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Abstract. This literature review is a general overview about the most important factors affecting timing,
volume and flow rate of contrast media (CM) during CT examination especially regarding image quality,
sensitivity of diagnosis and patient safety. The review covers the effects of the bolus timing methods, injection
settings and patient-related factors on enhancement of the contrast and radiologic outcomes. In automated bolus
tracking, test bolus strategies, and consideration of patient habitus have been noted as top priority in the
optimization efforts of CM delivery. Much emphasis is put on the relationship between rate of injection and
contrast time and effects of incorrect loading of the contrast such as ineffective vascular visualization or
unwarranted radiations. The characteristics of the action of contrast media in the physicochemical aspect, the
impact of the size of cannulae and the point of administration and their effect on the dynamics of contrast are also
covered by the review. The brief discussion of new technologies in artificial intelligence (AI) and automation in
CT contrast administration administration is presented. New tools are promising to individualize the protocols
and improve similarity between various imaging centers. Further studies should work to confirm the effectiveness
of Al-based bolus monitoring systems, in addition to defining patient-oriented standards that will help guarantee
the best achievable image quality and reduce contrast dose and side-effects.
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1 Introduction

Computed tomography, often colloquially referred
to as a CT scan, is a diagnostic imaging modality
that employs a blend of X-ray technology and
computer processing to generate detailed images of
internal bodily structures, encompassing bones,
muscles, adipose tissue, organs, and blood vessels
[1-6]. CT scans serve various diagnostic purposes,
such as the detection of tumors, investigation of
internal hemorrhaging, assessment of internal
injuries, and the potential performance of tissue or
fluid biopsies.

Although a number of imaging modalities are
used in diagnostic radiology like MRI, ultrasound,
nuclear medicine among others, CT is the most
common mode used to get rapid vascular images
because it has speed factor, high spatial resolution
and availability. The contrast enhanced CT in
particular enables the real time evaluation of
vascular structures and perfusion patterns and as a
result it is the initial modality of many emergent as
well non-emergent uses. Additionally, contrast
timing and amount and contrast speed in CT have
direct effect on image contrast and reliability of
diagnosis, effects not quite as immediate and strong
in other modalities. These distinctive dependencies
make the delivery parameters of contrast during CT
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worth a special consideration as a method of
enhancing protocol standardization and patient
outcomes.

Furthermore, CT scans can be conducted with or
without the administration of contrast agents. These
contrast agents are substances administered
intravenously to enhance the visibility of specific
organs or tissues under examination. The volume of
contrast agent should be tailored to the scan duration
and the patient's physique, with typical volumes
ranging from 50 to 100 milliliters, featuring high
iodine concentrations of usually 320400 mgl/mL.
Employing a patient weight-based contrast agent
dosing protocol can ensure consistent vascular
enhancement. In fact, previous studies have
recommended contrast agent volumes ranging from
245 to 370 mgl/kg with a brief injection period [7—
12].

The timing of contrast agent injection should be
synchronized with the estimated scan duration.
Optimal arterial enhancement should be maintained
for a duration exceeding the estimated scan time.
The flow rate, which represents the volume of fluid
passing through a specific point over a given time,
plays a critical role. When the duration of contrast
agent injection remains constant, an increased flow
rate augments both the delivery rate and the total
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quantity of contrast agent delivered, resulting in a
heightened degree of arterial enhancement [13—18].
Conversely, when the total contrast agent volume is
fixed, a faster injection rate enhances the delivery
rate but shortens the injection duration and the time
required to attain peak enhancement. This article
provides a comprehensive review of the scientific
literature focusing on the factors affecting the
timing, volume of contrast media, and flow rate in
CT examinations
2 Current Factors Affecting Timing, Flow
Rate, Contrast Media Volume in CT
Examinations

This narrative review was conducted to synthesize
existing evidence on the factors influencing contrast
media timing, volume, and flow rate in CT imaging.
A structured search strategy was applied using
electronic databases including PubMed, Scopus,
ScienceDirect, and Google Scholar for studies
published between January 2010 and January 2024.
The following keywords and Boolean operators
were used: (“computed tomography” OR “CT”)
AND (“contrast media” OR “contrast agent”) AND
(“injection rate” OR “bolus timing” OR “flow rate”
OR “scan delay”) AND (“image quality” OR
“vascular enhancement”).

Inclusion criteria: Peer-reviewed articles published
in English; Studies focusing on human subjects
undergoing contrast-enhanced CT examinations;
Papers evaluating the effect of contrast volume,
timing, or flow rate on diagnostic image quality.
Exclusion criteria: Studies unrelated to CT imaging
(e.g., MRI, ultrasound); non-English articles,
editorials, letters, or case reports; and Animal
studies or phantom-only experiments.

A total of 86 articles were initially identified. After
screening titles and abstracts, and removing
duplicates, 54 full-text articles were assessed. Of
these, 39 studies met the inclusion criteria and were
included in the final synthesis. Additional sources
(e.g., guidelines from ESUR and ACR) were
incorporated to support clinical interpretation and
recommendations. This methodology ensures a
comprehensive and focused review of contemporary
literature relevant to contrast delivery optimization
in CT imaging.

2.1  Patient-related factors

The timing, flow rate, and contrast media volume in
CT examinations are influenced by various patient-
related factors. Patient-specific variables such as
body weight, renal function, and overall health
status impact the selection of contrast media volume
and the choice of timing for contrast administration.
Patients with differing body sizes may require
adjustments in contrast volume to ensure optimal
image quality, with larger individuals often needing
higher doses. Renal function is a crucial
consideration, as impaired kidney function can
affect the clearance of contrast agents from the body,
potentially necessitating lower volumes and
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adjusted injection rates to mitigate the risk of
contrast-induced nephropathy. Additionally, the
patient's underlying health conditions and
comorbidities may influence the timing of contrast
administration, especially in cases where there's a
need to balance the diagnostic benefits with
potential risks. These patient-related factors require
careful consideration by healthcare providers to
ensure the safety and effectiveness of CT
examinations [19-23].

Renal function

Renal function plays a pivotal role in determining
the timing, flow rate, and contrast media volume in
CT examinations, primarily due to its influence on
contrast agent clearance and potential risks. For
example, in a patient with normal renal function, a
standard contrast volume and injection rate may be
suitable to achieve the desired vascular
enhancement while minimizing the risk of contrast-
induced nephropathy. However, in the case of a
patient with impaired renal function, such as chronic
kidney disease, adjustments are crucial. Lowering
the contrast media volume and slowing the injection
rate can reduce the risk of nephrotoxicity while still
providing adequate imaging quality. Thus, renal
function assessments and tailored contrast protocols
are essential in ensuring patient safety and
diagnostic accuracy in CT examinations, especially
in those with compromised kidney function [24, 25].
Cardiovascular status

Cardiovascular status significantly influences the
timing, flow rate, and contrast media volume in CT
examinations. For instance, in patients with unstable
cardiovascular conditions, such as severe heart
failure or arrhythmias, careful consideration is
crucial. Timing of contrast administration should be
adjusted to avoid exacerbating hemodynamic
instability, and the flow rate may need to be slowed
to prevent adverse effects on heart function.
Additionally, contrast media volume should be
minimized in these cases to reduce the cardiac
workload. Conversely, in individuals with stable
cardiovascular status, standard protocols may be
applied safely. Hence, tailoring the timing, flow rate,
and contrast media volume to the patient's
cardiovascular health is essential to ensure both
diagnostic accuracy and patient safety in CT
examinations [26].

It is considered one of the most important factors
that affect the flow rate of the CM ¢this appears in
the following two cases: one is a patient suffering
from high blood pressure (hypertension)and the
other is suffering from low blood pressure, In the
first case, the blood flow rate is very high, and
therefore the CM flow rate is high. On the other
hand, in the other patient who suffers from low
blood pressure(hypotension), the blood flow rate is
low, and therefore the CM flow rate is also low.
Vascular access

if a patient has compromised vascular access due
to conditions like peripheral artery disease or
previous surgeries, it may be challenging to achieve

Page: 1112



A Comprehensive Literature Review on Factors Affecting Timing, Contrast Media Volume, and Flow Rate in
Cardiovascular CT Imaging

the required flow rate for optimal contrast
enhancement. In such cases, healthcare providers
might need to employ longer injection durations and
adjust flow rates to ensure that the contrast agent is
administered adequately. Additionally, in cases
where vascular access is limited, a smaller gauge
needle or catheter may be used to administer the
contrast, which can affect the overall flow rate and
timing. Consequently, assessing and adapting to the
patient's vascular access status is essential to ensure
the successful and safe delivery of contrast media in
CT examinations, ultimately influencing the quality
of diagnostic images [5, 27].

It is also considered one of the factors that affect
the flow rate of the contrast media, and this appears
in determining the area to be imaged. The closer the
blood vessels are to the heart, the lower the flow rate
of the colored substance, compared to the area
farther from the heart, the higher it is for example:
A brachial control medium was given a flow rate
greater than the central Venous catheter (CVC). Fig.
1 shows the site of cannulation in CT examination.
Anatomical illustration of preferred venous access
points used in contrast-enhanced CT imaging. The
antecubital vein is the most commonly selected site
due to its proximity, caliber, and ability to
accommodate high flow rates. Distal veins (e.g.,
hand or wrist) may result in suboptimal contrast
delivery due to smaller vessel diameter and longer
travel time to the central circulation.

Fig. 1. Cannulation site in CT examination; A:
superficial temporal vein, B: facial vein, C: Internal
jugular vein, D: Superficial palmar arch, E: Median
cubital, F: femoral vein, G: popliteal vein, H: Small
(short) saphenous vein, I: Dorsalis pedis (dorsal
venous arch).

Age

Age can affect the timing, flow rate, and contrast
media volume in CT examinations. These effects are
mainly due to the physiological changes as a person
age.

Timing: As people age, there are changes in their
cardiovascular system, which can affect the timing
of contrast media administration and image
acquisition in CT scans. For example, the Cardiac
Output tends to decrease with age. This means that
older individuals may have slower blood circulation,
which can affect contrast media distribution. To
compensate for this, a longer time might be needed
for the contrast to reach the desired areas for
imaging [28].
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Vascular Compliance: As people age, the
elasticity of blood vessels may decrease. This can
affect how quickly the contrast material is
distributed throughout the body. Adjustments in the
injection rate or timing may be necessary to achieve
the desired contrast enhancement. Example: An
elderly patient with reduced cardiac output may
require a slower injection rate and a longer delay
between contrast injection and image acquisition to
ensure that the contrast material adequately reaches
the target vessels or organs [29, 30].

For Flow Rate, contrast media can be impacted
by age-related changes in the renal system, which
affects how the body filters and eliminates contrast
material. For example, the Renal Function tends to
decline with age, affecting the clearance of contrast
material. Older patients may require a lower flow
rate to avoid overloading the kidneys and potentially
causing contrast-induced nephropathy. For example,
A 70-year-old patient may need a slower infusion
rate of contrast material during a CT angiography
procedure to minimize the risk of renal
complications, as their kidneys may not filter the
contrast as efficiently as a younger person's.

According to the Contrast Media Volume in CT
examinations can be affected by factors related to a
patient's age, including body composition and
comorbidities. For example, Body Composition, as
people age, changes in body composition such as
increased adipose tissue and reduced muscle mass
can affect the distribution and dilution of contrast
media. More contrast material may be needed to
achieve the desired opacification of blood vessels or
organs. while Comorbidities, Older patients are
more likely to have underlying medical conditions
(e.g., atherosclerosis) that require more contrast
media to visualize adequately. for example, A 60-
year-old patient with a history of heart disease and
increased adiposity may require a higher volume of
contrast media to obtain clear images during a
coronary CT angiography than a younger, healthier
individual [27, 31].

Body weight and composition

The impact of body weight and composition on
the various factors influencing the timing, flow rate,
and contrast media volume in CT examinations
cannot be overstated, as it carries significant
implications for the procedure's precision and
safety. One key aspect where these factors come into
play is the timing of contrast media administration.
This timing is critical to visualize target structures
during the CT scan accurately. For instance, in a
study that compared fixed and lean body weight-
adapted dosing protocols for contrast-enhanced
abdominal CT in oncologic patients, the timing of
contrast media administration was carefully
standardized to specific phases of the scan, such as
the late arterial phase and the portal venous phase
[32].

Another vital factor influenced by body weight
and composition is the flow rate of contrast media.
The flow rate dictates the rate at which the contrast
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agent is intravenously injected into the patient's
bloodstream. In line with the earlier study, the
contrast media was administered at a fixed flow rate
of 3.0 mL/s. However, it's essential to recognize that
this flow rate may need to be adjusted according to
the patient's unique body weight and composition to
ensure the optimal distribution of the contrast agent
and, consequently, the diagnostic quality of the CT
examination. Lastly, body weight and design also
play a pivotal role in determining the appropriate
volume of contrast media for CT examinations. This
volume significantly impacts the quality of the
images obtained and the overall diagnostic accuracy
of the procedure. For instance, in the study
mentioned earlier, patients in the lean body weight
(LBW) protocol group received a contrast media
dose based on 0.7 gI per kg of LBW, thereby
factoring in the patient's body composition and
tailoring the contrast media volume accordingly. In
sum, considering body weight and design in CT
examinations is instrumental in optimizing the
timing, flow rate, and contrast media volume,
ultimately leading to enhanced image quality and
diagnostic precision.

Medical history

CT examination time, flow rate and contrast
media amount depend on medical history. CT scan
scheduling depends on a patient's medical history
and recent treatments. For instance, after surgery or
an invasive operation, a patient must recuperate
before getting a CT scan to avoid difficulties at the
intervention site. However, severe medical disorders
like myocardial infarction (heart attack) or stroke
may need an emergency CT scan to assess damage
and guide therapy.

During a CT scan, contrast media is delivered
into a patient's bloodstream at a flow rate. This
parameter is flexible based on a patient's medical
history. Patients with reduced renal function or a
history of contrast-induced allergic responses may
need a slower flow rate to reduce adverse effects.
Normal kidney function and no contrast responses
may allow a greater flow rate, shortening scanning,
and improving picture quality [33].

A patient's medical history also affects CT
contrast media volume. Chronic renal disease and
congestive heart failure may need a lower contrast
media dosage to avoid kidney strain or fluid
overload. An extensive blood vessel or organ
examination may demand an excellent contrast
medium volume for opacification and diagnostic
accuracy [34, 35].

To demonstrate these ideas, consider a patient
with severe contrast media allergies. Healthcare
providers would make strict efforts to reduce
allergic reactions in this case. They may use a lower
contrast medium volume and premedication with
antihistamines or corticosteroids to prevent allergic
reactions. The contrast media flow rate may be
purposefully slowed to allow for careful injection
monitoring. In case of an inadequate response, the
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radiology team would be well-informed of the
patient's medical history to ensure emergency
equipment and drugs were available. A patient's
medical history determines CT examination time,
flow rate, and contrast media volume for maximum
imaging quality and patient safety [36].

2.2 Clinical Indications

Diagnostic purpose

The diagnostic objective of a CT test might
impact time, flow rate, and contrast media volume.
These parameters may need to be adjusted for
different diagnostic goals to maximize imaging
findings.

For a time, CT intravascular enhancement
depends on contrast media infusion time. Timing
must match the arterial phase of the target region.
CT angiography requires precise contrast media
injection time to see arterial arteries and identify
anomalies. Timing depends on the diagnostic goal
and imaging result [34, 37].

In contrast, the media flow rate is the rate at
which the agent is administered into the patient's
circulation. The contrast agent's blood vessel
distribution and concentration depend on the flow
rate. Different diagnostic applications may need
different flow rates for imaging. A more significant
flow rate may be required for CT angiography to see
arterial arteries with appropriate contrast [38].

For CT contrast media volume: The quantity of
contrast agent given to the patient during the CT
scan. The importance of contrast media affects
image quality and diagnostic accuracy. Correct
contrast media volume varies on diagnostic goal and
patient variables. CT angiography may need
adjusting contrast media volume dependent on
blood vessel size and location.

Targeted anatomical region

The targeted anatomical region's influence on CT
examination time, flow rate, and contrast media
volume varies by area. Distinct anatomical areas
may affect contrast media administration and image
capture time.

To acquire the arterial phase during CT
angiography, image collection must be timed to
identify the contrast agent at its greatest
concentration in the blood arteries. The time varies
by vascular area, such as the thoracic aorta,
pulmonary arteries, or brain vessels. Synchronizing
contrast injection and scan start optimizes vascular
opacification. The contrast media flow rate may
change depending on the examined vascular area.
CT angiography of the lower extremities may need
a greater flow rate to compensate for the more
extended artery distribution and achieve appropriate
opacification. Due to the size and length of the
vascular area of interest, contrast media volume
might vary [39, 40]. To achieve complete
opacification, larger anatomical areas may need
more contrast media

In CT Abdominal and Pelvic Studies: GI tract
contrast transit duration and certain diseases might
affect image acquisition timeframe. Delayed
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imaging may be needed to view the excretory phase
in urography or monitor hepatic lesion washout in
oncology. Contrast media flow rate in abdominal
and pelvic investigations may be modified
depending on renal function and organ or structure
opacification. Patients with poor renal function may
employ a slower flow rate to reduce contrast-
induced nephropathy. Contrast Media
Volume: Abdominal and pelvic CT exams may use
different amounts of contrast media depending on
space and complexity. To achieve acceptable
opacification and diagnostic quality, larger regions
or those with many organs may need more contrast
media [41, 42].

In recording precise contrast enhancement stages
in CT studies of the brain and other neurological
structures, timing is crucial. Perfusion investigations
need precise image capture time to quantify cerebral
blood flow and identify anomalies like ischemia or
tumor  vascularity. The desired vascular
opacification and pathology may determine the
contrast media flow rate in neurological tests. Acute
stroke imaging may employ a greater flow rate to
view the arterial phase. The amount of contrast
media used in neurological CT exams depends on
the area of interest and desired opacification. A
greater volume may be needed to see tiny arteries or
measure brain tumor contrast enhancement [43].

2.3  Contrast media properties
Type of contrast agent

The contrast agent used in CT exams affects time,
flow rate, and contrast media volume. Different
contrast agents influence these parameters
differently.

For Timing: Due to pharmacokinetics, contrast
agent type affects time. Some contrast agents have a
rapid onset and get to peak concentration faster,
while others take longer. CT scans often employ
iodinated contrast agents. High-osmolality, low-
osmolality, and iso-osmolar contrast media exist.
These contrast agents' osmolality and other qualities
affect their timing [35, 44].

By Flow Rate: Due to viscosity, contrast agents
change flow rate. Viscosity measures liquid
thickness or flow resistance. High-viscosity contrast
agents may need a slower flow rate for optimum
dispersion. Different contrast agents may have
different viscosities. Adjustments to injection flow
rate may be required for best imaging findings [45].

Contrast Media Volume: Osmolality and
concentration of contrast agents affect contrast
media volume. Higher concentrations or osmolality
may need a smaller volume to contrast. Iodinated
contrast agents vary in concentration and osmolality.
This may affect CT contrast media volume [46].

Radiologists and technicians must evaluate
contrast agent kind and qualities while setting CT
examination time, flow rate, and contrast media
volume. This maximizes imaging findings while
reducing side effects.

Viscosity and osmolality
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Radiologic Technologists must evaluate how
viscosity and osmolality impact CT time, flow rate,
and contrast media volume. These variables affect
operation safety, effectiveness, and patient comfort.
According to Viscosity, a contrast media's thickness
or flow resistance. High viscosity contrast medium
might alter flow rate and timing in CT exams. To
obtain the appropriate flow rate, a greater viscosity
contrast medium may need a higher injection
pressure. This may slow CT contrast media delivery
into the patient's bloodstream. It also influences
timing, The technique may take longer if the contrast
material is viscous and takes longer to reach the
intended anatomical location. This may impair CT
scan picture capture time. A contrast material with
high viscosity may need a greater injection pressure
and take longer to reach the intended anatomical
location, delaying CT image collection [47, 48].

Also impacting CT contrast media is Osmolality
is a solution's solute concentration. For contrast
media, osmolality may impact safety and
tolerability. Contrast Media Volume: To produce
contrast, higher osmolality contrast fluids may need
more volume. This may affect CT contrast media
volume. For Patient Comfort: A higher osmolality
contrast medium may irritate blood vessels and
tissues, producing pain or unpleasant responses in
certain individuals. To produce the desired contrast
effect, high-osmolality contrast media may need a
greater volume, thereby increasing the total amount
of contrast media supplied during the CT test [49].

New low-osmolality and iso-osmolality contrast
media have reduced the effect of viscosity and
osmolality on CT examination timing, flow rate, and
contrast media volume. New contrast media seek to
increase patient safety and comfort during the
treatment.

Concentration of contrast media

CT scans need precise contrast media injection
timing to see blood arteries and organs. Contrast
media concentration affects injection time. As
iodine attenuation increases with contrast medium
concentration, injection duration may be decreased
to achieve contrast enhancement. However, lesser
contrast media concentrations may need longer
injection times to maximize contrast [50, 51].

According to Flow Injection rate of contrast
media is its pace into the patient's bloodstream.
Contrast media concentration affects flow. Iodine
attenuation and contrast enhancement increase with
contrast medium concentration, which may speed up
the flow. However, lesser contrast media
concentrations may necessitate a slower flow rate to
increase contrast.

Impact on Contrast Media Volume: Higher
contrast media concentrations give stronger iodine
attenuation, allowing for lower injection volumes to
increase  contrast. Low  contrast medium
concentrations may need more injection volume to
increase contrast.

2.4  Radiologic parameters
Catheter type
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The catheter used in CT exams affects time, flow
rate, and contrast media volume. Catheter type
affects picture capture time. Catheters in bigger
veins, like the antecubital fossa, provide contrast
more rapidly, which may affect image capture.
Central catheters are well-tolerated and are
becoming increasingly prevalent. They may have
flow restrictions that alter contrast delivery times.
Catheter type affects contrast flow rate. Catheters in
more extensive veins give contrast more rapidly and
in higher quantities. Some peripheral IV catheters,
particularly those at distant placements, have flow
restrictions and cannot handle high infusion rates.
Additionally, contrast media volume depends on the
catheter utilized. Larger catheters in more prominent
veins may hold more contrast.

Power injector settings

CT scans employ power injectors to slowly
administer contrast material to the patient. To
maximize imaging and diagnosis, power injector
variables, including injection time, flow rate, and
contrast medium amount, must be modified. Power
injector parameters influence contrast media
injection relative to CT scan commencement.
Improper timing might reduce contrast enhancement
or target structure visibility. The contrast media's
flow rate impacts its bloodstream delivery speed.
Power injector settings modify the flow rate for
imaging needs. A greater flow rate may better
opacify target arteries or organs, whereas a lower
flow rate may be beneficial for certain imaging
methods. Power injector settings precisely regulate
contrast media volume. Volume varies depending on
patient weight, imaging technique, and target
structures. Poor vision might come from insufficient
contrast media volume, while excessive amounts
can expose patients to risky responses.

Individual expertise

CT examination time, flow rate, and contrast
media amount depend on an individual's skill.
Experienced RTs know when to provide contrast
during a CT scan. They can precisely examine the
patient and decide the contrast injection time. An
experienced radiologist may recommend a delayed-
phase CT scan for suspected liver abnormalities.
They may schedule contrast delivery to capture
arterial, portal venous, and delayed contrast
enhancement phases for diagnosis and therapy
planning. Expertise Knowledgeable people may
modify contrast media flow according to patient
body habits, vascular access, and examination
needs. They may optimize flow rate to opacify target
arteries or organs. A qualified technician may alter
contrast media flow during a thoracic aorta CT
angiography (CTA) to optimize vascular
opacification. They may adjust the flow rate based
on vascular size, cardiac output, and contrast
enhancement. Individual skill helps determine
contrast media volume. The appropriate contrast
media volume depends on the patient's weight, renal
function, and CT procedure. A skilled radiologist
can determine CT urography contrast media volume
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depending on the patient's weight and renal function.
They may opacify the urinary system without
causing contrast-induced nephropathy. Individual
CT examination competence may affect time, flow
rate, and contrast media amount. These
characteristics may be optimized by experts to
increase picture quality, diagnostic accuracy, and
patient safety.
Scanner type and technology

The scanner type and technology used in CT
exams may affect time, flow rate, and contrast media
volume. Different scanner kinds and technologies
have different characteristics and capabilities that
impact CT exam efficiency and quality. A spiral (or
helical) CT scan rotates the X-ray tube and detectors
around the subject. It speeds scanning and decreases
patient repositioning, shortening exams. In contrast,
volume (axial) CT: The X-ray tube and detectors
move step-by-step, capturing pictures at preset
intervals. Due to repeated image capture pauses and
starts, this scanning method may take longer than
spiral CT. CT scanners with many detector rows
(multi-detector CT) can capture more data in one
revolution, speeding scanning and reducing
examination time. Dual-energy CT scanners may
also capture pictures at multiple energy levels for
better tissue characterization and contrast. However,
this scanning modality may expose more radiation
than single-energy CT. Combining spiral CT with
multi-detector technologies would save examination
time and improve pulmonary vascular assessment.
Thus, CT examination time, flow rate, and contrast
material amount may be optimized.
Scan protocol

The scan protocol specifies the time depending
on the clinical reason and imaging method. In a CT
angiography (CTA) of the pulmonary arteries, the
scan protocol may include a temporal window
following contrast injection to capture the arterial
phase when contrast is most concentrated. The scan
protocol's flow rate depends on the patient's weight,
contrast enhancement, and imaging technology. The
scan protocol for a CT brain perfusion investigation
may stipulate a greater flow rate to facilitate quick
and uniform contrast media distribution in the
cerebral vasculature. The scan procedure calculates
contrast media volume depending on patient weight,
desired contrast enhancement, and imaging method.
In a CT urography, the scan protocol may specify a
greater contrast medium volume to opacify urinary
tract features. Table 1 and Table 2 summarize the
variables affecting on the enhancement CT
examinations.

Table 1: Summary of the variables affecting the
time, flow rate, and contrast volume in CT
examination.

Variables Timin |Flo |Contras
g w t
rate | volume
Increasing Body size |1 l i
and composition
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Renal function problem | | l

Cardiovascular  status | | l

problem

Vascular access away |1 l l

form heart

Age T ! T

Previous Medical | | l l

history

Diagnostic purpose Dependent on purpose

Large Targeted | 1 1 1

anatomical region

Type of contrast agent || 1 1

(ionic CM)

Type of contrast agent |1 i 1

(non-ionic CM)

Increasing Viscosity and | 1 l l

osmolality

Increasing l 1 l

Concentration of

contrast media

Increasing Catheter type | | i 1

Power injector settings | - - -

Individual expertise Dependent on
experience

Scanner | helical l i l

type and

technolog | conventiona | 1 l i

y 1

Scan protocol

Dependent on protocol

Table 2: Factors Affecting Contrast Timing and

Flow in CT Imaging
Factor Effect Clinical
Direction Implication
Patient 1 CM volume, | Heavier patients
Body 1 scan delay require
Weight increased
volume for
optimal vascular
enhancement.
Cardiac 1 or | timing | High output —
Output (variable) faster
enhancement;
low output —
delayed  peak
contrast.
Injection i vascular | Higher rates
Rate enhancement yield denser
opacification;
must  balance
with safety.
Cannula | if too small | Smaller cannula
Size (e.g., 22G) limits flow rate,
(Gauge) potentially
delaying
contrast
delivery.
Injection | enhancement | Proximal sites
Site (e.g., | if distal site ensure faster
CM delivery and
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AC Vs higher HU
hand) values.
Test Bolus | 1 timing | Enables
Usage accuracy personalized
scan delay
calculation;
improves
consistency.
Bolus 1 automation | Reduces human
Tracking and precision variability and
Software ensures  peak
contrast capture.
Saline i contrast | Pushes CM
Flush efficiency through
(Chaser) vasculature
more
effectively,
reducing CM
waste.
Al-Based i Allows real-time
Protocol personalization | adjustment
Adjustment based on
patient-specific
parameters.

3 Methods and Techniques for Assessing
Timing, Contrast Media Volume, and
Flow rate

3.1 Bolus tracking

Bolus monitoring in CT imaging ensures correct
timing, contrast media amount, and flow rate. It
utilizes real-time contrast media monitoring in blood
vessels to establish the best scan start time. These
approaches are used to analyze time and contrast
media volume and flow rate with bolus tracking.
Method of Bolus Tracking Continuous monitoring
of contrast enhancement in a particular area of
interest during contrast media injection is used. The
CT scanner takes pictures every few seconds of a
blood vessel or target organ area of interest. RTs
monitor the contrast enhancement curve in real-time
to determine the required enhancement level. This is
the best time to start the primary CT scan. The
contrast enhancement curve helps the radiologist
evaluate and modify flow rates [52].

Automated Bolus Tracking Software: Modern
CT scanners evaluate the contrast enhancement
curve and identify the best scan time. To precisely
schedule the primary scan, the program employs
algorithms to identify contrast arrival time and peak
enhancement. These software systems also estimate
contrast media amount and flow rate depending on
patient weight and desired enhancement. In
conclusion, the test bolus approach, bolus
monitoring technique, and automated software
enable CT exams to accurately analyze time,
contrast media amount, and flow rate. During
contrast-enhanced CT imaging, these strategies
optimize diagnostic picture quality and patient
safety.

Automated bolus tracking software estimates CT
contrast media amount and flow rate using
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algorithms and mathematical models. The patient's
weight and intended enhancement determine the
contrast media volume estimated by the program.
Before scanning, RTs enter the patient's weight into
the program. The program then calculates the
contrast media volume needed to produce the
specified opacification level in the target location
using established protocols or methods. The contrast
enhancement curve from bolus monitoring is used to
estimate flow rate by the program. As contrast
material flows via blood vessels, the contrast
enhancement curve shows contrast intensity
variations. The program calculates the flow rate
from the curve slope and form. The program also
determines how long the contrast media takes to
peak. This period indicates contrast bolus arrival in
the target location. Software calculates the flow rate
from the injection location to the target area distance
[53].

According to the program, the area under the
contrast enhancement curve reflects the total
contrast media provided to the target location. The
program estimates the flow rate by dividing this area
by the contrast bolus's passage time. Deconvolution
techniques or compartmental modeling are used in
certain applications to assess the contrast
enhancement curve and estimate the flow rate.
These models account for vascular geometry,
contrast distribution, and elimination kinetics to
estimate  flow rate more accurately.The
methodologies and calculations utilized by
automatic bolus tracking software may vary by CT
scanner vendor and software version. Image quality,
patient variables, and imaging methodology may
affect software performance and accuracy. After
analyzing the contrast enhancement curve,
automated bolus tracking software calculates
contrast media volume and flow rate using
algorithms and mathematical models. These
calculations optimize CT contrast material delivery,
improving picture quality and patient safety.

CT contrast administration protocols are usually
followed using automated bolus monitoring
software. Clinical research, professional consensus,
and regulatory agencies inform these guidelines.
These criteria are generally used; however, software
and institutions may vary.l. American College of
Radiology (ACR) Manual on Contrast Media: The
ACR offers comprehensive recommendations for
safe contrast media usage in radiology, including CT
exams. The ACR handbook recommends contrast
media selection, dose, and delivery depending on
clinical circumstances, patient characteristics, and
imaging modalities.2. ESUR recommendations: The
ESUR recommendations include contrast media
usage in urogenital imaging, including CT scans.
They advise on contrast medium selection,
administration, renal impairment, and allergy
issues.3. Society of Radiographers (UK) Guidelines:
The UK Society of Radiographers has released
contrast media management guidelines, including
CT examination suggestions. These
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recommendations include patient evaluation,
consent, contrast selection, administration rates, and
monitoring.4. Individual Institution Policies: Based
on research and local practices, several healthcare
facilities create contrast administration policies.
These protocols may integrate professional society
and regulatory body guidelines and be tailored to the
institution's patient population, resources, and
clinical settings.These criteria are widely used in
automated bolus tracking software algorithms and
decision-making. The program may give default
settings based on these criteria to help radiologists
and techs choose contrast. The program may also
allow patient-specific and clinically-judgmental
modifications [28].

Automated bolus monitoring software may help
follow recommendations, but healthcare
practitioners make contrast administration choices.
They should analyze the software's suggestions,
assess the patient's clinical state and requirements,
and make modifications as needed. Most automated
bolus monitoring software can adjust for patient-
specific characteristics like allergies or renal
impairment. For patient safety and imaging
optimization, contrast delivery must consider these
aspects. The program may ask patients about
allergies or contrast media responses. This alerts the
radiologist or technician to possible dangers and lets
them choose alternate contrast agents or take
safeguards. Based on allergy information, the
program may propose or warn against contrast
administration [54].

As indicated, automated bolus monitoring
software may include patient-specific renal function
data like serum creatinine or estimated glomerular
filtration rate. To reduce contrast-induced
nephropathy, the program adjusts contrast media
amount and flow rate based on renal impairment.
The program may give renal impairment contrast
delivery strategies to guarantee a proper dose.
Predefined procedures or guidelines may account
for common patient-specific characteristics in the
program. Patients with allergies, renal impairment,
or other problems may get special guidance during
these procedures. The program may also be
customized for each patient. Radiologists and
technicians may enter patient information or change
settings to customize contrast dosing. Automated
bolus monitoring software can assist in adapting
scan timing to patient-specific factors. However,
radiologists should continue to apply -clinical
judgment to ensure optimal results.

Healthcare personnel should study the
software's suggestions, assess the patient's clinical
status, and change depending on their requirements
and hazards. Automated bolus monitoring software
optimizes contrast delivery and CT patient safety by
considering patient-specific characteristics,
including allergies and renal impairment [55].

3.2  Testbolus

For contrast-enhanced imaging studies like CT

scans, the test bolus approach determines the best
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time, contrast media amount, and flow rate. A
modest bolus of contrast media is injected before the
imaging investigation to identify ideal contrast
enhancement settings. The radiologist or technician
chooses the ROI and contrast enhancement before
the imaging session. ROI might be anatomical or
pathological [56].

A power injector or manual syringe injects a 10—
20 ml contrast media bolus into a peripheral vein. To
get the right concentration, contrast medium is
diluted with saline. A fast flow rate (4-5 ml/s) is used
to deliver contrast quickly and evenly into the
circulation. The CT scanner takes low-dose or cine-
mode pictures immediately after the test bolus
injection. These photos show contrast media travel
through the ROI, bolus arrival time, peak contrast
enhancement, and contrast washout [57].

The time, contrast media amount, and flow rate
for the imaging investigation are determined by
reviewing the dynamic pictures. The timing is
determined by when the contrast bolus reaches the
ROI with the desired enhancement. The peak
enhancement and washout patterns influence the
contrast media amount and flow rate needed for
diagnostic quality and imaging goals. The RT’s may
change the contrast media amount and flow rate for
the imaging investigation based on test bolus
pictures. These changes seek to boost contrast in the
target anatomical area while reducing artifacts and
enhancing picture quality. The next CT scan's
contrast media injection routine is set with the
altered parameters [58].

The test bolus technique customizes contrast
delivery to patient characteristics and imaging goals.
It optimizes contrast enhancement to maximize
diagnostic information while minimizing hazards
and contrast media consumption. Depending on the
clinical circumstances, patient characteristics, and
institutional procedures, bolus monitoring or fixed
injection protocols may be employed instead of the
test bolus approach for imaging tests. The imaging
study's needs and resources determine the approach.
In contrast-enhanced imaging investigations, the test
bolus approach for timing, contrast media amount,
and flow rate assessment has certain dangers,
although they are usually negligible. Even a little
contrast media bolus may be dangerous. Allergic
reactions, contrast-induced nephropathy (especially
in individuals with renal impairment), and contrast
media extravasation into adjacent tissues are
concerns. The test bolus contains less contrast media
than the imaging study, but patients must be
monitored for adverse reactions and treated
immediately [59].

In the test bolus technique, low-dose or cine-
mode pictures are acquired for dynamic imaging.
These pictures have minimal radiation doses;
however, patients who have undergone several
contrast media imaging procedures should consider
cumulative radiation exposure. The injection
methodology, imaging settings, and picture quality
affect the test bolus method's accuracy and
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dependability. Picture noise, motion artifacts, and
poor picture quality might affect analysis accuracy
and parameter modifications. This may result in
inadequate contrast enhancement during imaging
[60].

Injection and dynamic picture collection take
longer using the test bolus approach. Although the
test bolus technique may slightly delay the imaging
process, its advantages in tailoring contrast delivery
and enhancing diagnostic accuracy generally
outweigh the time cost.

Healthcare providers must consider the risks and
advantages of the test-bolus approach in each
clinical circumstance. They should examine the
patient's features, imaging study urgency, and
alternate methods. To reduce test bolus hazards,
patient  monitoring, contrast administration
protocols, and adverse event management are
necessary. Proper training, institutional norms, and
quality assurance are essential for each medical
treatment to reduce risks and maintain patient safety
[61].

Contrast-induced nephropathy (CIN) is a
deterioration in kidney function after contrast media
delivery. Despite its low prevalence, CIN is
essential, particularly for individuals with renal
impairment or other risk factors. Before contrast
injection, patients' baseline renal function and CIN
risk factors must be assessed. Chronic kidney
disease, diabetes, senior age, congestive heart
failure, dehydration, and nephrotoxic drug usage are
risk factors [62].

Risk stratification identifies people at increased
risk of CIN and allows for optimal therapy.
Hydration is one of the best CIN prevention
methods. Isotonic saline (0.9% sodium chloride) is
usually given intravenously before and after contrast
injections. The target is 150 mL/hour urine
production for many hours before and after the
surgery. Hydration maintains renal blood flow,
dilutes contrast medium, and removes nephrotoxic
chemicals [63].

The contrast medium used may potentially affect
CIN risk. Low- or iso-osmolar contrast compounds
are chosen over high-osmolar ones because they
produce less renal harm. Patient characteristics such
as renal impairment severity, allergies, and
contraindications should be considered while
choosing a contrast medium. Reduce contrast media
loudness wherever feasible. Diagnostic goals should
be met with the lowest effective dosage. As said, the
test-bolus approach or bolus monitoring may
identify this. CIN risk may be reduced by adjusting
contrast media volume depending on renal function,
body weight, and risk factors [64].

Combining contrast media with nephrotoxic
medicines like NSAIDs and antibiotics may enhance
CIN risk. To reduce renal stress, avoid or alter these
drugs before and after the contrast-enhanced
treatment. Renal function should be regularly
monitored after contrast delivery. This entails
measuring serum creatinine, or eGFR, before and
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after the surgery. Monitoring detects major renal
function changes quickly. Dose modification of
renally excreted medicines or nephrologist
consultation may be needed to treat CIN.CIN
treatment should be tailored to the patient's clinical
state and risk profile. To find the best patient care
techniques, radiologists, referring doctors, and
nephrologists must work together. CIN prevention
and treatment are under study and developing
clinical practice. Healthcare practitioners should
stay current on institution- and specialty-specific
standards [65].

4 Future Directions and Research Needs

4.1 Emerging trends in CT technology

One of the key emerging trends in CT technology is
the continuous improvement in spatial and temporal
resolution. Higher spatial resolution allows for
better visualization of small anatomical structures,
while improved temporal resolution enables the
assessment of dynamic processes. These
advancements can impact the timing of contrast
administration, as the precise timing of the contrast
bolus arrival and enhancement can be more
accurately determined [66].

Dual-Energy CT: Dual-energy CT (DECT) is a
technology that uses two different X-ray energy
levels to acquire images. DECT provides additional
information about tissue composition and can help
differentiate between various materials, such as
iodine-based contrast media and calcifications. This
can potentially impact the timing and volume of
contrast media administration, as DECT enables
better characterization of contrast enhancement
patterns and tissue perfusion [67].

Iterative Reconstruction Techniques: Iterative
reconstruction techniques are being increasingly
used in CT imaging to reduce image noise and
improve image quality. These techniques allow for
lower radiation dose imaging without significant
loss of diagnostic information. With improved
image quality, the timing and flow rate of contrast
media administration can be optimized, as better
image quality leads to more accurate assessment of
contrast enhancement patterns [68].

4.2  Personalized Medicine in Radiology
Personalized medicine aims to tailor medical
decisions and interventions according to individual
patient characteristics. In radiology, personalized
medicine can involves consideration of patient-
specific factors, such as age, body weight, renal
function, and comorbidities, when determining the
timing, contrast media volume, and flow rate for CT
examinations. This approach recognizes that
optimal contrast administration parameters may
vary among different patients based on their unique
characteristics and can help minimize the risk of
adverse events [69].

Personalized medicine in radiology also involves the
development and utilization of predictive models
and decision support tools. These tools can help
predict an individual patient's response to contrast
media, estimate the risk of contrast-induced
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nephropathy, and guide the selection of appropriate
contrast administration parameters. By
incorporating patient-specific data and algorithms,
these tools can assist radiologists in optimizing
timing, contrast media volume, and flow rate for CT
examinations [70, 71].

4.3  Prospects for Al and machine learning
applications:

Machine learning (ML) and artificial intelligence
(AI) are becoming increasingly incorporated into
CT imaging procedures and represent a chance to
refine the quality and accuracy of contrast media
delivery, minimize operator variability, and improve
diagnostic consistency. The recent progress enabled
the creation of commercially available Al-based
tools that help optimize the timing and standardize
the protocols. An example is the AI-Rad Companion
by Siemens Healthineers, which is an automated
application based on deep learning algorithms that
perform the post-processing of the images, and
contrast assessment in thoracic CT exams. Likewise,
an FDA-cleared Al platform, Aidoc, allows the real-
time triage and alerting of such conditions such as
pulmonary embolism, resulting in more efficient
interpretation of the CT-PA studies and workflow
with better efficiency [72].

Al can also be utilized for real-time decision support
during CT examinations. By continuously analyzing
dynamic imaging data, Al algorithms can provide
real-time feedback to radiologists and technologists,
assisting them in adjusting contrast administration
parameters based on the observed contrast
enhancement patterns. This can help optimize
contrast timing and administration during the
procedure itself, ensuring the best possible
diagnostic image quality [73].

The convolutional neural networks (CNNs) and
reinforcement learning architectures have been used
in the research context to predict the most suitable
contrast phase in relation to the features the patient-
specific factors, including age, cardiac output, and
injection rate. Certain research has indicated that
ML models could outperform the conventional
bolus tracking in forecasting peak vascular
enhancement, especially among highly risky or
complicated patients. These technologies have
potential of being applied in the clinical setting in
the future, particularly in resource scarce settings
where manual correction of protocols might not be
disciplined. Nevertheless, additional, prospective
clinical validation studies, involving a wide
selection of patients and scanners, are also required
to further prove the clinical effectiveness and
consistency of Al-aided contrast administration
systems in real-life conditions.

Al techniques can aid in developing predictive
models and risk stratification tools for CIN. By
leveraging large-scale data, Al algorithms can
identify relevant risk factors and patterns associated
with CIN development. These models can assist in
estimating an individual patient's risk of CIN and
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guide the selection of appropriate contrast
administration parameters, including timing,
volume, and flow rate, to minimize the risk [74].
Further research is needed to validate and refine Al
and ML applications in optimizing timing, contrast
media volume, and flow rate in CT examinations.
Large-scale multicenter studies, prospective trials,
and close collaboration between radiologists, data
scientists, and medical imaging industry partners are
essential to harness the full potential of Al and
machine learning in this field.

5 Conclusion

In conclusion, a comprehensive understanding of
the factors influencing scan timing, contrast media
volume, and flow rate in CT examinations is crucial
for radiologists, radiologic technologists, and
healthcare providers involved in contrast-enhanced
imaging. By considering these factors and
implementing personalized approaches, healthcare
professionals can optimize contrast administration
parameters, improve diagnostic accuracy, and
ensure patient safety in CT examinations. Future
research and advancements in technology, along
with the integration of Al-driven solutions, hold
great promise for further enhancing the optimization
of contrast administration in CT imaging.

It has been noted in this review that contrast
delivery is a multifactorial process in CT imaging
and all factors need to be balanced to maximize the
diagnostic  outcome, including the patient
physiology, properties of the contrast media, and
injection parameters. The principal factors effecting
image quality and/or vascular enhancement are
timing, flow rate and contrast volume, especially in
angularly resolved, high resolution applications like
angiography. It is recommended that clinicians
should apply weight-based contrast doses regimens,
select appropriate cannulas and injection points, and
implement the application of the Al-based bolus
tracking systems to improve the accuracy of timing
and decrease variability. Making these practices
uniform among different institutions can enhance
consistency and possibility of quality diagnostics.
Further innovation and clinical validation is
necessary to streamline and individualize contrast
administration protocols in CT imaging, both safe
and efficacious to the various types of patients.
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