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Reduction of Iodinated Contrast Medium Dose in Computed 
Tomography Pulmonary Angiography and its Impact on 
Image Quality: A Narrative Review
Kleanthis Konstantinidis, MSc* iD

Narrative review

Abstract
Objectives: This narrative literature review provides 
an overview of the different strategies that have been 
successfully used to reduce the dose of intravenous 
contrast media (ICM) while maintaining image quality of 
pulmonary arteries in computed tomography pulmonary 
angiography (CTPA). These strategies include optimizing 
the ICM dose, utilizing modern CT scanners capabilities, 
customizing patient-specific protocols, and using advanced 
image reconstruction techniques.

Materials and methods: Thirteen relevant studies 
published up to February 2024 were identified across 
PubMed and Scopus databases using a comprehensive 
search strategy that employed the search terms “CTPA,” 
“contrast,” “reduction,” and “minimization.” An additional 
manual search on the Research Gate platform identified 
eight more studies, which were included in the qualitative 
synthesis. The inclusion criteria focused on studies that 
compared image quality between CTPA protocols with 
reduced ICM dose and standard ICM dose CTPA, or CTPA 
protocols with different ICM doses.

Conclusions: The review revealed several strategies, 
including the optimization of ICM dose, leveraging the 
capabilities of modern computed tomography scanners, 
patient-specific protocol customization and advanced image 
reconstruction techniques, which have been successfully 
implemented to reduce ICM dose while maintaining image 
quality of pulmonary arteries in CTPA. In addition, scanning 
with low kVp has allowed reduction in both the required ICM 
dose and the radiation dose to the patient. Conclusively, 
reducing the dose of administered ICM in CTPA is feasible, 
with several techniques and protocols demonstrating 
efficacy in clinical settings.
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Introduction
In recent years, advancements in medical imaging 

technology have revolutionized the field of diagnostics. 
Computed Tomography Pulmonary Angiography 
(CTPA) is a widely accepted diagnostic standard [1] 
for identifying and evaluating blood clots within the 
pulmonary arteries (PA) and has a higher sensitivity and 
specificity than the D-dimer test alone [2]. However, 
the use of iodinated contrast media (ICM) in contrast-
enhanced imaging procedures requires caution to 
ensure patient safety and diagnostic accuracy. As the 
global healthcare community increasingly embraces a 
commitment to patient safety, there is a growing need to 
explore and implement practices, that promote patient 
safety within diagnostic imaging [3,4]. By optimizing scan 
parameters, refining imaging techniques and leveraging 
the technological advancements of modern CT scanners, 
radiological departments can significantly reduce the 
dose of ICM administered without compromising image 
quality in CTPA studies.

While ICM administration is necessary to obtain 
contrast-enhanced images of the PA, its use is not 
without potential risks and complications for the patient. 
Conditions such as food, drug and contrast-induced 
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is reflective of its diagnostic efficacy and its pivotal role 
in improving patient outcomes through timely and 
appropriate management of PE, with the contribution 
of radiographers to CTPA protocols optimization and 
manipulation of CT parameters to be considered 
significant, in order to obtain high quality images [17].

Factors Affecting the Dose of Iodinated 
Contrast Medium in CTPA

Patient characteristics
The age and clinical condition of the patient, as well 

as coexisting medical conditions, such as cardiovascular 
diseases, diabetes, and chronic kidney disease, can 
affect vascular anatomy, cardiac output, breathing, 
mobility and cooperation, making CTPA a challenging 
procedure in some cases. Some patients may have 
mobility issues, cognitive impairments, or encounter 
difficulties that need to be addressed, to ensure a 
successful and comfortable imaging experience [18]. 
In addition, the radiology team must be aware of the 
patient’s hemodynamics, to ensure sufficient imaging of 
the PA. Changes in heart rate and blood circulation may 
vary with age, impacting the administration of ICM and 
timing considerations of image acquisition and contrast 
enhancement in CTPA for different age groups [19].

The body mass and weight of the patient are key 
factors in CTPA, influencing ICM dose, image quality, 
radiation dose and diagnostic accuracy. Larger individuals 
may require higher ICM doses and radiation exposure to 
achieve optimal PA enhancement [20]. Additionally, the 
injection rate may be adjusted based on the patient’s 
body mass to ensure adequate contrast delivery [21]. 
Patients with increased body mass may require an 
increase in tube current and voltage, to optimize image 
quality and maintain diagnostic accuracy. Obesity can 
pose an increased burden on the diagnostic accuracy 
of CTPA, affecting the visualization of the PA [22]. The 
radiology team may need to employ specific imaging 
techniques or reconstruction algorithms to overcome 
these challenges in patients with an increased body 
mass.

CTPA protocols
Adopting a low ICM dose protocol contributes to 

mitigate the risk of adverse reactions and CIN [23]. 
These protocols involve lower dose or concentration 
of contrast agents compared to routine CTPA protocols 
while maintaining diagnostic image quality. Tailoring 
ICM doses based on patient-specific factors, including 
weight and clinical history, is part of individualized 
imaging protocols. CTPA protocols with individualized 
injection parameters of ICM may be feasible, providing 
sufficient image quality with a substantial radiation dose 
reduction [24]. In addition, weight-based ICM dosing 
may ensure that each patient receives adequate ICM for 
optimal imaging [20].

allergies, hyperthyroidism, diabetes, chronic kidney 
disease and multiple myeloma should be documented 
and considered before the ICM administration, to avoid 
allergic reactions [5], contrast-induced nephropathy 
(CIN) [6], anaphylaxis [7], thyrotoxicosis [8] and cardiac 
arrhythmia [9], which can be even fatal for the patient. 
Additionally, ICM can impose an increased burden or 
even cause post-contrast acute kidney injury in patients 
with compromised renal function [10]. The literature 
demonstrates an interest in optimizing the dose of 
intravenous ICM used in CTPA, aiming to achieve a 
balance between image quality and patient safety. 
Moreover, by analyzing the current research landscape, 
this review aims to highlight the efficacy of low ICM 
dose imaging techniques in CTPA with respect to image 
quality and summarize their outcomes.

Pulmonary embolism (PE) occurs when a blood clot 
in a deep vein in lower extremities or pelvis is detached 
and travels through the blood circulation to the lungs, 
blocking the blood supply from the heart to the lungs. 
It is a common and serious medical condition with 
potentially fatal consequences for the patient. PE can 
present with a variety of symptoms, including shortness 
of breath, chest pain, rapid heart rate and cough [11]. 
However, the clinical presentation can be nonspecific, 
making the diagnosis challenging [12]. CTPA has become 
the standard imaging modality for diagnosing PE due 
to its high sensitivity and specificity [2]. It offers several 
advantages, including its non-invasive nature, rapid 
imaging acquisition, and high diagnostic accuracy. CTPA 
allows for the prompt identification and localization of 
pulmonary emboli from radiologists, guiding clinicians in 
making timely and informed decision-making [13]. Clinical 
guidelines recommend CTPA as the first-line imaging 
test for suspected PE, particularly in cases where the 
clinical probability is moderate or high, making the use 
of CTPA integral to the diagnostic algorithm for PE [14]. 
During CTPA, an ICM bolus is injected into the patient’s 
peripheral vein or through a central venous access 
using a power injector. The injected ICM enhances the 
opacification of the main and peripheral PA, while the CT 
scanner acquires transversal images of the chest, which 
can be submitted in multiplanar and three-dimensional 
reconstructions for the detailed imaging of the PA [15]. 
Appropriate injection rate and technique, scan delay 
and scan timing are crucial parameters, which allow the 
radiology team to synchronize the scan with the peak of 
the contrast-enhancement in PA and achieve optimal 
CTPA studies [16].

Beyond diagnosis, CTPA plays a crucial role in risk 
stratification and treatment planning. It facilitates 
determine the extent of PE, guiding decisions on 
anticoagulant therapy and, in severe cases, interventions 
such as thrombolysis or embolectomy [14]. CTPA has 
revolutionized the diagnosis of PE, providing radiologists 
and clinicians with a powerful and efficient tool for 
accurate visualization of the PA. Its widespread adoption 
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“Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses” (PRISMA) guidelines [38]. PubMed 
and Scopus databases were searched in February 2024 
without any time restriction for comparative studies and 
clinical trials that measured image quality of reduced 
ICM dose CTPA protocols, using the terms: “CTPA” 
combined with the term “contrast” and either with the 
term “reduction” or “minimization”. Any duplicates 
from the two searches were merged. On an additional 
manual search on the Research Gate platform, eight 
more studies were identified and included in the 
qualitative synthesis. As part of the screening process; 
any records that were not relevant to the subject of this 
review were removed.

Eligibility criteria
Full-text articles were considered for eligibility if they 

met the following inclusion criteria (Table 1).

Full-text articles not meeting those criteria were 
excluded. The procedure of study selection is depicted 
in the flow diagram in Figure 1 and the data of the 
twenty-one studies that fulfilled the study criteria are 
summarized in Table 2.

Results
This review includes 21 studies, both prospective 

and retrospective, that were published between 2010 
and 2023. These studies involved 3000 adult patients 
suspected of having PE who underwent CTPA. Most 
studies used both qualitative and quantitative image 
evaluation to compare the image quality of different 
CTPA protocols with different ICM doses. However, in 
three studies, only qualitative or quantitative image 
evaluation was used. Most studies evaluated both 
subjective and objective image quality. The subjective 
evaluation relies on the interpretation of images by 
radiologists or trained observers, focusing on the 
opacification of PA, image noise levels and artifacts, 
which directly influence diagnostic confidence in CTPA. 
The observers used rating scales to rate the vasculature 
opacification across the included studies. The rating 
scales varied from 3 to 5-point, where the first number 
denotes excellent image quality and the last number 
denotes non-diagnostic image quality. On the other 
hand, objective evaluation employs quantitative 
metrics to measure image characteristics such as CNR 
and SNR, providing a standardized means to compare 
imaging protocols. While objective measures offer 
reproducibility and can guide protocol optimization, they 
may not fully capture the diagnostic utility perceived by 
human observers. Thus, a comprehensive assessment of 
CT image quality necessitates a balanced integration of 
both subjective and objective evaluations, ensuring that 
imaging techniques not only meet technical standards 
but also effectively support clinical decision-making. All 
studies presented in Table 2 demonstrate feasible CTPA 
protocols with reduced ICM doses.

Technological advancements in computed 
tomography

Several technological advancements have 
revolutionized Computed Tomography (CT), offering 
radiologists and radiographers new capabilities to 
perform faster CT scans and minimize radiation and ICM 
exposure to the patient. Multi-detector (MDCT) and 
dual-source CT (DSCT) scanners have made significant 
contributions to the reduction of ICM volume in CTPA. 
Allowing faster scanning, improved spatial and temporal 
resolution, dual-energy (DE) scanning options, advanced 
reconstruction algorithms and monochromatic imaging 
options, these CT scanners have assisted radiologists, 
radiographers and researchers in reducing both 
radiation exposure and ICM volume, without any 
compromise in image quality compared to routine 
CTPA protocols [25-28]. Studies have recorded that 
a low tube voltage (kVp) CTPA protocol on a MDCT 
scanner may allow simultaneous reduction of radiation 
exposure and ICM volume while maintaining image 
quality [29]. On the other hand, studies investigating 
the efficacy of CTPA protocols employing either low 
iodine concentration agents or low ICM volume on 
DSCT scanners have concluded that these scanners 
may produce high-quality CTPA images alongside a 
significant reduction in iodine load for the patient [30-
32]. Several studies have also investigated high-pitch 
CTPA protocols. High-pitch scanning offers several 
benefits during scanning, including reduced scan times 
and decreased radiation dose compared to standard 
scanning methods. These capabilities are particularly 
valuable when fast image acquisition and motion artifact 
reduction are essential, such as in CTPA [33-36]. Novel 
technological advancements in CT hardware, such as 
photon-counting detectors are promising, allowing for 
significant reduction of ICM and radiation dose in the 
diagnosis of PE, while maintaining good to excellent 
image quality [34,37].

Advanced reconstruction algorithms play a pivotal 
role in maintaining image quality while reducing 
ICM volume. Iterative reconstruction techniques, in 
particular, enable image noise reduction and enhance 
image spatial resolution, compensating for lower 
exposure parameters and contrast densities [28]. Dual-
energy (DE) monochromatic image reconstruction can 
improve the overall signal-to-noise ratio (SNR), allowing 
high diagnostic quality even with lower ICM volume 
or iodine concentration [30]. These advances can 
compensate for low iodine concentration and reduced 
volume of ICM, ensuring that image quality in CTPA 
remains uncompromised.

Methods

Search strategy, identification and selection of 
studies

This review was conducted according to the 
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Figure 1: PRISMA flow diagram of study identification and selection.

Table 1: Inclusion and exclusion criteria for study selection.

Inclusion criteria Exclusion criteria Rationale
All publications to date n/a To include all relevant studies

Full-text articles in English language Articles not written in English language Difficulty in comprehension

Prospective, retrospective studies and 
clinical trials

Case reports, reviews, meta-analyses To include studies with original results 
only

Patients suspected of PE undergoing 
CTPA

Patients with other than PE pulmonary 
conditions

To assess image quality of PA

Studies comparing image quality of a 
CTPA protocol with reduced ICM dose 
to a standard CTPA protocol, employing 
either qualitative or quantitative image 
evaluation, or both

Non comparative studies, phantom 
studies, studies not assessing image 
quality for different ICM doses

This review aims to summarize the 
findings of comparative studies on CTPA 
image quality

Studies comparing image quality 
between CTPA protocols with various 
reduced ICM doses, employing either 
qualitative or quantitative image 
evaluation, or both

Non comparative studies, phantom 
studies, studies not assessing image 
quality for different ICM doses

This review aims to summarize the 
findings of comparative studies on CTPA 
image quality

were investigating other parameters or aspects of CTPA 
protocols or contrast agents, such as injection rate 
and iodine concentration [31,40-47]. One study was a 
phantom study [48]. One study examined the diagnostic 
accuracy of a CTPA protocol with low radiation and ICM 

In total, fifteen full text articles were excluded from 
the qualitative synthesis. Three studies assessed the 
efficacy of a CTPA protocol utilizing a low ICM dose, 
however, none of them conducted a comparative 
analysis with a standard protocol [28,35,39]. Nine studies 
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Table 2: Summary of the characteristics of studies included in the review (published 2010-2023).

Author, 
year

Study design Patients

(n)

Intervention

(test group)

Comparator

(control group)

Qualitative image 
evaluation

Quantitative image 
evaluation

Schönfeld, 
et al. (2023) 
[33] 

Retrospective 
study

n = 81 High-pitch 
CTPA, 20 ml 
ICM (n = 41)

Standard CTPA, 
50 ml ICM (n = 
40)

Good to excellent 
subjective image 
quality in over 90% 
of all exams with no 
significant difference 
between the groups.

Significantly lower 
mean contrast 
opacification, noise 
values and CNR in all 
segmented PA in test 
group compared to 
control group but within 
acceptable diagnostic 
limits.

Saeed, et 
al. (2023) 
[34] 

Retrospective 
study

n = 105 High-pitch PCD-
CTPA, 35 ml (n 
= 29), 45 ml (n = 
62), 60 ml (n = 
14) ICM

Comparison of 
image quality 
between the 3 
groups

Ratings: 4.6/5 (group 
1), 4.5/5 (group 2), 
4.1/5 (group 3). 
Significant difference 
between groups 1 and 
3and between groups 
2 and 3.

No significant 
difference in CNR, 
mean attenuation (HU), 
mean density (HU) 
in all evaluated PA 
locations in all groups.

Pannen-
becker,et al. 
(2023) [37] 

Retrospective 
study

n = 64 PCD-CTPA, 25 
ml ICM (n = 32)

DE-CTPA, 50 ml 
ICM (n = 32)

Superior subjective 
image quality for 
60-keV PCD scans 
(excellent or good 
ratings in 93.8% of 
PCD vs. 84.4% of 
60 keV DE scans).

Significantly higher 
objective image quality 
parameters in the 
control group, both 
in the polychromatic 
reconstructions and at 
60 keV.

Çeltikçi, et 
al. (2022) 
[49] 

Retrospective 
study

n = 91 DE-CTPA, 40 ml 
ICM (n = 42)

Standard CTPA, 
60ml ICM (n = 
49)

No significant 
difference between the 
test and control group 
in a five-point scale 
scores for PA CE and 
image noise.

No significant 
difference between 
the test and control 
group in attenuation 
values (HU) in five 
PA locations, mean 
attenuation value (HU), 
mean background 
noise, SNR and CNR.

Wu, et al. 
(2020) [50] 

Prospective 
observational 
study

n = 70 Biphasic time-
enhancement 
curves 
approach, 80 
kVp, 10 ml ICM 
(n = 35)

Test-bolus 
approach, 100 
kVp, 20 ml ICM 
(n = 35)

Better PA image 
quality in the test 
group compared to 
the control group, with 
artifact reduction in the 
superior vena cava and 
subclavian vein.

Lower CT values, 
SNR and CNR of the 
evaluated PA and 
PV in the test group 
compared to the 
control group.

Silva, et al. 
(2020) [51] 

Retrospective 
study

n = 176 CTPA with 20 ml 
ICM (n = 102)

CTPA with 40 ml 
ICM (n = 74)

Significant lower semi-
qualitative scores for 
central and peripheral 
PACE for the test 
group. Comparable 
semi-qualitative image 
noise between the two 
groups.

Lower mean CE 
for the test group, 
though higher than the 
diagnostic threshold 
of 250 HU in both 
groups. Lower SNR 
and CNR for the test 
group compared to the 
control group. 

Kamr, et al. 
(2020) [52] 

Prospective 
study

n = 600 Test-bolus CTPA 
technique, 50 ml 
ICM (n = 300)

Bolus-tracking 
CTPA technique, 
80-100 ml ICM (n 
= 300)

35% average 
diagnostic quality score 
increase from 1.75 in 
control group to 2.8 in 
test group.

Main PA average 
density increase from 
260.5 HU in control 
group to 320 HU in 
test group. Ascending 
aorta average density 
decrease from 250 HU 
in control group to 130 
HU in test group B.

https://doi.org/10.23937/2572-3235.1510121
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Author, 
year

Study design Patients

(n)

Intervention

(test group)

Comparator

(control group)

Qualitative image 
evaluation

Quantitative image 
evaluation

Meyer, et al. 
(2018) [53] 

Prospective 
study

n = 150 Optimized DE-
CTPA, 45 ml 
mixture of ICM 
and saline [5.4 
gr iodine load] (n 
= 50)

Standard CTPA 
or standard DE-
CTPA, 80 ml 
ICM [32 gr iodine 
load] (n = 100)

No significant 
difference in the 
median image quality 
or the median image 
noise for:- Both the 40 
keV and 50 keV VMS 
data set between both 
DE-CTPA protocol 
VMS datasets for the 
main and peripheral 
PA.

-both DE-CTPA 40 
keV and 50 keV 
protocols compared 
to the standard CTPA 
protocol.

Highest CNR of main 
PA at 50 keV and 
peripheral PA at 40 
keV for both standard 
and optimized DE-
CTPA. Significantly 
higher CNR values 
for the standard DE-
CTPA.

Suntharalin-
gam, et al. 
(2017) [54] 

Retrospective 
study

n = 100 80 kVp CTPA, 
25 ml ICM on a 
dual-source CT 
(n = 50)

100 kVp CTPA, 
60 ml ICM on a 
dual-source CT 
(n = 50)

No significant 
difference in subjective 
image quality scores 
of PA between the two 
groups.

Objective image 
analysis revealed 
that signal intensities 
(SI), SNR and CNR of 
the PA were equal or 
significantly higher in 
the control group.

Chen, et al. 
(2017) [55] 

Retrospective 
observational 
study

n = 127 60 ml ICM (n = 
70)

75 ml ICM (n = 
57)

n/a No significant 
difference of mean 
opacification values 
(HU) in the main, right 
and left PA between 
the test and control 
group for the optimally 
opacified scans.

Hendriks, et 
al. (2016) 
[56] 

Prospective 
study

n = 100 High-pitch 
CTPA, individual 
body-weight 
adjusted ICM 
dose [42~76 ml] 
(n = 50)

High-pitch CTPA, 
90 ml ICM [75 ml 
bolus and 15 ml 
mixed phase] (n 
= 50)

Diagnostic image 
quality for all scans in 
both groups. All scans 
were graded as “good” 
or “excellent” at each 
anatomic level, except 
one.

No significant 
difference in 
attenuation values 
between the control 
and test group. No 
non-diagnostic scans 
with a minimum mean 
PA attenuation of 184 
HU and 270 HU for the 
control and the test 
group respectively. 
Acceptable CNR for 
both groups, but better 
for the test group.

Boos, et al. 
(2016) [57] 

Retrospective 
study

n = 70 Low-pitch dual-
source CTPA at 
70 kVp, SimDS, 
40 ml ICM (n = 
35)

High-pitch dual-
source CTPA at 
100~120 kVp, 
ATPS,70 ml ICM 
(n = 35)

Diagnostic image 
quality for all 
examinations. No 
significant difference 
in subjective image 
quality between the 
control and test group.

Statistically significant 
difference between 
the two groups for the 
attenuation (HU) in 
the PT and LLSA. No 
statistically significant 
difference between the 
two groups for the SNR 
and CNR in the PT and 
LLSA.

Li, et al. 
(2015) [58] 

Prospective 
study

n = 80 High-pitch dual-
source CTPA at 
70 kVp, SAFIRE 
reconstruction, 
40 ml ICM (n = 
40)

Low-pitch dual-
source CTPA at 
100 kVp, FBP 
reconstruction, 
60 ml ICM (n = 
40)

No significant 
difference in subjective 
image quality between 
the two groups. No 
difference in diagnostic 
accuracy between the 
two groups.

Higher CT values, SNR 
and CNR of PA in test 
group compared to 
control group.
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Author, 
year

Study design Patients

(n)

Intervention

(test group)

Comparator

(control group)

Qualitative image 
evaluation

Quantitative image 
evaluation

Wang, et al. 
(2015) [59]

Prospective 
study

n = 60 Bolus triggering 
locator in the 
right atrium, 
spontaneous 
respiration, 40 
ml ICM (n = 30)

Bolus triggering 
locator in the 
pulmonary trunk, 
suspended 
respiration, 70 ml 
ICM (n = 30)

Higher subjective 
image quality in the 
test group than the 
control group.

Significantly higher 
average CT values of 
main PA, RULA and 
RLPA and significantly 
lower CT values of 
AA, RUPV and RLPV 
in the test group than 
the control group. 
Significantly higher 
density between artery 
and vein pairs in the 
test group than the 
control group.

Szucs-
Farkas, et 
al. (2014) 
[25] 

Prospective 
randomized 
study

n = 501 80 kVp CTPA, 
75 ml ICM (n = 
246)

100 kVp CTPA, 
100 ml ICM (n = 
255)

No difference in 
subjective image 
quality and diagnostic 
confidence in both 
groups and all BW 
subgroups.

Decreased attenuation 
in the PT with 
increased BW in both 
groups. No differences 
in the PT attenuation 
between the two 
groups within each 
BW subgroup. Higher 
image noise in the 
test group in all BW 
subgroups. Higher 
CNR in the control 
group compared to the 
test group in all BW 
subgroups except for 
the 90-99 kg subgroup.

Lu, et al. 
(2014) [36] 

Prospective 
study

n = 100 High-pitch 
CTPA at 80 
kVp, SAFIRE 
reconstruction, 
20 ml ICM (n = 
50)

Low-pitch CTPA 
at 100 kVp, FBP 
reconstruction, 
60 ml ICM (n = 
50)

No significant 
difference in subjective 
image quality scores 
between two groups.

Higher mean CT 
numbers of PA in the 
test group compared to 
control group. Higher 
CNR and SNR of test 
group than those of 
control group.

Goble and 
Abdulkarim 
(2014) [60] 

Retrospective 
study

n = 139 75 ml of 350 mg 
iodine/ml [26.25 
gr iodine] ICM (n 
= 70)

100 ml of 300 mg 
iodine/ml [29.5 
gr iodine] ICM (n 
= 69)

n/a No significant 
difference in mean 
opacification of the 
main PA between 
the two groups. 
Significantly higher 
opacification in the 
right and left PA for 
the test group. No 
significant difference 
in the number of 
suboptimal opacified 
studies (opacification 
of less than 250 HU in 
main PA) between the 
groups.

Yuan, et al. 
(2012) [30]

Prospective 
study

n = 94 DE-CTPA, 
mixture of ICM 
and saline in 1:1 
fashion resulting 
in 50% ICM 
dose and iodine 
load reduction 
and image 
reconstruction at 
50 keV (n = 46)

Standard CTPA, 
undiluted ICM 
dose and 100 
or 120 kVp tube 
voltage (n = 48)

Higher five-point score 
for standard CTPA 
image quality. Higher 
signal intensity in all 
PA, inferior noise only 
in segmental arteries, 
higher SNR and CNR 
for DE-CTPA.

n/a
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Author, 
year

Study design Patients

(n)

Intervention

(test group)

Comparator

(control group)

Qualitative image 
evaluation

Quantitative image 
evaluation

Sodickson 
and Weiss 
(2012) [29] 

Retrospective 
study

n = 152 100 kVp, 50 ml 
ICM (n = 53)

120 kVp, 75 ml 
ICM (n = 99)

n/a Significant increase in 
main PA attenuation 
values by 96 HU and 
image noise for the 
test group compared 
to the control group. 
Comparable SNR for 
both groups.

Godoy, et 
al. (2011) 
[61] 

Retrospective 
study

n = 50 Reduced 
contrast [RC] 
DE-CTPA [80-
140 kVp], 50 ml 
ICM (n = 10)

DE-CTPA [80-
140 kVp] CTPA 
(n = 20) and 
routine thoracic 
[RT] CT [80-140 
kVp] (n = 20), 
100~150 ml ICM 

Significantly better 
central and peripheral 
vascular enhancement, 
image noise and global 
image quality scores 
in the 80 kVp images 
than 140 kVp images 
across all patient 
groups.

No significant 
difference in the SNRs 
in both 80 kVp and 140 
kVp between either 
the CTPA and the RT 
group or the CTPA and 
the RC group.

Ramadan, 
et al. (2010) 
[62] 

Prospective 
study

n = 90 60 ml (Protocol 
1, n = 30), 55 
ml (Protocol 2, 
n = 30), 50 ml 
(Protocol 3, n = 
30) ICM

Comparison of 
image quality 
between the 3 
protocols

All examinations 
evaluated as 
diagnostic in the 
subjective global image 
quality evaluation. 
Image quality 
was evaluated as 
diagnostic in 21 (23%) 
patients and excellent 
in 69 (77%) subjects. 
Subjective image 
quality was better in 
protocols 2 and 3 than 
in protocol 1.

Mean attenuation 
values for PA over 250 
HU for all protocols. 
No difference between 
the attenuation levels 
between the three 
protocols. 90-100% 
success for protocols 
2 and 3 where PA 
exceeds optimal 
attenuation (≥ 250 HU).

AA: Ascending Aorta; BW: Body Weight; CE: Contrast Enhancement, Contrast-Enhanced; CNR: Contrast-to-Noise Ratio; DE: 
Dual-Energy; HU: Hounsfield Units; LLSA: Lower Lobe Segmental Artery; MPA: Main Pulmonary Artery; PA: Pulmonary Arteries; 
PCD: Photon-Counting Detector; PT: Pulmonary Trunk; PV: Pulmonary Veins; SNR: Signal-to-Noise Ratio; RULA: Right Upper 
Lobe Artery; RLPA: Right Lower Lobe Posterior Basal Segmental Artery; RUPV: Right Upper Pulmonary Vein; RLPV: Right Lower 
Pulmonary Vein; VMS : Virtual Monoenergetic Spectral

dose reduction compared to a standard CTPA protocol 
with filtered-back projection reconstruction [58,63].

As evidenced by researchers, novel Photon-Counting 
Detector (PCD) technology in CT scanners has facilitated 
the reduction of ICM dose in CTPA even below 60 ml, 
providing acceptable image quality [34]. PCD-CTPA 
offers substantial advantages in terms of rapid image 
acquisition, radiation and ICM dose reduction and 
advanced imaging methods. The virtual mono energetic 
imaging on PCD-CT scanner offers the potential of ICM 
dose minimization and allows good to excellent image 
quality compared to a standard DE-CTPA protocol [37].

DE-CTPA presents another approach to reduce ICM 
dose and iodine load. Researchers, who compared DE-
CTPA with standard CTPA, demonstrated that reduced 
iodine load [53] or ICM dose [49] does not significantly 
affect the opacification of PA, offering a potential 
path toward minimizing ICM use. Although aDE-CTPA 
protocol may result in high SNR and CNR, a slight 
reduction in image quality and increased image noise 
may be noted in some cases [30].

Many researchers have denoted the significance 

dose compared to a standard protocol for different body 
weights without assessing image quality [26]. One study 
compared a weight-adjusted contrast administration 
protocol to a standard CTPA protocol, using various ICM 
doses instead of using only a low dose of ICM [20].

Discussion
Achieving acceptable diagnostic image quality 

in CTPA with lower ICM dose involves a wide range 
of protocols and techniques, as well as utilizing the 
capabilities of the modern CT scanners and injectors. 
Several studies have demonstrated the effectiveness of 
simultaneous high-pitch technique with reduced ICM 
dose in maintaining image quality. High-pitch CTPA with 
low dose of ICM and reduced radiation dose may render 
comparable subjective image quality to standard CTPA 
with sufficient PA contrast opacification and CNR above 
diagnostic thresholds in most cases, despite the reduced 
objective image quality of this technique compared to 
standard CTPA [33]. At significantly low kVp the use of 
novel image reconstruction methods such as Sinogram 
Affirmed Iterative Reconstruction (SAFIRE) may provide 
comparable image quality and substantial radiation 

https://doi.org/10.23937/2572-3235.1510121
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One of the most significant concerns associated 
with ICM is the development of contrast-induced 
nephropathy (CIN), particularly in individuals with 
chronic renal disease [64]. CIN is a serious complication 
of angiographic procedures following the administration 
of ICM and is characterized by a sudden impairment of 
kidneys function. Minimizing the dose or iodine load of 
the injected contrast agent, especially in patients with 
renal impairment, can reduce the risk of CIN [65].

Excessive iodine exposure can also affect thyroid 
function. Minimizing the use of ICM is particularly 
important for individuals with thyroid disorders like 
hyperthyroidism, or those at risk of developing thyroid 
dysfunction. Close monitoring and consideration of 
alternative imaging approaches may be warranted in 
such cases, to avoid thyroid dysfunction or thyrotoxicosis 
[8].

For patients who undergo multiple imaging 
procedures over time, the cumulative dose of ICM 
becomes a concern. Minimizing ICM exposure helps 
mitigate the potential of accumulating high doses of 
iodine, causing organ dysfunction, triggering allergic 
reactions and increasing the absorbed organ radiation 
dose [66], which could lead to contrast-induced adverse 
effects and risk of cancer.

Extravasation, the unintended leakage of an 
intravenously injected contrast agent into surrounding 
tissues, can cause mild skin reaction like inflammation 
or erythema, and more severe complications such 
as skin ulceration, tissue necrosis, and compartment 
syndrome [67]. Managing each patient according to 
her or his needs, establishing optimal venous access, 
minimizing the volume, injection rate and concentration 
of contrast agents, as well as employing proper injection 
techniques where needed, can reduce the potential of 
extravasation during CTPA [68,69].

Pregnant women are particularly vulnerable to 
the potential risks of ionizing radiation exposure. If a 
pregnant patient must undergo a CTPA, appropriate scan 
protocol selection and optimization of scan length may 
be needed, to minimize exposure of the patient and the 
developing fetus, whilst maintaining diagnostic quality 
[70]. Despite the use of ICM is considered safe during 
pregnancy [71], radiology professionals should carefully 
weigh the benefits of contrast-enhanced imaging 
against the potential risk of fetal hypothyroidism and 
submit pregnant patients in CTPA only when the clinical 
situation requires doing so, keeping the volume of ICM 
administered as low as possible [72].

Some patients may experience stress, anxiety or 
discomfort before or during CTPA. Sudden pain at the 
region of intravenous access, warmth or cold sensation 
during the administration of ICM may extend the 
patient’s discomfort [73]. Vulnerable populations, 
such as pediatric patients, the elderly, and those with 

of individualized CTPA protocols, tailored to patient’s 
characteristics such as body weight [20]. A significant 
reduction in ICM dose was achieved through weight-
adjusted contrast administration, as evidenced by 
Hendriks, et al. who emphasized the importance 
of tailoring ICM dose to patient weight [56]. They 
concluded that an individualized CTPA protocol can 
provide diagnostic image quality with a substantial 
reduction of ICM volume, especially for lower weight 
patients, compared to a CTPA protocol with a fixed ICM 
dose for these patients.

Exploring the feasibility of simultaneous low kVp and 
ICM dose, researchers have demonstrated the efficacy of 
such CTPA protocols with significantly reduced contrast 
dose and radiation exposure, maintaining sufficient 
image quality to exclude or diagnose PE. Suntharalingam, 
et al. have concluded that their submillisievert standard-
pitch CTPA protocol with 25 ml ICM dose may obtain 
sufficient image quality while reducing radiation dose 
by approximately 71% compared to a standard protocol 
[54]. According to Szucs-Farkas, et al. reduced radiation 
and ICM dose can provide high vessel attenuation, while 
maintaining diagnostic image quality and diagnostic 
confidence [25]. Sodickson and Weiss have also 
demonstrated the efficacy of their CTPA protocol with 
low kVp and an appropriately designed ICM injection, 
to obtain diagnostic images, while reducing radiation 
exposure and ICM dose by 33% [29].

The concentration of ICM plays a key role in 
optimizing image quality in reduced ICM dose CTPA 
protocols. Higher concentrations of ICM allow for 
reduced volumes to be used while still achieving the 
necessary PA opacification for diagnostic imaging. This 
is particularly important in protocols aiming to minimize 
the dose of ICM to reduce the risk of nephrotoxicity 
and allergic reactions in vulnerable patients. Goble 
and Abdulkarim have demonstrated that a reduced 
volume of high-concentration ICM combined with 
multiphasic injection technique; allow contrast dose 
reduction without compromising CTPA accuracy [60]. 
Furthermore, the combination of low kVp and high-
concentration ICM enables further reduction in contrast 
dose while maintaining or enhancing image quality, 
underscoring the importance of ICM concentration in 
achieving optimal diagnostic outcomes with minimal 
patient risk.

Reducing contrast agents is crucial for ensuring 
patient safety. Iodinated contrast agents can result in 
both mild and severe allergic reactions. Mild reactions 
include symptoms like rash, nausea, and itching, while 
severe reactions can lead to pulmonary edema, cardiac 
arrhythmia or arrest. To minimize the likelihood of 
triggering allergic responses, it is important to reduce 
the use of injected contrast agents. This is particularly 
important for patients with a history of allergies to 
contrast agents, food or drugs [5].

https://doi.org/10.23937/2572-3235.1510121
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CTPA with reduced ICM dose continues to be a valuable 
and safe diagnostic tool in the realm of the PA imaging.
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