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Original Article

CT artifacts after contrast media injection in chest imaging: 
evaluation of post-processing algorithms, virtual monoenergetic 
images and their combination for artifact reduction
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Background: After injection into a brachial vein, high contrast media concentration in axillary and 
subclavian veins can cause artifacts that impair diagnostic utility. This study assessed artifact reduction by 
artifact-reduction-algorithms (ARA) and virtual-monoenergetic-images (VMI), as well as their combination 
(VMIARA) compared to conventional CT-images (CI).
Methods: Forty-six spectral-detector-CT (SDCT) examinations of patients that received ARA-
reconstructions due to perivenous-artifacts were included in this retrospective study. CI, ARA, VMI, 
and VMIARA (range: 70–200 keV) were reconstructed. Objective analysis was performed with ROI-based 
assessment of mean and standard deviation of attenuation (HU) in hypo- and hyperdense artifacts and 
impaired muscle and arteries as well as artifact-free reference-tissue. Extent of artifact reduction, assessment 
of surrounding soft tissue and vessels, and appearance of new artifacts were rated visually by two radiologists.
Results: Hypo- and hyperdense artifacts showed significant improvement as evidenced by decreasing 
attenuation differences between artifact impaired and artifact-free reference tissue in ARA, VMI ≥80 keV, 
and VMIARA between 70–200 keV (e.g., CI/ARA/VMI100keV/VMIARA100keV: hypodense artifacts, (−)264.8±150.9/
(−)87.1±78.9/(−)48.6±64.6/9.9±63.9 HU; P<0.001); hyperdense artifacts, 164.2±51.1/82.1±73.2/7.9±34.7/
(−)17.3±50.7 HU; P<0.001). Artifacts impairing surrounding muscle and arteries were also reduced by all 
three approaches. In visual assessment, ARA, VMI ≥100 keV, and VMIARA between 70–200 keV also showed 
significant artifact reduction and improved assessment; however, for assessment of arteries improvement was 
not significant using ARA alone. New artifacts were reported, particularly at higher keV-values.
Conclusions: In presence of perivenous-artifacts, ARA, VMI and their combination allow for significant 
artifact reduction; however, their combination and VMI as a standalone approach yielded best results and 
should therefore be used, if available.
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Introduction

Multidetector CT acquisitions require specialized contrast 
media injection protocols. Contrast media is usually injected 
as concentrated boluses (1). As contrast media is strongly 
attenuating in CT-imaging, it can thereby like metal cause 
severe artifacts (2-7). These artifacts commonly appear 
as hypo- and hyperdense areas surrounding the highly 
attenuating material. Artifacts from highly attenuating 
material results from (I) beam-hardening [preferential 
absorption of low energetic photons (8,9)], (II) photon 
starvation [complete absorption of all photons (5,9)], and 
(III) scatter artifacts [resulting from greater attenuation 
differences, e.g., soft tissue and contrast media (6)]. Contrast 
media is mostly injected via an upper extremity venous 
access; therefore, these artifacts are most pronounced 
around axillary and subclavian veins. Here they may impair 
assessment of surrounding structures, including muscle, 
lymph nodes, fat, and adjacent arterial vessels (2-4,7). Lung 
and mediastinal structures are less commonly impaired 
by these kind of artifacts as contrast media becomes more 
diluted in larger vessels closer to the heart (2,4,7,10).

Dual-layer spectral-detector CT (SDCT) separately 
detects low and high energy photons. This enables calculation 
of virtual monoenergetic images (VMI) that correspond to 
images that would result from true monoenergetic x-ray 
acquisitions (11-13). High keV VMI reduce artifacts since 
high-keV values are less susceptible to beam hardening. This 
has been shown for metal materials (14-17) and recently also 
for artifacts from contrast media (2,18). Dedicated artifact 
reduction algorithms (ARA) have been developed to reduce 
artifacts from highly attenuating material in conventional 
single-energy images (16,19). They are primarily designed 
for larger metal implants, e.g., total hip replacements 
(19,20). Still, in recent studies, ARA were also found to 
confer robust artifact reduction for smaller implants (21,22). 
This might suggest that ARA could also be applicable for 
other highly attenuating material, i.e., contrast media (20).  
Further, recent studies showed that the combination of 
ARA and VMI is often the most effective approach for 
artifact reduction (21,23). However, the effectiveness of this 
combined approach has not been investigated for reduction 
of artifacts resulting from contrast media injection.

The purpose of this study was to investigate the value 
of ARA in combination with VMI (VMIARA) for reduction 
of artifacts from contrast media after upper extremity 
intravenous injection in chest imaging.

Methods

This retrospective study was approved by the local 
institutional review board and in accordance with the 
Health-Insurance-Portability and Accountability-
Act. Informed written consent was waived. Inclusion 
criteria were applied by a radiologist with 4 years of 
experience in chest imaging and as follows: (I) age  
≥18 years, (II) contrast enhanced thoracoabdominal staging 
and restaging examinations in portal-venous phase between 
June 2018 and March 2019, (III) presence of artifacts 
that impaired diagnostic assessment from high contrast 
media concentration in axillary and subclavian veins, and 
(IV) availability of ARA in addition to conventional CT 
images (CI) and VMI. Contrary to CI and VMI, ARA are 
not retrospectively available and needed to be additionally 
applied if perivenous artifacts compromised image 
assessment of circumjacent structures. Applying the above-
mentioned criteria, a total of 46 non-consecutive patients 
were eligible for study inclusion.

Imaging protocol

Examinations were conducted on a clinical SDCT (IQon, 
Philips Healthcare) with patient in a head-first supine 
position with raised arms. Iodinated contrast media (Optiray 
350, Guerbet) was injected through an antecubital vein. 
Amount of contrast was adapted to body weight (1.5 mL/kg,  
maximum total amount applied per patient was set to  
140 mL). Flow rate was 2.0 mL/s. Acquisition began 
70 seconds after contrast media injection started. Scan 
parameters were set as follows: collimation 64 mm ×  
0.625 mm, rotation-time 0.33 seconds, pitch 0.98, matrix 
512×512. Tube voltage was 120 kVp and automatic tube 
current modulation (dose right, Philips Healthcare) 
was used with a dose right index of 15, employing both 
Z-modulation and 3D-dose modulation.

Conventional CT-images (iDose4, level 3; referred to 
as CI), ARA (O-MAR; Philips Healthcare), VMI (Spectral 
B, level 3, range: 70–200 keV, increment of 10 keV), and 
the combination of ARA and VMI (Spectral B, level 3 and 
O-MAR, range: 70–200 keV, increment of 10 keV) were 
reconstructed. Slice thickness was set to 3 mm.

Objective analysis

Image assessment was conducted by using regions of 
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interest (ROI) with a consistent size of 100 mm2. ROI size 
could possibly be reduced to avoid unrepresentative tissue. 
First, ROI were placed on CI and then copied to ARA, 
VMI and VMIARA using the vendor’s proprietary image 
viewer (IntelliSpace Portal v9, Philips Healthcare). ROI 
were placed in the most pronounced hypo- and hyperdense 
artifacts as well as corresponding artifact-free reference 
tissue, e.g., when a hyperdense artifact obscured muscle, the 
corresponding reference tissue was contralateral artifact-
free muscle; this procedure was applied individually for 
each artifact. ROI were also placed in surrounding artifact 
impaired muscle and arteries as well as corresponding 
artifact-free reference tissue. Mean and standard deviation 
of attenuation were recorded. Standard deviation in artifact 
impaired muscle and arteries were regarded representative 
for image noise and indicative of artifact burden (24).

As was done for previous studies (21,25,26), corrected 
attenuation for hypo- and hyperdense artifacts as well as 
artifact impaired muscle and arteries was defined as the 
difference between attenuation in artifact impaired and non-
affected reference tissue. This method accounts for changes 
in attenuation at different keV values for VMI to minimize 
any bias and detect real artifact reduction, e.g., with higher 
keV values attenuation in VMI of muscle and artery decreases 
whereas attenuation of fat increases (11). For artifact impaired 
muscle and artery, we also calculated corrected image noise 
(21,25,26), as the difference between image noise in artifact 
impaired and artifact-free reference tissue to correct for 
general lower image noise in high keV VMI (11).

Visual analysis

Two board-certified fellowship trained radiologists with 
eight and nine years of experience conducted the visual 
analysis. They evaluated extent of hypo- and hyperdense 
artifacts as well as diagnostic assessment using 5-point 
Likert-scales (Table 1). Also, introduction of overcorrection 
or new artifacts were rated on a tertiary scale (Table 1). 
Overcorrection was defined as artifacts that occurred in 
the same location as the original artifacts but that did not 
additionally impair diagnostic assessment compared to CI. 
New artifacts were defined as artifacts in the same or other 
locations as the original artifacts that further impaired 
diagnostic assessment compared to CI. Both readers 
reported the optimal keV value for overall diagnostic 
assessment considering extent of artifact, introduction of 
overcorrection and new artifacts as well as loss of soft tissue 
contrast, which is a known effect of high keV VMI (11,21).

Readings were conducted on CI, ARA, VMI, and 
VMIARA. VMI and VMIARA keV values were 70, 100, 
130, 160, and 200 keV. Larger increments compared to 
the objective assessment were used to allow detection 
of relevant changes in image assessment that might be 
overlooked by evaluating images with smaller increments 
that might appear too similar. Image parameters were as 
follows: slice thickness 3 mm, axial plane, soft tissue window 
(window-level: 60, window-width: 350). Readers were 
allowed to adapt window settings.

The board-certified fellowship trained radiologists with 
nine years of experience also assessed if the ARA, VMI and 
VMIARA could reveal any additional axillary or subclavian 
lymph nodes that were obscured by artifacts in CI.

Statistical analysis

Statistical analysis was conducted using JMP-Software 
(V14, SAS-Institute). Quantitative results are presented as 
mean ± standard deviation and qualitative results are given 
by median and 10/90-percentile. Shapiro-Wilk test was 
used to test for normal distribution. Wilcoxon-test with 
Steel-adjustment for multiple comparisons and Wilcoxon 
signed-rank were used to test for any significant difference. 
Statistical significance was set to P<0.05. Interreader-
agreement was assessed using intraclass-correlation-
coefficient (ICC) and interpreted as proposed earlier (27,28); 
agreement being poor <0.40; fair 0.40–0.59; good 0.60–0.75; 
and excellent 0.75–1.0.

Results

The 46 patients comprised 24 women and 22 men 
with a mean age of 60.2±10.8 years, ranging from 28– 
76 years. Most patients received imaging for staging and 
restaging purposes. These patients had a history of one 
of the following types of neoplasms: breast-cancer n=13; 
lymphoma n=6; gastrointestinal-cancer n=5; lung-cancer 
n=4; prostate-cancer n=3; gynecological cancer of the pelvis 
n=3; cancer-of-unknown-origin n=3; head/neck-cancer n=2; 
thyroid-cancer n=2; renal-cancer n=1 and liver-cancer n=1. 
Two patients received imaging to investigate unclear weight 
loss and one patient due to unclear inflammation.

Objective assessment

As the corrected attenuation is the difference between 
artifact impaired and artifact-free reference tissue, 0 HU 
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Table 1 Visual analysis

Extent of hypo- and hyperdense artifacts

[5] Artifacts are absent or almost absent; [4] minor artifacts; [3] moderate artifacts; [2] pronounced artifacts; [1] massive artifacts

Diagnostic assessment of surrounding soft tissue (e.g., muscle, lymph nodes, and fat)

[5] Full diagnostic quality as there were no artifacts or almost no artifacts; [4] marginally affected diagnostic quality by minor streaks; [3] 
hampered diagnostic quality by moderate artifacts; [2] restricted diagnostic quality by strong artifacts; [1] insufficient diagnostic quality

Diagnostic assessment of vessels (e.g., axillary and subclavian artery and vein)

[5] Full diagnostic quality as no artifacts or almost no artifacts; [4] marginally affected diagnostic interpretability by minor streaks; [3] 
hampered diagnostic interpretability by moderate artifacts; [2] restricted diagnostic interpretability by strong artifacts; [1] insufficient 
diagnostic interpretability

Presence of overcorrection and new artifacts compared to CI

[3] No overcorrection or new artifacts; [2] overcorrection, new opposite artifacts in the location of initial artifacts without additional 
impairment of diagnostic assessment compared to CI; [1] new artifacts in the same or different location of initial artifacts with additional 
impairment of diagnostic assessment compared to CI

Monoenergetic level with best diagnostic assessment regarding artifact extent, introduction of overcorrection or new artifacts, loss of 
tissue and vessel contrast

CI, conventional images.

suggests elimination of the initial artifact. For hypodense 
artifacts, corrected attenuation higher than 0 HU suggests 
overcorrection of the initial hypodense artifact; for 
hyperdense artifacts, corrected attenuation lower than 0 HU 
suggests overcorrection. Corrected attenuation within most 
pronounced hypo- and hyperdense artifacts significantly 
increased and decreased, respectively, in ARA, VMI ≥80 keV,  
and VMIARA between 70–200 keV (Table 2, Figure 1). In 
hypodense artifacts, corrected attenuation was closest to 
zero at VMI between 110–120 keV and turned positive for 
VMI ≥120 keV while corrected attenuation for VMIARA 
was closest to zero at between 90–100 keV and turned 
positive for VMIARA ≥100 keV. In hyperdense artifacts, 
corrected attenuation was closest to zero at VMI between 
100–110 keV and turned negative for VMI ≥110 keV  
while corrected attenuation for VMIARA was closest to 
zero between 90–100 keV and turned negative for VMIARA  
≥100 keV (Table 2, Figure 1). For 70–110 keV, ARA 
combined with VMI offered additional benefit compared to 
VMI alone significantly improving hypo- and hyperdense 
artifacts (P<0.05). For ≥120 keV, the combination of ARA 
and VMI did not demonstrate additional artifact reduction 
beyond what was achieved with VMI alone (P>0.05).

Muscle and arteries surrounding perivenous artifacts 
were also impaired. Arteries were mostly affected by 
hyperdense artifacts on which we therefore focused 
our measurements. Muscle was affected by both hypo- 

and hyperdense artifacts, here we measured only in 
the hypodense artifacts so that both artifact types 
were measured in artifact impaired organs. In muscle 
affected by hypodense artifacts, corrected attenuation 
was closest to zero at VMI between 150–160 keV  
and turned positive for VMI ≥160 keV while corrected 
attenuation for VMIARA was closest to zero at between 
140–150 keV and turned positive for VMIARA ≥150 keV  
(Table 2, Figure 2). For 70–130 keV, ARA combined 
with VMI offered additional benefit and significantly 
reduced artifacts in muscle compared to VMI alone 
(P<0.05). In arteries affected by hyperdense artifacts, 
corrected attenuation was closest to zero at VMI between  
110–120 keV and turned negative for VMI ≥120 keV 
while corrected attenuation for VMIARA was closest to zero 
between 80–90 keV and turned negative for VMIARA ≥90 keV  
(Table 2, Figure 2). For 70–100 keV, ARA combined with 
VMI offered additional benefit and significantly reduced 
artifacts in arteries compared to VMI alone (P<0.05).

Corrected image noise significantly decreased in artifact 
impaired muscle in ARA, VMI ≥110 keV, and VMIARA 
between 70–200 keV and arteries in VMI ≥160 keV and 
VMIARA ≥130 keV (Table 2).

Visual assessment

Corresponding to the objective results, visual assessment 
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Table 2 Objective assessment of artifact reduction and surrounding tissue

Variable

Corrected attenuation/HU-values Corrected image noise

Hypodense  
artifact

Hyperdense 
artifact

Artifact impaired 
muscle

Artifact impaired 
artery

Artifact impaired 
muscle

Artifact impaired 
artery

CI (−)264.8±150.9 164.2±51.1 (−)197.8±94.6 79.6±97.4 24.4±29.4 36.4±48.9

ARA (−)87.1±78.9* 82.1±73.2* (−)72.4±30.4* 28.1±137.9* 9.8±17.1* 32.9±36.4

VMI

70 keV (−)259.6±123.7 155.1±87.6 (−)216.7±101.5 112.1±127.7 27.6±26.2 49.6±68.1

80 keV (−)159.1±85.5* 85.0±56.6* (−)148.0±71.8* 68.7±86.3 19.0±19.1 35.9±52.6

90 keV (−)93.3±68.8* 39.1±40.5* (−)103.1±54.7* 40.4±62.8 13.6±14.6 27.6±43.0

100 keV (−)48.6±64.6* 7.9±34.7* (−)72.6±45.3* 21.2±51.1* 10.2±11.7 22.5±36.7

110 keV (−)17.2±66.0* (−)14.0±34.6* (−)51.1±40.8* 7.6±46.7* 8.0±9.8* 19.3±32.5

120 keV 5.6±69.1* (−)29.9±36.6* (−)35.5±39.0* (−)2.2±46.1* 6.6±8.7* 17.4±29.7

130 keV 22.6±72.5* (−)41.8±39.2* (−)23.9±38.5* (−)9.5±47.2* 5.7±7.9* 16.2±27.7

160 keV 53.8±80.7* (−)63.5±45.6* 2.6±39.9* (−)22.9±52.2* 4.3±6.9* 14.6±24.4*

200 keV 73.6±86.9* (−)77.4±50.6* 11.0±42.0* (−)31.5±57.1* 3.8±6.6* 14.0±22.8*

VMI-ARA

70 keV (−)61.3±107.7* 64.6±95.2* (−)50.5±43.3* 29.3±147.4 8.4±14.1* 37.4±36.6

80 keV (−)27.4±83.9* 25.6±71.2* (−)32.8±36.6* 11.2±109.2* 6.5±11.2* 27.3±27.8

90 keV (−)5.1±70.9* 0.1±57.9* (−)21.4±33.3* (−)0.6±85.9* 5.3±9.5* 21.1±22.2

100 keV 9.9±63.9* (−)17.3±50.7* (−)13.6±31.7* (−)8.7±71.7* 4.6±8.5* 17.1±18.6

110 keV 20.5±60.3* (−)29.5±47.1* (−)8.1±31.1* (−)14.3±62.9* 4.2±7.9* 14.5±16.1

120 keV 28.2±58.5* (−)38.3±45.4* (−)4.2±30.9* (−)18.4±57.6* 4.0±7.5* 12.7±14.4

130 keV 33.9±57.7* (−)44.9±44.4* (−)1.2±30.8* (−)21.5±54.3* 3.8±7.3* 11.5±13.3*

160 keV 44.5±57.2* (−)57.0±44.7* 4.2±31.0* (−)27.1±50.3* 3.4±7.0* 9.4±11.5*

200 keV 51.2±57.7* (−)64.7±45.6* 7.7±31.2* (−)30.6±49.4* 3.3±6.9* 8.4±10.6*

P values

CI vs. VMI 70 keV P=1.0 P=0.93 P=0.99 P=0.92 P=0.98 P=0.98

CI vs. VMI 100 keV P<0.001 P<0.001 P<0.001 P=0.008 P=0.12 P=0.44

CI vs. VMI 130 keV P<0.001 P<0.001 P<0.001 P<0.001 P=0.001 P=0.072

CI vs. VMI 200 keV P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P=0.032

CI vs. ARA P<0.001 P<0.001 P<0.001 P=0.032 P=0.024 P=1.0

CI vs. VMI-ARA 70 keV P<0.001 P<0.001 P<0.001 P=0.053 P=0.010 P=1.0

CI vs. VMI-ARA  
80-200 keV

P<0.001 P<0.001 P<0.001 P<0.05 P<0.05 N/A

*, significant changes in HU-values compared to CI are marked (P<0.05). CI, conventional images; VMI, virtual monoenergetic images; 
ARA, artifact reduction algorithms; VMI-MAR, combination of ARA and VMI. 
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Figure 1 Box-plot diagram displaying corrected attenuation values within hypo- and hyperdense perivenous artifacts in conventional CT images, 
artifact reduction algorithms (ARA), virtual monoenergetic images (VMI, 70–200 keV), and their combination VMIARA. Hypo- and hyperdense 
artifacts showed significant improvement as evidenced by increasing and decreasing attenuation differences between artifact impaired and artifact-
free reference tissue (corrected attenuation) in ARA, VMI ≥80 keV, and VMIARA between 70–200 keV, compared to conventional images.
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of hypo- and hyperdense artifacts revealed significant 
reduction in ARA, VMI ≥100 keV, and VMIARA between 
70–200 keV (Table 3, Figures 3,4). Overcorrection of initial 
artifacts and new artifacts were reported in ARA, VMI, and 
VMIARA. The number of patients affected by overcorrection 
and new artifacts increased at higher keV values (Table 4,  
Figure 4A). Despite frequent overcorrection at higher keV 
values, diagnostic assessment by new artifacts compared to 
CI was mostly not additionally hampered by ARA, VMI 
and their combination. For VMI between 100–130 keV, 
additional impairment by new artifacts was not reported 
at all whereas for VMIARA between 100–130 keV, it was 
reported in ≤10% of the cases (Table 4).

Diagnostic assessment of surrounding soft tissue (muscle, 
lymph nodes, and fat; Figure 3) significantly improved in 
ARA, VMI ≥100 keV and VMIARA between 70–200 keV and 
was rated best in VMI at 130 keV and VMIARA at 100 keV 

(Figure 4B). At higher keV, introduction of overcorrection 
and new artifacts as well as loss of soft tissue contrast 
negatively affected soft tissue assessment (Figure 4A). 
Diagnostic assessment of surrounding vessels significantly 
improved in VMI ≥100 keV and VMIARA between 70– 
200 keV and was rated best in VMI at 130 keV and VMIARA 
at 130 keV. At higher keV, loss of vessel contrast negatively 
affected assessment. ARA alone was not able to significantly 
improve diagnostic assessment of arteries.

Mean optimal keV values for diagnostic assessment were 
127±18 keV (range, 90–165 keV) for VMI and 116±21 keV 
(range, 78–166 keV) for VMIARA (Figure 4). Optimal keV 
values were significantly lower for combination of ARA and 
VMI compared to VMI alone (P<0.05).

After applying ARA, VMI and/or VMIARA ten additional 
lymph nodes could be revealed that were in CI obscured by 
artifacts (Figure 3).
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Figure 2 Box-plot diagram displaying corrected attenuation values within artifact impaired muscle and artery from perivenous artifacts in 
conventional CT images, artifact reduction algorithms (ARA), virtual monoenergetic images (VMI, 70–200 keV), and their combination 
VMIARA. By hypodense artifacts impaired muscle showed significant improvement as evidenced by increasing attenuation differences 
between artifact impaired and artifact-free reference tissue (corrected attenuation) in ARA, VMI ≥80 keV, and VMIARA between 70–200 keV, 
compared to conventional images. By hyperdense artifacts impaired arteries showed significant improvement as evidenced by decreasing 
attenuation differences between artifact impaired and reference tissue in ARA, VMI ≥100 keV, and VMIARA between 80–200 keV, compared 
to conventional images.
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Overall interrater-agreement was excellent (ICC: 0.86, 
Table 3).

Discussion

This study assessed the value of ARAs and spectral detector 
CT-enabled virtual monoenergetic imaging for contrast 
media artifacts in chest imaging. After upper extremity 
injection these artifacts were most pronounced around 
axillary and subclavian veins. Objective results demonstrated 
all three techniques yielded a clear reduction of both, hypo- 
and hyperdense artifacts. This was supported by subjective 
analysis that showed reduction of artifacts by ARA, VMI 
and their combination and thereby revealed an improved 
diagnostic assessment of adjacent soft tissue (e.g., muscle, 
lymph nodes, and fat). Assessment of surrounding vessels 
only improved in VMI and in the combination with ARA 

but not for ARA alone. Evaluation of chest staging and 
restaging examinations could benefit as visualization and 
detection of soft tissue and lymph node metastases as well as 
vessel pathologies might be facilitated (10,29,30).

Postprocessing based on ARA is available from all major 
vendors and has successfully been applied for artifact 
reduction in metal implants (16,19,31). To our knowledge, 
this is the first study that reported the dedicated value of 
ARA alone and in combination with VMI for reduction 
of artifacts from contrast media. In concordance with 
current literature (2,21,22), the combination of ARA and 
VMI and VMI as a standalone method were found most 
effective for reduction of artifacts as opposed to ARA alone. 
Still, there were some differences in performance between 
VMIARA and VMI. The combination was significantly 
more effective than VMI alone between 70–110 keV. This 
offers the unique opportunity to receive optimal artifact 
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Table 3 Subjective assessment of artifact reduction and diagnostic assessment

Variable
Artifact extent Diagnostic assessment

New artifacts
Hypodense Hyperdense Soft tissue Vessel

CI 3 [1–4] 3 [2–4] 3 [1–4] 2 [1–4] N/A

ARA 3 [2–4]* 3 [2–4]* 3 [2–5]* 3 [1–4] 3 [2–3]

VMI

70 keV 3 [1–4] 3 [1–4] 3 [1–4] 2 [1–4] 3 [3–3]

100 keV 4 [3–5]* 4 [3–5]* 4 [3–5]* 4 [3–5]* 3 [3–3]

130 keV 5 [4–5]* 5 [4–5]* 5 [3–5]* 5 [4–5]* 3 [2–3]

160 keV 5 [4–5]* 5 [4–5]* 4 [2–5]* 4 [4–5]* 2 [1–3]

200 keV 5 [5–5]* 5 [4–5]* 4 [2–5]* 4 [3–5]* 2 [1–3]

VMI-ARA

70 keV 4 [3–5]* 4 [3–4]* 4 [2–5]* 3 [2–5]* 3 [2–3]

100 keV 5 [4–5]* 4 [4–5]* 5 [3–5]* 4 [3–5]* 3 [2–3]

130 keV 5 [4–5]* 5 [3–5]* 4.5 [2–5]* 4.5 [3–5]* 2 [1–3]

160 keV 5 [5–5]* 5 [4–5]* 4 [2–5]* 4 [3–5]* 2 [1–3]

200 keV 5 [5–5]* 5 [4–5]* 4 [2–5]* 4 [3–5]* 2 [1–3]

ICC 0.90 0.89 0.80 0.77 0.55

P values

CI vs. VMI 70 keV P=0.98 P=1.0 P=1.0 P=0.99 N/A

CI vs. VMI 100 keV P<0.001 P<0.001 P<0.001 P<0.001 N/A

CI vs. VMI 130 keV P<0.001 P<0.001 P<0.001 P<0.001 N/A

CI vs. VMI 160 keV P<0.001 P<0.001 P<0.001 P<0.001 N/A

CI vs. VMI 200 keV P<0.001 P<0.001 P<0.001 P<0.001 N/A

CI vs. ARA P<0.001 P<0.001 P<0.001 P=0.19 N/A

CI vs. VMI-ARA 70 keV P<0.001 P<0.001 P<0.001 P=0.002 N/A

CI vs. VMI-ARA 100–200 keV P<0.001 P<0.001 P<0.001 P<0.001 N/A

Data is reported as median and 10/90-percentile. *Significant changes in scores compared to CI are marked (P<0.05). Vessels, axillary 
and subclavian vessels; soft tissue, adjacent soft tissue (e.g., muscle, lymph nodes, and fat); new artifacts, introduction of overcorrection 
or new artifacts compared to conventional images; CI, conventional images; VMI, virtual monoenergetic images; ARA, artifact reduction 
algorithms; VMI-ARA, combination of ARA and VMI; ICC, intraclass correlation.

reduction at relatively low keV values, where loss of tissue 
and vessel contrast is still low (2,11,31,32) and introduction 
of overcorrection or new artifacts less common as revealed 
in our analysis and previous studies (20,21). Mean optimal 
keV values for diagnostic assessment was 116 keV for 
the combination of VMI and ARA, considerably lower 
than optimal keV values for VMI alone, 127 keV. At keV 
values of ≥120 keV VMIARA and VMI showed comparable 

artifact reduction capabilities, e.g., HU values of VMIARA at  
120 keV were comparable to VMI at 130 keV. Taking this 
into account that, VMIARA at 120 keV maintains higher soft 
tissue contrast but might show more overcorrection and 
artifacts, and VMI at 130 keV should have a lower inherent 
soft tissue contrast but less overcorrection or new artifacts, 
each of the two approaches might be preferable depending 
on the individual imaging characteristics of the individual 
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Figure 3 Combination of ARA and VMI reveals two lymph nodes that were obscured by severe artifacts in CI. (A) CI, VMI at 130 keV, 
ARA reconstruction, and their combination (VMIARA) at 130 keV in soft tissue window settings (window level: 60, window width: 350) are 
presented of a 53-year-old male patient with known history of lymphoma. Only the combination of ARA and VMI at 130 keV depicts two 
left axillary lymph nodes (red and yellow arrows) that are obscured by a strong artifact in the conventional image. Of note, VMI at 130 keV 
only shows the anterior lymph node (red arrow), while the other lymph node is not optimally seen (yellow arrow). (B) Zoomed in VMIARA at 
130 keV. ARA, artifact reduction algorithm; VMI, virtual monoenergetic image; CI, conventional CT image.

Conventional Image	 ARA

13.5 mm
9.0 mm

17.4 mm 11.0 mm

VMI 130 keV	 VMIARA 130 keV	 VMIARA 130 keV

B

A

patients.
ARA as a single approach also reduced artifacts but was 

less effective compared to VMI and did not significantly 
improve visual assessment of surrounding vessels. Still, ARA 
alone has the advantage of increased availability compared 
to dual-energy CT (16,19,20). Also, ARA do not suffer from 
a loss of contrast, which could be observed in our study in 
VMI at high keV and which has been reported in earlier 
studies (2,31,32). Although the ARA used in this study is 
described as an algorithm for metal artifact reduction (20) 
our results additionally demonstrate reduced artifacts from 
highly concentrated boluses of contrast media which, like 
metal, are very highly attenuating in CT (20). It might be 
helpful in future studies to investigate possible adaption of 
ARA to properties of contrast media artifacts and evaluate if 

artifact reduction capabilities can be further enhanced.
The dedicated potential for VMI for reduction of 

artifacts from highly attenuating metals at various locations 
in the body and for multiple clinical indications (16,32-36) 
has been investigated for different clinically available dual-
energy CT scanners. So far, reduction of artifacts from 
contrast media using VMI as a standalone method has been 
investigated by two recent studies establishing VMI as an 
effective method for reduction of these kinds of artifacts 
(2,18). VMI are ideally suited to address contrast media 
artifacts since higher keV values yield an increased distance 
to the k-edge of iodine (~33 keV) and reduced attenuation 
from contrast (37-39). This was confirmed by our results 
which revealed effective reduction of hypo- and hyperdense 
artifacts by VMI. An advantage of VMI as a single approach 
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Figure 4 Combination of ARA and VMI allow for a complete reduction of moderate artifacts after contrast media injection. (A) CI and 
virtual monoenergetic images (VMI, 70–200 keV), ARA reconstruction, and their combination (VMIARA, 70–200 keV) in soft tissue window 
settings (window level: 60, window width: 350) are presented of a 57-year-old female patient with renal cancer. ARA, VMI and their 
combination each allow for a strong reduction of artifacts, whereby artifact reduction is most effective in VMIARA at 100 keV and VMI at 
130 keV. ARA introduces a new artifact by partially obscuring the rib posterior of the artifacts (red arrows). VMIARA at 70 keV has a better 
performance, as evidenced by a less strong impairment of the adjacent rib (yellow arrow). (B) Zoomed in images of CI, ARA, VMI at 130 
keV and VMIARA at 100 keV of the same patient. ARA, artifact reduction algorithm; VMI, virtual monoenergetic image; CI, conventional 
CT image.

Conventional Image	 VMI 70 keV	 ARA	 VMIARA 70 keV

VMI 100 keV	 VMI 130 keV	 VMIARA 100 keV	 VMIARA 130 keV

VMI 160 keV	 VMI 200 keV	 VMIARA 160 keV	 VMIARA 200 keV

VMI 130 keV	 VMIARA 100 keV

Conventional Image	 ARA

A

B
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Table 4 Overcorrection and new artifacts

Variable None Overcorrection New artifacts

ARA 78% (72/92) 14% (13/92) 8% (7/92)

VMI

70 keV 92% (85/92) 5% (5/92) 8% (2/92)

100 keV 97% (89/92) 3% (3/92) 0% (0/92)

130 keV 61% (56/92) 39% (36/92) 0% (0/92)

160 keV 33% (30/92) 52% (48/92) 8% (14/92)

200 keV 29% (27/92) 50% (46/92) 21% (19/92)

VMI-ARA

70 keV 79% (73/92) 20% (18/92) 1% (1/92)

100 keV 63% (58/92) 34% (31/92) 3% (3/92)

130 keV 48% (44/92) 42% (39/92) 10% (9/92)

160 keV 36% (33/92) 46% (42/92) 18% (17/92)

200 keV 33% (30/92) 41% (38/92) 26% (24/92)

Affected patients are reported in percentage and total count. CI, conventional images; VMI, virtual monoenergetic images; ARA, artifact 
reduction algorithms; VMI-ARA, combination of ARA and VMI; none, no overcorrection or new artifacts; overcorrection, new opposite 
artifact in the location of the initial artifact without additional impairment of diagnostic assessment compared to CI; new artifacts, new 
artifacts in the same or different location of initial artifact with additional impairment of diagnostic assessment compared to CI. 

is that it did not result in any new artifacts at 100 and  
130 keV. Further, overcorrection compared to VMIARA did 
also occur less often.

Optimization of injection protocols, such as applying a 
saline flush after contrast media injection, should be first 
choice to reduce artifacts from contrast media (3,7,40). 
Despite best efforts contrast media artifacts can occur 
(2,4,7). For example, cancer patients might be affected more 
often by an insufficient or not applied saline flush as they 
are frequently suffer from poor venous conditions (7,10).

This study has the following limitations. First, objectively 
characterizing artifacts on CT-images, particularly VMI, 
is not straightforward. Most studies favor ROI-based 
measurement of mean and standard deviation of attenuation 
to characterize artifacts (25,41,42). However, more complex 
methods can also be applied using artifact quantification 
by dedicated algorithms (22,43). When considering 
artifact measurement from VMI it must be recognized that 
attenuation is different at each keV setting according to 
physical principles (11). Therefore, we applied an intra-
individual comparison between artifact impaired tissue and 
corresponding artifact-free tissue, i.e., corrected image 
noise and corrected attenuation, as recently suggested and 
applied in subsequent studies (25,26,44). It should also 

be considered that in the subjective analysis optimal keV 
values for diagnostic assessment (116–127 keV) were at a 
level at which overcorrection already occurred, pointing 
out a potential limitation of the objective assessment. The 
ROI based assessment did not cover all parts of the artifacts 
equally as they were placed where artifacts were strongest. 
We noticed that in the area where the artifacts were initially 
strongest, overcorrection was more pronounced than in less 
strong parts of the artifacts. Further, for the measurement 
on the artifact impaired muscle only the hypodense 
artifacts were assessed and no muscle focused assessment 
of hyperdense artifacts was conducted. To address any 
limitations of the objective analysis and substantiate 
our results, we conducted a complementary subjective 
evaluation by two independent readers visually assessing 
artifact reduction and diagnostic assessment. Second, 
although contrast media concentration and injected volume 
were standardized, the severity of artifacts varied potentially 
due to individual differences in patient circulation, vessel 
anatomy and patient weight (causing differing injection 
duration). Third, our investigation was designed to serve 
as a proof of concept to evaluate performance of two so 
far only for metal artifact reduction established methods 
for highly attenuating contrast media. Therefore, we did 
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not focus our investigation on a certain pathology and our 
results should be used as a starting point for more clinically 
focused studies in future.

Conclusions

In the presence of perivenous artifacts after injection into 
a brachial vein, we recommend combined use of ARA 
and VMI or VMI as a standalone method. Both methods 
demonstrated to work best at keV values between 100–130 
keV where tissue contrast is still high and the probability 
of introducing new artifacts is lowest. Artifact reduction 
by ARA alone was significant but less effective. ARA and 
VMI as standalone approaches offer distinct advantages: 
ARA do not suffer from a loss of tissue or vessel contrast 
and are available with conventional CT whereas VMI yields 
stronger artifact reduction but requires a scanner with dual-
energy CT capabilities.
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