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Abstract 

New medical CT technologies and devices have undoubtedly made great improvements in 

the diagnosis and treatment of human diseases. Simultaneously, inappropriate, or 

unqualified use of these technologies and medical equipment can cause unnecessary or 

unintended exposures and potential health hazards for the patients and medical personnel. 

These risks can be largely controlled, and benefits can be maximized by choosing 

appropriate procedures and methods to reduce patients’ exposure without reducing clinical 

efficacy. In the last few years, there has been an increased number of CT examinations in 

medical clinical practice which represents a large part of the collective dose of radiation 

from diagnostic examinations. At the same time average annual per capita radiation dose 

for diagnostic purposes is also increasing which contributed to growing the concern about 

radiation hazards among the population. Due to the increasing concern about the potential 

dangers of CT radiation, many strategies have been developed to reduce and optimize CT 

dose in order to maximize the benefit-risk ratio of CT examinations. Lifetime risks of CT 

examinations, the cumulative dose of CT radiation per capita, is very important especially 

in the young population who have higher radio-sensitivity and expectancy of longer life 

than the old ones. In this presentation, the currently available strategies for optimized CT 

protocols and reducing the CT dose are presented, which can lead the appropriate 

utilization of CT in diagnostic manner through good medical practices which can 

contribute to adequate radiation protection on patients. 
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Introduction 

Modern medical CT technologies and devices have undoubtedly made great improvements 

in the diagnosis and treatment of human diseases. Simultaneously, inappropriate, or 

unqualified use of these technologies and medical equipment can cause unnecessary or 

unintended radiation exposures and potential health hazards for the patients and medical 

personnel. These risks can be largely controlled, and the benefits can be maximized, by 

choosing appropriate procedures and methods to reduce patients’ radiation exposure 

without reducing clinical efficacy (1). With the increased utilization of CT, the average 
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annual per capita radiation dose for diagnostic purposes is also increasing. It raises 

concerns about radiation hazards among the population. In addition to that is the fact that 

the effective dose per capita has doubled in the last 10 years. Although the utility of 

modern diagnostic procedures is considerable, and the individual risk associated with 

radiation exposure from medical examinations is still generally low, the increasing number 

of examination with ionizing radiation and the number of exposed persons who have 

multiple examinations annually, is general public health issue, taking into account the fact 

that more than two-thirds of the radiation for diagnostic purposes are attributed to the 

computed tomography (head, chest, abdomen, pelvis) Figure 1. 

 

Figure1. 

For those reasons, CT is the primary focus of attention. Modalities such as fluoroscopy, 

angiography, interventional radiological procedures are also in the center because of the 

radiation doses. With the rise of the number of CT examinations, there is also growing 

concern about the danger of increased radiation from performing a greater number of 

examinations, at the same patients several times per year (2). For this reason, in recent 

decades much attention has been given to the optimization of the dose on CT examinations 

by radiologists, technologists and medical physicists. With the purpose to ensure the 

quality and safety in radiology, it is mandatory to systematically monitor and analyze the 

data concerning the dose from the radiological examinations, as well as monitoring of the 

images’ quality. New strategies for reducing the radiation dose during radiological 

diagnostic procedures are continuously being developed and radiologists have a key role in 

these dose management activities. 

Most of the strategies to reduce CT dose are focused on the choice of the CT scan as an 

appropriate diagnostic test, limiting the examination to the anatomic area which is 

required, and optimizing the parameters of scanning (especially in pediatric patients). Only 

by applying optimized technical parameters radiation exposure could be reduced by up to 

65%.  

In the process of the dose optimization, multiphase examinations that include series 

without i.v. contrast and post contrast series (arterial, venous late series) should be 

considered especially in cases where one or fewer phases in the examination are sufficient. 

Multiphase CT studies (repeated scans before and after contrast injection) are potentially 
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very important source of medically unnecessary radiation due to the dose multiplier effect 

of dose in the additional phases. Despite the facts that high levels of exposure to ionizing 

radiation increase the risk of cancer, the data for lower doses of radiation obtained in 

sequences or from multiple examinations are less clear and still controversial (3). Because 

of insufficient clarity surrounding this issue, the American College of Radiology, Health 

Physics Society, IAEA and other concerned organizations, have embraced the ALARA 

principle. This principle dictates that physicians should strive to reduce radiation exposure 

to the lowest achievable levels, focusing on what is medically necessary.  

Regarding multiphase examinations, the American College of Radiology recognizing the 

need for guidelines, in 1993 developed the ACR Evidence-Based Appropriateness Criteria, 

that describe scanning protocols with specific phase selections for various clinical 

conditions (4). In 2014, ESR nominated experienced radiologists to develop European 

guidelines for imaging referrals according to eligibility criteria of the American College of 

Radiology. These guidelines are integrated into the ESR iGuide platform. Current 

international requirements linked to the medical use of ionizing radiation also take a part in 

International Basic Safety Standards (IAEA Safety Standards Series No. GSP Part 3) (5). 

Regarding the improvement in medical clinical practice, establishing and maintaining a 

culture of radiation safety in health care, the three fundamental principles of radiation 

protection are important: Justification, Optimization, and Dose limit (6).  

While quantifying the lifetime risks related to CT examinations involves uncertainties, it's 

crucial to minimize the cumulative dose of CT radiation per person. This is particularly 

critical for younger individuals, given their heightened radiosensitivity and longer life 

expectancy compared to the older population (7). 

 

CT Dose Parameters and Radiation Dose 

 

Patient’s radiation exposure associated with CT is assessed using 3 main metrics:  

1. Volume CT dose index (CTDI) vol.- represents the output dose of radiation from 

the scanner,  

2. The dose length product (DLP) - represents the dose from the total scan and is 

derived from the CTDI volume including a scan length component, 

3. The effective dose (ED) which measures the equivalent dose to the whole body 

with the same risk of biological effect. ED expressed as millisieverts (mSv), is 

formulated as a sum of absorbed doses of individual organs, weighted for their 

sensitivity to radiation.  

Scan length (L) (Depends on patient height). Figure 2. 

           DLP = CTDI x L 

           DLPtotal = DLPseries

  
 х No (series) 
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                                                                                                            Figure 2. 

 

Parameters that Affects Radiation Dose and Images’ Quality in CT 

Factors which directly affect the dose and image quality in CT include quality reference tube 

current, quality reference image noise, tube voltage, quality reference contrast to noise ratio, 

beam dimensions (width, height, z length), rescanning, reconstruction kernel, and iterative 

reconstruction algorithms (8). 

 

Why the dose is so important? 

 

The importance of radiation doses derives from the basic concepts of radiation and the 

evidence linking radiation exposure for medical purposes to the risk of developing cancer. 

Deterministic effects of radiation or so-called tissue reactions, such as skin erythema and 

hair loss, which result from cell death or radiation-induced damage, are in contrast with 

stochastic harmful effects on the population, such as cancer, which result from mutations. 

At the same time, the concepts of risk and dose were opposed. Certain radiobiological 

studies also indicate an increased risk for stochastic effects in pediatric and young adult 

population, compared to older adults for the same radiation exposure. Given that 

expression of stochastic damage takes many decades to become apparent, we may be just 

at the threshold of an increasing MDCT-induced cancer rate (9). 

With the increased use of CT in recent years, there has been growing concern about the 

stochastic risks of radiation and safety in patient care.  

Although CT accounts for only 17% of imaging studies obtained, statistics show that it is 

responsible for nearly half of the collective effective dose from medical procedures in the 

United States (Mettler et al. 2009) (10). Risk projection models for radiation-induced 

carcinogenesis predict that in a few decades, 1.5–2% of all cancers in the United States 

may be attributable to CT use (Brenner and Hall 2007). Although diagnostic CT 

examinations are generally performed for assumed clinical indication in which the net 

benefit to the individual patient outweighs the theoretically increased risk of radiation, 

induced malignancy growth in the use of CT exams, generally increases the likelihood of 

stochastic harmful effects on the population (expression of a cancerous disease). Because 

of this potential radiation risk from the increased use of CT, it is especially important that 

CT doses are kept as low as reasonably possible (10). 

 

How to reduce the dose?  

 

In order to reduce the radiation dose, the first step is to consider the clinical indication and 

justification of a particular CT examination. The process of dose optimization often 

involves multiple stakeholders: referring physician, radiologists, CT technologists, medical 

physicists and patients.  
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To comply with the "as far as reasonably practicable" principle, appropriate strategies to 

optimize CT examinations should also be developed (11).  

CT equipment manufacturers are also striving to develop new techniques to reduce 

radiation dose while maintaining or improving image quality. Part of them are new types 

of detectors, automatic exposure control (AEC) systems and iterative reconstruction (IR) 

algorithms, as part of the most modern techniques for radiation dose optimization in CT.  

An optimization approach to minimize the absorbed dose in patients undergoing a CT 

examination, at the same time, means maintaining a certain image quality of the diagnostic 

image, suitable for establishing a diagnosis, taking into account correlation with the image 

quality. 

Regarding that, our practical goal is to find an optimization approach to minimize the 

absorbed dose in patients undergoing CT examination, while maintaining a certain quality 

of the diagnostic image.  

CT scanners differ in their features both depending on the generation of the scanner and 

between different manufacturers type. 

At the same time, the different indications require appropriate protocols that are in 

accordance with the clinical question. However, an essential primary step before any CT 

scan is to justify the medical need for the CT scanning. Radiologists influence the patient's 

radiation dose by selecting imaging protocols and targeting body-specific and disease-

specific protocols that can minimize dose. The goal when choosing protocols is not to 

create an image of the highest technical quality, but to generate a diagnostic image that 

enables the diagnosis of pathological changes, using the lowest possible dose.  

That's why strategies to reduce exposure to medical radiation largely have two primary 

goals:  

1. Achieving greater awareness of the significance of medical radiation exposure.  

2. Using new technology to obtain high-quality images from inherently noisier data.  

According to that, CT dose reduction are a combination of different approaches or 

strategies.  

These include Justification of CT diagnostic procedure; Optimization of scanning protocols 

and appropriate adjustments according to age or weight; Reduction of unnecessary 

examinations; Development of appropriate exposure protocols by manufacturers; 

Sufficient training and education for radiologists and radiologic technologists. 

 

Dose Optimization 

 

Optimization is the process of maintaining diagnostic image quality while minimizing the 

dose of ionizing radiation required to capture an image. 

Optimization of CT radiation dose is an important issue that should be pursued first, 

starting with the choice of CT equipment and the proper training of the radiologists, 

radiologic technologists, and medical physicists.  

To optimize CT examination protocols, an understanding of CT scan parameters and their 

effect on image quality is fundamental. There is also a need for standardization of CT 
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diagnostic reference levels (DRLs) in accordance with the recommendations of the 

International Commission on Radiation Protection to reduce dose variations and facilitate 

comparison of doses (12). The same can be done by adopting international DRLs or 

making a DRL on the national level. 

 

How to achieve an optimized dose? 

 

The optimization of the radiation dose can be achieved by: Setting appropriate technical 

parameters; Optimizing the protocol according to the clinical question; Focusing on the 

training of professionals who are directly involved in the process of CT imaging and 

diagnosing changes, such as radiologists, technologists and medical physicists.  

The best way to achieve dose optimization is to understand all the factors and parameters 

that can affect radiation dose and image quality and how they can be changed in the 

direction of dose reduction by designing or modifying scanning protocols.  

CT parameters that affect the patient's radiation dose are  detector configuration, tube 

current, tube potential, pitch, patient positioning, scan range, reconstructed slice thickness,  

shielding (13). 

 

CT Dose Optimization Strategies 

 

In order CT examinations to comply with the "as far as reasonably practicable" principle, 

appropriate dose optimization strategies need to be developed.  

CT machine manufacturers are striving to develop techniques to reduce radiation dose while 

providing diagnostic-quality images. New improved detectors, Automatic Exposure Control 

(AEC) systems and Iterative Reconstruction (IR) algorithms are the newest techniques for 

radiation dose optimization in CT diagnostics (14,15).  

However, in a large proportion of CT studies submitted to the literature, CT examinations 

have been performed with multiphase scanning protocols that are not always appropriate 

according to the clinical indication. Additional phases effectively multiply the radiation dose, 

so multiphase trials are an important source of unnecessary additional radiation, especially if 

extrapolated to larger populations. The majority of patients were noted to have multiphase 

CT scans, with at least 1 phase which is not indicated (late phase or native non contrast 

series). Routine multiphase CT scans of the abdomen and pelvis can be considered a source 

of additional unnecessary radiation exposure because a large proportion of clinical 

indications concerning the abdominal viscera can be effectively addressed with a single 

portal-venous phase series, even in a clinical context of acute abdominal pain. This source of 

excess radiation can be corrected by a personalized approach to the patient’s needs and the 

correct choice of CT protocol according to the clinical question and the patient's clinical 

condition and guided by the ACR Appropriateness Criteria or other evidence-based criteria 

(16,17). In doing so, the general guiding principles for optimization and dose reduction 
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include Minimizing scan length; Use of tube current modulation; Minimizing tube current; 

Minimizing the potential; Tailoring a scan to a patient with appropriate scan phases; Scan 

series reduction; Iterative reconstruction; Periodic review of CT studies (18-20). 

 

Conclusion  

 

Optimization and CT dose reduction is a process of combining different approaches or 

strategies. These include adequate equipment selection and development of better exposure 

protocols by manufacturers, justifying the use of CT examination according to clinical 

indication and reducing unnecessary examinations, correct selection of the CT examination 

protocols and optimization of scanning protocols and adjustments according to age or 

weight, continuous training and education for the technologists, radiologists and medical 

physicists.  

Achieving low-dose scanning is a team effort that requires tailoring the patient's scan 

according to the medical question, continuously improving image quality while reducing the 

dose to the lowest possible level. Achieving this goal in practice requires a substantial 

knowledge base in the fields of radiation physics, biology and epidemiology, radiology and 

other various clinical applications. 
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