
performed with MRI. 

Single ventricle anomaly
The amount of CHD patients with a functional single 
ventricle and multiple palliative surgical pathways are 
increasing (67). It is expected that 70% of patients with a 
systemic RV will survive to adulthood. 

Pre-surgical imaging is mostly done by echocardiography. 
In complex cases, cardiac CT is an excellent modality to 
visualize crucial pulmonary venous anatomy (68). Several 
surgical steps are necessary to correct anatomy. After 
stage 1 (Norwood, hybrid) systemic and pulmonary artery 
stenoses are common (68). Further, patients with systemic 
to pulmonary artery shunts occasionally experience shunt 
thrombosis. If these pathologies can’t be sufficiently 
visualized with echocardiography, cardiac CT is an optimal 
alternative. Cardiac CT can also be an alternative to the 
routinely performed cardiac catheterization before stage 
2 procedure (Glenn) with significantly lower radiation 
exposure and waiver for general anesthesia (68). 

When CM injection is performed by an antecubital vein, 
the RV mixes opacified blood from the superior vena cava 
(SVC) and unopacified blood from the inferior vena cava 
(IVC). However, after Glenn procedure pulmonary arteries 
are only passively supplied by the SVC; blood from the IVC 
mixes with oxygen-rich blood from the PVs via the enlarged 
atrial septal defect in the right atrium and returns to the 
systemic circulation without passing pulmonary circulation. 
After stage 3 procedure (Fontan), pulmonary arteries are 
connected to the SVC and IVC (Figure 10). However, 
there can be discrepancies in this passively driven venous 
circulation. Commonly seen is the SVC directed towards 
the right lung and the IVC is directed towards the left lung. 
Patients with Fontan physiology have been described with 
an increased incidence of postoperative thromboembolic 
disease with thrombi commonly in the residual pulmonary 
artery stump or residual ventricle (67). Suboptimal 
contrast enhancement might result in non-diagnostic or 
misdiagnosis. 

In addition to a bolus tracking technique, best pulmonary 
artery opacification is being achieved by splitting the 
CM bolus for combined upper and lower extremity 
venous injections, preferentially with two separate power  
injectors (68). However, the mixture of contrast-enhanced 
blood from the lower injection and unenhanced blood 
returned from the liver might still result in inhomogeneous 
opacification and mimic thrombus. A delayed second-phase 
CT might be necessary if suboptimal opacification on the 
first-phase CT scan limit interpretation. A dual-ROI bolus 
triggering might be advantageous in these cases.
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Conclusions and outlook 

This article gives an overview of the current standard of CM 
injection in cardiac CT imaging and contrast-enhancement 
related factors. The improvements in CT technology with 
increased z-coverage allow visualization of the complete 
heart during one heart beat which allows a very low contrast 
volume for précised timed contrast enhancement. Due to 
several different clinical indications and co-morbidities 
timing is crucial for optimal visualization. We expect 
ongoing improvements with intense interaction of CM 
injection protocols and CT scanner settings. We believe 
that on the bases of indication (e.g., evaluation of vascular 
structures), scout (to provide scan length), and a test-bolus, 
scan duration and automatic selection of tube current and 
potential will have more influence on an individual amount 
of iodine CM volume and concentration to minimize both 
radiation exposure and amount of iodine. 
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