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Optimization of CT radiation dose: Insight into DLP and CTDI
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scanned area. These measures enhance consistency in dose assessments, make comparisons easier, and assist in
keeping doses within regulatory limits. This article explores the functions of CTDI and DLP in CT imaging, focus-
ing on their importance in dosage optimization and patient safety. Understanding and monitoring this informa-
tion allows healthcare professionals to strike a compromise between high-quality imaging and reduced radiation
exposure, assuring patient care and regulatory compliance.
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Computed tomography (CT) has revolutionized medical diagnostics, providing high-resolution
DOI: images critical for accurate diagnosis and treatment planning. However, CT is associated with
10.25259/FH_45_2024 . - . . . . . 1o
rather high-radiation exposures, which raises worries about the potential of carcinogenesis."
Quick Response Code: Consequently, optimizing radiation dose in CT scans is essential to maximize diagnostic benefits

while minimizing health risks.

According to the International Atomic Energy Agency, for diagnostic medical exposure, the
exposure of patients must be kept to the minimum necessary level to achieve the required
diagnostic or interventional objectives.’ During a CT examination for a specific clinical objective,
a quality image should be recorded without unnecessary doses to the patients. All guidelines,
therefore, include reference doses that are described as diagnostic reference levels (DRL).*

Key metrics in radiation dose management include the computed tomography dose index (CTDI)
and the dose-length product (DLP). CTDI measures the radiation dose from a single slice of the
scan, reflecting the scanner’s output under standard conditions, while DLP accounts for the total
radiation dose considering the length of the scanned area. Both metrics are integral to assessing
and managing the radiation dose delivered during CT procedures. They provide reference values
for exposure but have no direct relationship to patient dosing. DRLs are essential in regulating
patient exposure and providing treatment precision during CT scans.

Fundamentals of CT radiation dosimetry

In CT, radiation dosimetry refers to measuring, calculating, and evaluating the radiation dosage
administered to patients during a CT scan. These principles must be understood to ensure
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diagnostic image quality while minimizing patient exposure
and optimizing radiation use. In CT imaging, doses to
patients are estimated from image data by using CTDI and
DLP values. Furthermore, from the recorded data, effective
doses are estimated by using the product of the region-
specific normalizing constant, which is the effective dose—
length product (EDLP), and the DLP from the International
Commission on Radiological Protection publication 103.°

Computed tomography dose index (CTDI)

The CTDI is a standardized measure of a CT scanner's
radiation dosage output, indicating the dose delivered per
slice. It is used to determine how much radiation a patient
absorbs during a CT scan.

CTDII00 (measured over a 100-mm-long ionization
chamber) and CTDIw (weighted average of dosage over
a single slice) were previously used; however, for helical
scanners in use today, the parameter CTDIvol is the more
widely used index.®

CTDI,: This measurement indicates the dosage from a
single axial CT slice and is made using an ionization chamber
that is 100 mm long and housed inside a phantom.

CTDI,, (Weighted CTDI): The CTDIw is the weighted
average of the CTDI100 measurements at the center and the
peripheral locations of the phantom. This value represents
the average absorbed dose over the x and y dimensions of the
phantom, which is an estimate of the average radiation dosage
to a cross-section of a patient’s body.’

CTDIW =2/3 CTDI100 (periphery) + 1/3 CTDI100 (center)

CTDI  (Volume CTDI): CTDI vol is derived directly from
the volumetric multidetector row system. It is estimated by
dividing by the pitch factor (P) in order to obtain the total

CTDI volume, expressed as:®

CTDlIvol = (1/pitch) x CTDIw

For a given scanner and set of acquisition parameters, the
CTDI volume is fixed and independent of patient size and
scan length.’

CTDI is critical for ensuring consistent dose measurements
across multiple CT scanners and procedures. It enables dose-
level comparisons and aids in the maintenance of doses
within regulatory limits.

The CTDI is obtained by using a 100-mm long pencil-shaped
ionization chamber in one of two phantom sizes (16 or 32 cm
in diameter). Most manufacturers compute the CTDI using a

16-cm phantom for head examinations and a 32-cm phantom
for body examinations (including the neck)."

Modern CT scanners frequently include software tools that
employ multi-detector data to generate CTDI and the DLP,
resulting in a thorough estimate of total radiation dosage for
entire examinations. Automated dose monitoring systems
that are integrated with the scanners continuously track and
record radiation doses, providing real-time feedback as well
as historical records. Regular quality assurance programs,
which include routine tests with phantom, are essential for
verifying the accuracy and consistency of every CT scanner
[Figure 1].1

DLP (Dose-length product)

The DLP is the total radiation dose multiplied by the length of
the body part being scanned.

DLP = CTDIvol x Scan length

The DLP is a dose quantity that describes the dose given
to the patient for a complete examination; therefore, the
potential biological effect can be estimated. Hence, it is used
to estimate the effectiveness of a body region. This parameter
is captured and displayed in the image data. The mGy cm is
the international standard SI unit.'

The DLP does not consider the patient's size and is not a
measure of absorbed dose. If the anteroposterior and lateral
dimensions of the patient are known, the size-specific dose
estimate can be used to calculate the absorbed dosage."
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Figure 1: Diagrammatic representation of Computed Tomography
Dose index phantom, PMMA Polymethyl Methacrylate, CT
Computed Tomography. (a) CT pencil chamber positioned along
the Z-axis within a cylindrical setup, (b) PMMA (Polymethyl
Methacrylate) phantom placed on a couch, with its position marked
along the X, Y, and Z axes.
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Figure 2: GE Healthcare (Series 200) dose sheet for bolus tracking
in a chest CT angiography pulmonary embolism study, DLP: Dose
length product, CTD: Computed tomography dose, CTA: Computed
Tomography Angiography.

Figure 3: The image displays a CT scan report detailing parameters
such as kV, mAs, CTDI vol, and DLP for various phases, including
Topogram, PreMonitoring, and Contrast Monitoring. TI: Timing
interval, c¢SL: Collimated slices, F-SP: Field of scan protocol, kV:
Kilovoltage, CTDI: Computed tomography dose index, DLP: Dose
length product.

To calculate the DLP, first measure the CTDI with a pencil
ionization chamber set in a cylindrical phantom. DLP can
be calculated using the formula DLP = CTDIvol x Scan
length, which takes into account the scan length obtained
from the CT scanner's software or pictures. Unit consistency,
with CTDIvol in milligrays (mGy) and scan duration in
centimeters (cm), is critical for accurate results.

The CT scanner generates a radiation dosage sheet, which
displays critical information regarding an examination. It
serves as a road map for the examination, outlining which
CT examinations were performed and what parameters were
used to conduct them. The CTDIvol, a critical component of
the radiation dose sheet, is a widely used radiation dose index
that appears on most CT scanners [Figures 2 and 3]."

DLP and CTDI together to estimate patient dose

The relationship between CTDI and DLP is crucial for
understanding and controlling radiation exposures. DLP
quantifies the total dose throughout the scan's full length,
whereas CTDI determines the dose per unit volume. The
formula for this relation

DLP = CTDI % Scan length.
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In clinical practice, these metrics are combined to improve
CT protocols and lower patient exposure. The amount of
radiation used (i.e., DLP) is directly proportional to the
patient’s effective dose.'” Furthermore, DLP can be translated
to an effective dose using conversion factors specific to distinct
body locations, allowing for a more complete assessment of
the radiation's possible biological consequences.

Effective Dose (mSv) = DLP (mGy\cm) * k

Here, k is the conversion factor that depends on the body
region (e.g., head, chest, abdomen). This relationship allows
for the assessment of potential radiation risks and aids in
optimizing CT protocols to minimize patient exposure.

A key aspect is optimizing the CTDI and DLP to ensure
diagnostic efficacy while minimizing radiation exposure.
Patient-specific factors play a crucial role in dose optimization.
For instance, younger patients are more sensitive to radiation,
necessitating lower doses. Similarly, a patient's size and body
mass index (BMI) affect the required radiation dose; larger
patients may require higher doses to achieve adequate image
quality. The clinical indication for the scan also influences
dose settings, as certain conditions may demand higher-
resolution images, which require higher doses. Balancing
these factors involves a careful assessment to adjust CTDI and
DLP appropriately, ensuring that the images are diagnostically
useful without exposing patients to unnecessary radiation.
This balance is critical to safeguarding patient health and
achieving optimal diagnostic outcomes.

Importance in clinical practice

Dose optimization: By understanding and optimizing CTDI
and DLP, radiologists can ensure that patients receive the
minimum radiation dose necessary for an accurate diagnosis,
adhering to the ALARA (As Low As Reasonably Achievable)
principle. Adjusting parameters such as tube current, voltage,
and scan time helps reduce CTDIvol and, consequently,
DLP. This careful optimization maintains high image quality
while significantly enhancing patient safety. By minimizing
the risks associated with radiation exposure. Radiologists
can provide effective diagnostic information with the least
possible harm to the patient. Continuous monitoring and
protocol adjustments further ensure adherence to ALARA,
reinforcing a commitment to patient-centered care.

Patient safety: Monitoring DLP and utilizing it to estimate
effective doses aids in determining the risk-benefit ratio of
CT scans, particularly for patients who require multiple scans.

Regulatory compliance: Adhering to DRLs established by
regulatory organizations guarantees that radiation exposures
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remain within acceptable ranges. CTDI and DLP measures
are crucial for compliance.

Practical guidelines to optimize CT doses in their daily
practice

Due to a growing demand for CT examinations, patients
are being exposed more frequently to ionizing radiation.'®
Radiologists and technologists can implement several
strategies to optimize CT doses, ensuring diagnostic quality
while minimizing patient exposure. Here are some useful
recommendations and guidelines:

1. Adjust milliampere (mA) settings

Reduce mA: One straightforward way to reduce CTDIvol is
to lower the milliampere (mA) setting. For example, a 25%
reduction in mA will reduce the CTDIvol and patient dose
by 25%.

Automatic exposure control (AEC): Utilize AEC systems

that adjust the mA in real-time based on patient size and
density, optimizing the dose for each scan.

2. Modity kilovolt peak (kVp)

Lower kVp for suitable exams: Lowering the kVp can
significantly reduce the radiation dose. This is particularly
useful in pediatric imaging or in scans where contrast is used,
as lower kVp can enhance contrast resolution.

Individualize kVp: Adjust kVp based on patient size and the
clinical indication of the scan.

3. Optimize scan length

Limit scan range: Ensure the scan length is limited to the
area of clinical interest. Avoid scanning regions that are not
necessary for diagnosis.

Careful planning: Pre-plan the scan protocol to include only
the essential areas to be imaged.

4. Personalize scanning protocols

Patient-specific adjustments: Adjust scanning protocols
based on patient age, size, BMI, and clinical indication to
ensure the dose is appropriate for the individual.

Pediatric protocols: Use specific pediatric protocols for children,
which account for their increased sensitivity to radiation.

5. Implement dose monitoring and feedback systems

Track dose metrics: Regularly monitor and record dose
metrics such as CTDIvol and DLP for each scan. Use these
data to review and refine scanning protocols.

Feedback loops: Establish feedback loops where dose data
are reviewed by radiologists and technologists to identify
opportunities for dose reduction.

6. Education and training

Ongoing training: Ensure all radiology staff are trained in
dose optimization techniques and are aware of the latest
guidelines and technological advancements.

Dose awareness: Foster a culture of dose awareness where
minimizing radiation exposure is a key priority.

Looking ahead, future directives in CT dose optimization are
poised to leverage advancements in research and technology.
Ongoing research is investigating new approaches to
reducing radiation exposure while retaining diagnostic
efficacy. Emerging technologies, such as artificial intelligence
(AI), show promise in predicting DLP values from large
databases of patient characteristics and scan information. Al
techniques can be used at every stage of a CT examination
to improve picture quality, increase workflow efficiency
for the operator and radiologist, and reduce image noise,
allowing the radiation dose delivered to the patient to be
reduced during data collecting.”” Furthermore, advances in
iterative reconstruction techniques and dosage monitoring
systems improve real-time dose management capabilities.
These improvements seek not just to improve patient safety
by reducing excessive radiation exposure but also to modify
imaging techniques for more personalized and efficient
healthcare delivery.

CONCLUSION

The integration of CTDI and DLP in CT imaging is
fundamental to achieving the critical balance between
diagnostic efficacy and radiation safety. These metrics enable
healthcare providers to monitor and optimize radiation
doses, ensuring patients receive the necessary diagnostic
information while minimizing exposure to ionizing
radiation. By understanding and controlling CTDI and
DLP, radiologists can tailor imaging protocols to achieve
high-quality images essential for accurate diagnosis and
treatment planning. This optimization ensures that images
are clear and detailed enough without unnecessary radiation
exposure, thereby enhancing patient safety and diagnostic
precision. Moreover, standardizing CT protocols based
on CTDI and DLP values is crucial for consistent and safe
imaging practices.
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