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Abstract:

Objectives: Contrast-enhanced computed tomography (CECT) is a widely used imaging modality in
medical diagnostics. However, the high dosage of iodine contrast agents and the associated risks of
adverse reactions and contrast-induced nephropathy (CIN) have raised concerns. This review article
explores the potential of low-voltage CT scans with reduced iodine contrast agent dosage in CECT.
Methods: A comprehensive literature search was conducted using electronic databases, including
PubMed, Scopus, and Web of Science, to identify relevant studies published between January 2010 and
December 2023.

Findings: A total of 25 studies met the inclusion criteria, including 19 observational studies and six
randomized controlled trials (RCTs). The results of the RCTs showed that low-voltage CT scans with
reduced iodine contrast agent dosage resulted in similar diagnostic accuracy compared to standard-
voltage CT scans with full-dose contrast agents. The findings of this review article suggest that low-
voltage CT scans with reduced iodine contrast agent dosage can provide comparable diagnostic
accuracy with a lower risk of adverse reactions and CIN. Therefore, the adoption of low-voltage CT
scans with reduced iodine contrast agent dosage in clinical practice can potentially improve patient
safety and reduce healthcare costs. Further research is needed to establish the optimal protocol for low-
voltage CT scans with reduced iodine contrast agent dosage and to evaluate its long-term outcomes.
Novelty: The observational studies also revealed that low-voltage CT scans with reduced iodine
contrast agent dosage were associated with a lower incidence of adverse reactions and CIN.

Key words: Low KVp, Low concentration contrast agent, Contrast enhanced Computed
Tomography.

1.Introduction
Contrast media are increasingly used in computed tomographic (CT) studies, particularly in contrast
enhanced CT (CECT) studies.(1) Contrast enhance CT(CECT) Brain in conjunction with iodinated
contrast media (ICM) could be a standard medical imaging technique for studying various disorders in
the brain such as inflammation, neoplasm, and trauma; in addition, it can be perform in emergency
cases.(2) The use of iodinated contrast agents in Computed Tomography scans improves the visibility
of vascular structures and organs (3). All procedures use 50-60% iodine Contrast Agent to ensure
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diagnostic quality (4). CT of the head is essential for fast and accurate diagnosis; optimized patient
management and treatment CT makes up a large proportion of the daily neuroradiological workload in
head imaging. (5)In contrast-enhanced CT brain there is a balance between bone explanation, the
amount of iodine injected and radiation dose . This well-known phenomenon occurs as contrast agents
increases the attenuation due to photoelectric effect, which consequently increases the locally absorbed
radiation dose.(6) The impact of contrast agent on absorbed radiation dose in organs and tissues has
recently been changed by a few studies, which demonstrate a dose increase in the presence of iodine .
Iodinated contrast agents have been used in CT scans since the 1950s to enhance image clarity and
provide valuable diagnostic information. These agents contain iodine atoms, which interact with X-rays
to create image contrast due to differential photoelectric absorption. lodinated contrast agents are used
in various imaging modalities like CT, digital subtraction angiography, and intravenous urography.(7)
Their use varies according to the specific needs of the examination, such as arterial opacification or
parenchymal enhancement. The choice of contrast medium is mainly based on its safety profile and the
specific requirements of the imaging modality However, the rise in contrast media usage has led to an
increase in adverse events associated with its use. Contrast induced nephropathy (CIN) is a significant
adverse event that occurs following the administration of intravenous iodinated contrast.(8) CIN is
defined as an absolute (> 0.5 mg/dL) or relative (> 25%) increase in serum creatinine levels from
baseline within 48 to 72 hours.(9) Existing data on CIN primarily come from intra-arterial cardiac
interventions, which involve the use of high volumes and sometimes high-osmolar contrast media.

The concept of low kVp CT scans and their potential benefits.

Low kilovoltage peak (kVp) CT scans involve using lower settings of kVp during imaging, offering
several potential benefits in medical imaging. These benefits include a substantial reduction in radiation
dose, decreased requirement for intravenous contrast material, and mitigation of certain artifacts like
pseudo enhancement. Low kVp settings can enhance contrast enhancement in specific scenarios, such
as CT angiography. (6) concluded on their study that Compared to a non-contrast scan, the organ doses
increase by 30% in contrast-enhanced abdominal CT. This study suggests considering CA in dosimetry
calculations, epidemiological studies, and organ dose estimations while developing new CT
protocols.(10) concluded in their study the pancreas and peripancreatic vasculature may be enhanced,
tumor visibility may be improved, and radiation exposure to patients during the pancreatic parenchymal
phase may be reduced with a low-tube-voltage, high-tube-current CT technique. (6) concluded in their
study the iodine load and effective radiation dosage at CCTA might be reduced while retaining image
quality by using low x-ray tube voltage and IR. However, challenges like increased image noise,
especially in larger patients, are associated with low kVp settings. To address these challenges,
advancements in CT scanner design have been made to optimize dual-energy CT (DECT) data
acquisition and improve image quality while reducing radiation exposure.

2.Current Challenges in Contrast-Enhanced CT Imaging

The limitations and challenges associated with high kVp CT scans and standard concentrations

of iodinated contrast agents.

High kilovoltage peak (kVp) CT scans and standard concentrations of iodinated contrast agent’s present

limitations and challenges in medical imaging. High kVp CT scans often face issues related to increased

radiation exposure, which can be a concern for patient safety. Additionally, the use of standard

concentrations of iodinated contrast agents may lead to non-specific bio distribution, rapid renal

clearance, and high per-dose concentrations. These factors can limit the effectiveness of CT imaging,

especially when compared to other imaging techniques that require lower contrast media concentrations.
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To address these challenges, ongoing research focuses on developing optimal CT contrast agents with
maximum imaging capabilities, minimal dose requirements, and reduced toxicity

The need for alternative approaches to improve image quality while reducing radiation exposure
and contrast agent dose.

Alternative approaches are essential to enhance image quality while reducing radiation exposure and
contrast agent dose in CT imaging. Strategies like optimizing technical parameters, such as tube
current*time product (mAs), pitch, slice thickness, and beam energy (kVp), can significantly impact
both radiation dose and diagnostic image quality. For instance, reducing mAs can lower radiation dose
but increase image noise, affecting low contrast resolution. Similarly, adjusting pitch or table speed can
impact z-axis resolution. Moreover, advancements in CT scanner design, like dual-energy CT (DECT),
offer improved image quality at lower radiation doses. These approaches aim to strike a balance between
reducing radiation exposure and maintaining high-quality diagnostic imaging. [11] concluded on their
study that While ICM may modify the absorbed doses from diagnostic X-ray examinations, the effect
is smaller than suggested by assays of circulating blood cells or blood dose enhancement. Conversely,
the potentially large increase in dose to the endothelium of blood vessels means that macroscopic organ
doses may underestimate the risk of radiation induced cardiovascular disease for ICM-enhanced
exposures.(11) concluded on their study Administration of iodinated contrast medium considerably
increases radiation dose to tissues from CT exposure.(12) concluded on their study that there was no
significant difference in the qualitative image quality of CT scans for the clinical evaluation of neck
organs by radiologists due to the iodine concentration of the CM. Therefore, given the application of an
appropriate CT protocol, clinically feasible neck CT images can be obtained using low-concentration-
iodine CM.

3.Low kVp CT scans: Mechanisms and Advantages
Low kilovoltage peak (kVp) CT scans involve using lower settings of kVp during imaging, offering
several potential benefits in medical imaging. Imaging at lower kVp settings has numerous advantages,
including a substantial reduction in radiation dose, decreased requirement for intravenous contrast
material, and reduction in certain artifacts like pseudo enhancement. However, low kVp settings can
lead to increased image noise due to the relatively low X-ray output, particularly problematic in larger
patients. Despite this challenge, tissue contrast generally i(13)mproves with lower kVp settings.(13)
concluded on their study that Low kVp protocols for pulmonary embolism are potentially advantageous
especially in thin and, to a lesser extent, in intermediate patients. Thin patients profit from low voltage
protocols preserving a good CNR at a lower exposure. The use of 80 kVp in obese patients may be
problematic because of the limitation of the tube current available, reduced CNR, and high skin dose.
The high CNR of the 400 mg iodine/mL contrast medium together with lower tube energy and/or current
can be used for exposure reduction.(14) concluded on their study that for images of equivalent quality,
80 kVp and Iterative reconstruction allow at least a 47% contrast agent dosage reduction and a 16%
radiation dose decrease. Additionally low kVp scans reduce radiation dose exposure to patients while
maintaining diagnostic image quality. (14)concluded on their study that by reducing the tube voltage
from 120 kV to 80 kV, abdominal CT radiation dose can be reduced by 32% to 42% without impairing
CNR and LCD (15) according to this study by lowering the tube voltage, the amount of contrast material
may be decreased without deteriorate image quality. Low tube voltage scans can minimise the radiation
dose by up to 56.8% while achieving greater contrast material enhancement.(16) concluded on their
study that the use of highly concentrated contrast medium and low tube voltage, are simple methods for
enhancing image quality in CTA of intracranial vessels. Dual-energy CT (DECT) scanners have been
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engineered to be fast and efficient enough to image contrast material at low kVp settings, aiming to
capitalize on the strengths of each setting within the same examination for medical imaging.

The advantages of using low kVp settings, such as improved contrast resolution and reduced
radiation dose.

Using low kilovoltage peak (kVp) settings in CT imaging offers several advantages, including improved
contrast resolution and reduced radiation dose. Lower kVp settings enhance contrast resolution, making
it easier to distinguish between different tissues and structures in the body. (17)concluded on their study
is to provide a comprehensive review of the recent literature regarding CT dose reduction methods, their
limitations, and an outlook on future developments with a focus on the pediatric population. (18)
concluded on their study that, with Iterative reconstruction, chest CECT using 80 kVp & 240
milligram/millimetre iodinated contrast agents acquire acceptable quality of image and low radiation
absorb dose. concluded on their study that, despite an increase in image noise at low tube voltages of
100 KVp, it is possible to lower the radiation dose for chest computed tomography exams by up to 45%
without degradation in image quality.concluded on their study that for paediatric abdominal CT, the
double-low strategy proved practical and lowered radiation dosage and lodine load while maintain
Image Quality. (19)concluded on their study that lowering tube voltage in non-obese patients is an
effective and practical approach to Radiation Dose reduction without degrade image quality that should
be considered especially for female patients. [26]concluded on their study that with a mean effective
dose of 6.34mSv and a total iodine dose reduction of 26.1%, CT Enterography at low tube voltage, low
concentration of contrast agent, and 50% adaptive statistical iterative reconstruction algorithm produces
diagnostically acceptable image quality compared to the conventional protocol. (20)concluded on their
study the main benefit of the use of a lower tube potential is that it provides improved contrast
enhancement, a characteristic that may compensate for the increase in noise that often occurs at lower
tube potentials and that may allow radiation dose to be substantially reduced The use of a lower tube
potential and the amount by which to reduce radiation dose must be carefully evaluated for each type
of examination to achieve an optimal trade-off between contrast, noise, artifacts, and scanning speed.
Research indicates that low kVp settings are more dose-efficient for bone and iodine contrast imaging,
highlighting the effectiveness of this approach in optimizing image quality while minimizing radiation
exposure

4. Role of Iodinated Contrast Agents in CT Imaging
The role of iodinated contrast agents in enhancing image quality in CT scans.
Iodinated contrast agents play a crucial role in enhancing image quality in CT scans by improving
visualization and diagnostic accuracy. These contrast agents contain iodine atoms, which have a high
atomic number compared to most tissues in the body, leading to differential photoelectric absorption
and creating image contrast. Iodine's high atomic number allows for increased X-ray attenuation,
resulting in clearer and more detailed images. The use of iodinated contrast agents is common in various
imaging modalities like CT, fluoroscopy, angiography, and venography. In CT scans, the enhancement
observed is directly proportional to the local concentration of iodine, highlighting the importance of
these contrast agents in achieving optimal image quality. Despite their effectiveness, iodinated contrast
agents may have limitations such as non-specific bio distribution, rapid renal clearance, and high
concentrations required per dose. (21) concluded on their study that the iodine delivery rate was
maintained, 300 mg I/mL iodine concentrations to be superior to high-concentration contrast media in
70 kVp CTA. Ongoing research focuses on developing new contrast agents with improved properties to
address these limitations and enhance diagnostic capabilities in medical imaging
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Review of the different types of iodinated contrast agents available and their properties.
Iodinated contrast agents are essential for enhancing image quality in CT scans. There are two main
types of iodinated contrast agents: ionic and non-ionic. Ionic agents contain positively charged iodine
molecules that dissociate into iodine and anions when injected into the bloodstream, potentially causing
side effects like discomfort and allergic reactions. Non-ionic agents have a modified chemical structure
that reduces the likelihood of adverse reactions, making them less likely to cause side effects. Non-ionic
agents are also known for having a lower osmolality, which means fewer molecules per kilogram of
water, thereby reducing the risk of complications like dehydration and kidney damage.

Tablel: This table summarizes different types of iodinated contrast agents, their chemical structures,
osmolality, viscosity, and ionicity.(22)

Iodinated Chemical Structure Osmolality | Viscosity | lonicity
Contrast Agent

Iohexol Tri-iodinated benzene derivative Low Moderate | Nonionic
Iopromide Tri-iodinated benzene derivative Low Moderate | Nonionic
Ioversol Tri-iodinated benzene derivative Low Moderate | Nonionic
Iomeprol Tri-iodinated benzene derivative Low Moderate | Nonionic
Iopamidol Tri-iodinated benzene derivative Low Moderate | Nonionic
Iopentol Tri-iodinated benzene derivative Low Moderate | Nonionic
loxaglate Ionic dimer High High Ionic
Iotrolan Ionic dimer High High Ionic
Iotrolan Ionic dimer High High Ionic

5.0ptimizing Contrast-Enhanced CT Protocols

Strategies for optimizing contrast-enhanced CT protocols using low kVp settings and lower
concentrations of iodinated contrast agents.

Optimizing contrast-enhanced CT protocols using low kVp settings and lower concentrations of
iodinated contrast agents involves several key strategies. These include employing low kVp settings to
enhance contrast resolution and reduce radiation dose, using lower concentrations of iodinated contrast
agents to decrease iodine dose, and implementing optimized injection protocols to ensure sufficient
contrast enhancement while minimizing the volume and concentration of contrast media used. (10)
concluded on their study that the low tube voltage with low-contrast-medium protocol significantly
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reduces organ doses at the same volume CT dose index setting compared with conventional 120-kVp
protocol with standard contrast medium on contrast-enhanced CT. (23) concluded on their study that
lowering tube potential and increase iodinated CM could substantially reduce the dose to small-sized
adults and children. (24)concluded on their study that low-concentration contrast agents (270 mgl/mL)
and low-tube-voltage (100 kVp) computed tomography can not only decrease radiation dose but also
guarantee the image quality and meet the needs of imaging diagnosis in chest enhancement
examinations, which make it possible for its generalization and application. By combining these
strategies, clinicians can maximize image quality while minimizing radiation exposure and contrast
agent dose. (18) concluded on their study the method developed allows a simple evaluation of the dose
increase when iodinated contrast medium is used in CT scans, basing on the increment in Hounsfield
units observed on the patients' organs. Since many clinical protocols employ multiple scans at different
circulatory phases after administration of contrast medium, such a method can be useful to evaluate the
total dose to the patient, also in view of potential clinical protocol optimizations.(25)concluded on their
study that as compared to standard scan procedures, the iodine load and radiation exposure in coronary
computed tomography angiography for overweight patients might be significantly reduced by using a
lower tube voltage and lower concentration of contrast material. It also preserves image quality and
improves the signal intensity of coronary computed tomography angiography.

Clinical trials exploring the efficacy and safety of these protocols.

Current research studies and clinical trials have been exploring the efficacy and safety of protocols
involving low kilovoltage peak (kVp) settings and lower concentrations of iodinated contrast agents in
contrast-enhanced CT imaging. These studies aim to optimize image quality while minimizing radiation
exposure and contrast agent dose. Research has shown that reducing the number of contrast-enhanced
image-guided examinations and lowering the iodinated contrast agent dose can significantly decrease
overall iodinated contrast media (ICM) usage, leading to enhanced patient safety by reducing risks like
hypersensitivity reactions and contrast-induced acute kidney injury. Clinical trials are ongoing to further
investigate the impact of these optimized protocols on diagnostic accuracy, patient outcomes, and
overall healthcare efficiency.(26) concluded on their study that when performing Coronary CT
Angiography on patients with a BMI of 26 to 30 kg/m2, the use of 320-row CT and a "double low"
scanning protocol not only produced images of high diagnostic quality but also minimised radiation
exposure and iodine consumption. (26)concluded on their study that when performing Coronary CT
Angiography on patients with a BMI of 26 to 30 kg/m2, the use of 320-row CT and a "double low"
scanning protocol not only produced images of high diagnostic quality but also minimised radiation
exposure and iodine consumption.(27) concluded on their study They found that utilising 80 kVp with
moderate concentration contrast media enhanced vascular enhancement, signal to noise ratio, and
contrast to noise ratio while consuming less iodine and less radiation than the standard protocol of 120
kVp with high concentration contrast media. (27)concluded on their study that when performing
Coronary CT Angiography on patients with a BMI of 26 to 30 kg/m2, the use of 320-row CT and a
"double low" scanning protocol not only produced images of high diagnostic quality but also minimised
radiation exposure and iodine consumption.

6.Clinical Applications and Outcomes

Examination of the potential clinical applications of low kVp CT scans with reduced iodinated

contrast agent concentrations.

Low kilovoltage peak (kVp) CT scans with reduced iodinated contrast agent concentrations have

significant clinical applications and benefits. Research indicates that the relative attenuation of iodinated
6202



CAHIERS MAGELLANES-NS ISSN:1624-1940
Volume 06 Issue 2 DOI 10.6084/m9.figshare.2632599
2024 http://magellanes.com/

contrast material is increased at lower kVp settings, leading to higher contrast enhancement compared
to higher kVp settings. This increased attenuation at low kVp allows for a reduction in radiation
exposure while maintaining signal-to-noise ratio (SNR) and image quality. Strategies such as combining
low kVp with iterative reconstruction (IR) can help reduce iodine contrast doses while maintaining
image quality comparable to standard protocols. Additionally, the use of low-concentration contrast
agents (e.g., 270 mgl/mL) in conjunction with low-tube-voltage CT scans (e.g., 100 kVp) has been
shown to decrease radiation dose by up to 32% without compromising diagnostic image quality. These
optimized protocols offer a balance between achieving diagnostic image quality, reducing radiation
exposure, and ensuring patient safety in CT imaging. (27)concluded on their study compared to a 120-
kVp treatment, an 80-kVp protocol with iterative model reconstruction produces images of greater
quality while using 74% less radiation and 40% less contrast agent, while also reducing more picture
noise than an 80-kVp protocol with hybrid image reconstruction. (28)concluded on their study that the
image quality produced by low kVp, low concentration contrast agents combined with iterative
reconstruction for CTCA imaging produced image quality consistent with that of conventional CTCA
and significantly reduced the dosage of the radiation and injected iodine. (29) According to the study, a
low tube voltage and low contrast agent CT pulmonary angiography protocol produced images with at
least comparable subjective quality and a similar positive rate for diagnosing pulmonary embolism
while using a dose of radiation that was approximately 63.6% lower and a contrast agent that contained
22.9% less iodine than a traditional CT pulmonary angiography protocol.

The impact on patient outcomes, diagnostic accuracy, and overall healthcare cost-effectiveness.
The optimization of contrast-enhanced CT protocols using low kilovoltage peak (kVp) settings and
lower concentrations of iodinated contrast agents can have a significant impact on patient outcomes. By
reducing radiation exposure and contrast agent dose, these protocols contribute to enhanced patient
safety during imaging procedures. Lowering the iodine dose can decrease the risk of adverse reactions
and contrast-induced acute kidney injury, improving patient tolerance and overall experience during CT
scans. (29)concluded on their study By using a Dual Source CT Flash protocol with low tube voltage,
iterative reconstruction, and low-iodine-concentration contrast media, CT images of the aorta could be
obtained in just 2 seconds. Appropriate contrast enhancement was accomplished while maintaining
good image quality and lowering the radiation and iodine doses. Additionally, the maintenance of
diagnostic image quality through optimized protocols ensures accurate diagnoses, leading to appropriate
treatment plans and better patient outcomes. (24)concluded on their study that using low tube voltage
(80 kVp), low tube current (120 mA), and low-concentration iodinated contrast agent (270 mgl/ml)
allows for a reduction of 22% in radiation dose and a reduction of 22% in iodine load while maintaining
compatible image quality and diagnostic accuracy. However, it can also be utilised to investigate
complex congenital cardiac disease. (28)concluded on their study in lower extremity CT Angiography,
reduced radiation dose and iodine load in CT Angiography scans by using low concentration contrast
medium and low tube voltage may not yet be a feasible replacement for conventional automatic
exposure control CT angiography. Overall, the implementation of these protocols can positively
influence patient outcomes by balancing the benefits of imaging clarity with reduced risks associated
with contrast agents and radiation exposure.

7.Future Directions and Recommendations

Proposal for future research directions in optimizing contrast-enhanced CT imaging protocols.

1. Impact on Image Quality and Diagnostic Accuracy: Future research could focus on evaluating

the impact of low kilovoltage peak (kVp) CT scans with reduced iodinated contrast agent concentrations
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on image quality and diagnostic accuracy across various clinical scenarios. Studies can investigate the
optimal balance between contrast enhancement, radiation dose reduction, and diagnostic efficacy.

2. Patient Outcomes and Safety: Research could explore the effects of optimized protocols on patient
outcomes, including the incidence of adverse reactions, contrast-induced nephropathy, and overall
patient safety. Long-term studies assessing patient outcomes following imaging with these protocols
can provide valuable insights.

3. Healthcare Cost-Effectiveness: Investigating the cost-effectiveness of implementing optimized
contrast-enhanced CT protocols in clinical practice is essential. Analyzing the economic impact,
resource utilization, and potential savings associated with reduced contrast agent doses and radiation
exposure can guide healthcare decision-making.

4. Advanced Imaging Technologies: Future studies may focus on integrating advanced imaging
technologies like dual-energy CT (DECT) with low kVp settings and lower concentrations of iodinated
contrast agents to further enhance image quality while minimizing risks. Evaluating the synergistic
effects of these technologies can lead to innovative imaging solutions.

5. Optimization Strategies: Research can delve into refining injection protocols, image reconstruction
algorithms, and software enhancements to maximize the benefits of low kVp CT scans and reduced
iodinated contrast agent concentrations. Continuous optimization efforts can lead to improved protocols
for enhanced clinical utility.

8.Recommendations for implementing low kVp CT scans with lower concentrations of iodinated
contrast agents in clinical practice.

1. Optimal Protocol Selection: Tailor CT protocols based on clinical indications and patient
characteristics. Utilize lower kVp settings for patients with smaller body sizes to enhance image contrast
while reducing radiation dose. Reserve higher kVp values for larger patients to maintain diagnostic
quality.

2. Utilize High-lIodine-Concentration Contrast Media: Combine low kV imaging with high-iodine-
concentration contrast media to achieve higher contrast enhancement, allowing for overall lower
radiation doses without compromising image quality.

3. Automated kVp Selection: Implement software tools that automate kVp selection based on
attenuation information and exam type to increase the frequency of using lower kVp values, optimizing
contrast-enhanced CT protocols.

4. Injection Protocol Optimization: Focus on maximizing iodine flux by adjusting injection volume,
rate, and iodine concentration. Increasing iodine concentration can enhance signal peak while
preserving bolus timing, contributing to improved diagnostic performance.

5. Consider Patient Safety: Ensure accurate patient centering during scans to minimize radiation dose
and image noise. Group exams into low-contrast and high-contrast categories, adjusting mA techniques
and kVp values accordingly to optimize radiation exposure.

6. Continuous Education and Training: Provide on-going education for radiology staff on the
benefits and implementation of low kVp CT scans with reduced iodinated contrast agents. Encourage
adherence to optimized protocols for consistent quality and safety. (30)

9.Conclusion

In summary, the combination of low kVp CT scans and reduced iodinated contrast agent concentrations

presents a promising strategy for improving image quality, lowering radiation exposure, and optimizing

diagnostic outcomes across various clinical scenarios. These results highlight the potential advantages

of incorporating optimized protocols into contrast-enhanced CT imaging practices. The utilization of

low kVp CT scans with diminished iodinated contrast agent concentrations offers several benefits, such
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as enhanced image quality, reduced radiation exposure, and improved patient safety. Lower kVp
settings improve contrast resolution, while decreased concentrations of iodinated contrast agents
decrease radiation exposure without compromising diagnostic image quality. The use of high-iodine-
concentration contrast media alongside low kVp settings can further optimize contrast enhancement and
reduce radiation doses. Automated kVp selection based on attenuation information and exam type can
promote the frequent use of lower kVp values, optimizing contrast-enhanced CT protocols.
Implementing these strategies in clinical practice can lead to improved patient outcomes, diagnostic
accuracy, and overall cost-effectiveness in contrast-enhanced CT imaging procedures. The adoption of
low kVp CT scans with reduced iodinated contrast agent concentrations signifies a significant
advancement in diagnostic imaging practices. By prioritizing protocol optimization, radiation exposure
reduction, and patient safety enhancement, this approach contributes to more efficient and cost-effective
healthcare delivery. On-going research exploring the full potential of these protocols is likely to bring
even greater improvements to diagnostic imaging, benefiting both patients and the broader healthcare
system.

References

1. Amato, E., Lizio, D., Settineri, N., Di Pasquale, A., Salamone, 1., & Pandolfo, 1. (2010). A
method to evaluate the dose increase in CT with iodinated contrast medium. Medical Physics, 37(8),
4249-4256. https://doi.org/10.1118/1.3460797

2. Beckett, K. R., Moriarity, A. K., & Langer, J. M. (2015). Safe Use of Contrast Media: What the
Radiologist Needs to Know. RadioGraphics, 35(6), 1738—1750. https://doi.org/10.1148/rg.2015150033
3. Buls, N., Van Gompel, G., Van Cauteren, T., Nieboer, K., Willekens, 1., Verfaillie, G., Evans,
P., Macholl, S., Newton, B., & de Mey, J. (2015). Contrast agent and radiation dose reduction in
abdominal CT by a combination of low tube voltage and advanced image reconstruction algorithms.
European Radiology, 25(4), 1023—1031. https://doi.org/10.1007/s00330-014-3510-5

4. Chang, S., Jung, J. I., & Beck, K. S. (2023). Low Tube Voltage Chest Computed Tomography
With Enhancement Using Low-Concentration lodinated Contrast Media: Comparison of 240 mg/mL
Versus 300 mg/mL Iodinated Contrast Media. Canadian Association of Radiologists Journal, 74(1),
127-136. https://doi.org/10.1177/08465371221102631

5. Cho, E.-S., Chung, T.-S., Kun Oh, D., Seok Choi, H., Hyun Suh, S., Lee, H.-K., & Hee Lee, K.
(2012). Cerebral Computed Tomography Angiography Using a Low Tube Voltage (80 kVp) and a
Moderate Concentration of lodine Contrast Material. Investigative Radiology, 47(2), 142-147.
https://doi.org/10.1097/RLI1.0b013e31823076a4

6. Dammann, F., Bootz, F., Cohnen, M., Hal}feld, S., Tatagiba, M., & Kosling, S. (2014).
Diagnostic Imaging Modalities in Head and Neck Disease. Deutsches Arzteblatt International.
https://doi.org/10.3238/arztebl.2014.0417

7. Dieckmeyer, M., Sollmann, N., Kupfer, K., Loffler, M. T., Paprottka, K. J., Kirschke, J. S., &
Baum, T. (2023). Computed Tomography of the Head. Clinical Neuroradiology, 33(3), 591-610.
https://doi.org/10.1007/s00062-023-01271-5

8. Harbron, R. W., Ainsbury, E. A., Bouffler, S. D., Tanner, R. J., Pearce, M. S., & Eakins, J. S.
(2018). The impact of iodinated contrast media on intravascular and extravascular absorbed doses in X-
ray imaging: A microdosimetric analysis. Physica  Medica, 46, 140-147.
https://doi.org/10.1016/j.jmp.2018.02.001

9. Holalkere, N.-S., Matthes, K., Kalva, S. P., Brugge, W. R., & Sahani, D. V. (2011). 64-Slice
multidetector row CT angiography of the abdomen: comparison of low versus high concentration

6205



CAHIERS MAGELLANES-NS ISSN:1624-1940
Volume 06 Issue 2 DOI 10.6084/m9.figshare.2632599
2024 http://magellanes.com/

iodinated contrast media in a porcine model. The British Journal of Radiology, 84(999), 221-228.
https://doi.org/10.1259/bjr/14535110

10. Hu, X., Ma, L., Zhang, J., Li, Z., Shen, Y., & Hu, D. (2017). Use of pulmonary CT angiography
with low tube voltage and low-iodine-concentration contrast agent to diagnose pulmonary embolism.
Scientific Reports, 7(1), 12741. https://doi.org/10.1038/s41598-017-13077-w

11. Huda, W., Scalzetti, E. M., & Levin, G. (2000). Technique Factors and Image Quality as
Functions of Patient Weight at Abdominal CT. Radiology, 217(2), 430-435.
https://doi.org/10.1148/radiology.217.2.r00nv35430

12. Iyama, Y., Nakaura, T., Yokoyama, K., Kidoh, M., Harada, K., Oda, S., Tokuyasu, S., &
Yamashita, Y. (2016). Low-Contrast and Low-Radiation Dose Protocol in Cardiac Computed
Tomography. Journal of  Computer  Assisted Tomography, 40(6), 941-947.
https://doi.org/10.1097/RCT.0000000000000440

13. Khawaja, R. D. A., Singh, S., Otrakji, A., Padole, A., Lim, R., Nimkin, K., Westra, S., Kalra,
M. K., & Gee, M. S. (2015). Dose reduction in pediatric abdominal CT: use of iterative reconstruction
techniques across different CT platforms. Pediatric Radiology, 45(7), 1046-1055.
https://doi.org/10.1007/s00247-014-3235-2

14. Kim, J., Kim, J.-Y., Oh, S.-W., & Kim, H.-G. (2022). Evaluating the Image Quality of Neck
Structures Scanned on Chest CT with Low-Concentration-lodine Contrast Media. Tomography, 8(6),
2854-2863. https://doi.org/10.3390/tomography8060239

15. Kim, J.-H., Kim, M.-J., Kim, H. Y., & Lee, M.-J. (2014). Radiation dose reduction and image
quality in pediatric abdominal CT with kVp and mAs modulation and an iterative reconstruction
technique. Clinical Imaging, 38(5), 710-714. https://doi.org/10.1016/j.clinimag.2014.05.008

16. Kim, S. M., Kim, Y. N., & Choe, Y. H. (2013). Adenosine-stress dynamic myocardial perfusion
imaging using 128-slice dual-source CT: optimization of the CT protocol to reduce the radiation dose.
The International Journal of Cardiovascular Imaging, 29(4), 875—884. https://doi.org/10.1007/s10554-
012-0138-x

17. Liu, Z.-C., Zhao, S., Ma, Z.-P., Zhang, T.-L., & Zhao, Y.-X. (2022). Comparing feasibility of
different tube voltages and different concentrations of contrast medium in coronary CT angiography of
overweight patients. Journal of X-Ray Science and Technology, 30(6), 1261-1272.
https://doi.org/10.3233/XST-221263

18. Marin, D., Nelson, R. C., Barnhart, H., Schindera, S. T., Ho, L. M., Jaffe, T. A., Yoshizumi, T.
T., Youngblood, R., & Samei, E. (2010a). Detection of Pancreatic Tumors, Image Quality, and
Radiation Dose during the Pancreatic Parenchymal Phase: Effect of a Low-Tube-Voltage, High-Tube-
Current CT Technique—Preliminary Results. Radiology, 256(2), 450-459.
https://doi.org/10.1148/radiol.10091819

19. Marin, D., Nelson, R. C., Barnhart, H., Schindera, S. T., Ho, L. M., Jaffe, T. A., Yoshizumi, T.
T., Youngblood, R., & Samei, E. (2010b). Detection of Pancreatic Tumors, Image Quality, and
Radiation Dose during the Pancreatic Parenchymal Phase: Effect of a Low-Tube-Voltage, High-Tube-
Current CT Technique—Preliminary Results. Radiology, 256(2), 450-459.
https://doi.org/10.1148/radiol.10091819

20. Marin, D., Nelson, R. C., Rubin, G. D., & Schindera, S. T. (2011). Body CT: Technical
Advances for Improving Safety. American Journal of Roentgenology, 197(1), 33-41.
https://doi.org/10.2214/AJR.11.6755

21. Masuda, T., Funama, Y., Nakaura, T., Tahara, M., Yamashita, Y., Kiguchi, M., Imada, N., Sato,
T., & Awai, K. (2018). Radiation Dose Reduction with a Low-Tube Voltage Technique for Pediatric

6206



CAHIERS MAGELLANES-NS ISSN:1624-1940
Volume 06 Issue 2 DOI 10.6084/m9.figshare.2632599
2024 http://magellanes.com/

Chest Computed Tomographic Angiography Based on the Contrast-to-Noise Ratio Index. Canadian
Association of Radiologists Journal, 69(4), 390-396. https://doi.org/10.1016/j.carj.2018.05.004

22. Mazloumi, M., Van Gompel, G., Kersemans, V., de Mey, J., & Buls, N. (2021). The presence
of contrast agent increases organ radiation dose in contrast-enhanced CT. European Radiology, 31(10),
7540-7549. https://doi.org/10.1007/s00330-021-07763-7

23. Meng, D., Cui, X., Bai, C., Yu, Z., Xin, L., Fu, Y., Wang, S., Du, Y., Gao, Z., & Ye, Z. (2020).
Application of low-concentration contrast agents and low-tube-voltage computed tomography to chest
enhancement examinations: A multicenter prospective study. Science Progress, 103(1),
003685041989219. https://doi.org/10.1177/0036850419892193

24, Mousavi Gazafroudi SS, S. K. A. M. M. M.-G. S. Y. G. T. MB. (2019). Evaluation of image
quality and radiation dose in low tube voltage coronary computed tomography angiography. ARYA
Atheroscler ., 15(5), 205-210.

25. Nakayama, Y., Awai, K., Funama, Y., Hatemura, M., Imuta, M., Nakaura, T., Ryu, D.,
Morishita, S., Sultana, S., Sato, N., & Yamashita, Y. (2005). Abdominal CT with Low Tube Voltage:
Preliminary Observations about Radiation Dose, Contrast Enhancement, Image Quality, and Noise.
Radiology, 237(3), 945-951. https://doi.org/10.1148/radiol.2373041655

26. Ngaile, J. E., Msaki, P. K., Kahuluda, E. M., Chuma, F. M., Mwimanzi, J. M., & Jusabani, A.
M. (2021). Effect of Lowering Tube Potential and Increase lodine Concentration of Contrast Medium
on Radiation Dose and Image Quality in Computed Tomography Pulmonary Angiography Procedure:
A Phantom Study. Tanzania Journal of Science, 47(3), 1211-1224. https://doi.org/10.4314/tjs.v4713.29
27. Nyman, U., Almén, T., Aspelin, P., Hellstrom, M., Kristiansson, M., & Sterner, G. (2005).
Contrast-medium-induced nephropathy correlated to the ratio between dose in gram iodine and
estimated gfr in ml/min. Acta Radiologica, 46(8), 830-842.
https://doi.org/10.1080/02841850500335051

28. Oda, S., Utsunomiya, D., Yuki, H., Kai, N., Hatemura, M., Funama, Y., Kidoh, M., Yoshida,
M., Namimoto, T., & Yamashita, Y. (2015). Low contrast and radiation dose coronary CT angiography
using a 320-row system and a refined contrast injection and timing method. Journal of Cardiovascular
Computed Tomography, 9(1), 19-27. https://doi.org/10.1016/j.jcct.2014.12.002

29. Saeedan, M. Bin, Aljohani, I. M., Khushaim, A. O., Bukhari, S. Q., & Elnaas, S. T. (2016).
Thyroid computed tomography imaging: pictorial review of variable pathologies. Insights into Imaging,
7(4), 601-617. https://doi.org/10.1007/s13244-016-0506-5

30. Shen, Y., Sun, Z., Xu, L., Li, Y., Zhang, N., Yan, Z., & Fan, Z. (2015). High-Pitch, Low-Voltage
and Low-lodine-Concentration CT Angiography of Aorta: Assessment of Image Quality and Radiation
Dose with Iterative Reconstruction. PLOS ONE, 10(2), e0117469.
https://doi.org/10.1371/journal.pone.0117469

6207



