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Objectives: The purpose of this study was to evaluate 
the impact of three novel iterative metal artefact (iMAR) 
algorithms on image quality and artefact degree in 
chest CT of patients with a variety of thoracic metallic 
implants.
Methods: 27 postsurgical patients with thoracic implants 
who underwent clinical chest  CT between March 
and May 2015 in clinical routine were retrospectively 
included. Images were retrospectively reconstructed 
with standard weighted filtered back projection (WFBP) 
and with three iMAR algorithms (iMAR-Algo1 = Cardiac 
algorithm, iMAR-Algo2 = Pacemaker algorithm and 
iMAR-Algo3 = ThoracicCoils algorithm). The subjective 
and objective image quality was assessed.
Results: Averaged over all artefacts, artefact degree 
was significantly lower for the iMAR-Algo1 (58.9 ±  
48.5 HU), iMAR-Algo2 (52.7 ± 46.8 HU) and the iMAR-
Algo3 (51.9 ± 46.1 HU) compared with WFBP (91.6 ± 
81.6 HU, p < 0.01 for all). All iMAR reconstructed images 

showed significantly lower artefacts (p < 0.01) compared 
with the WFPB while there was no significant difference 
between the iMAR algorithms, respectively. iMAR-Algo2 
and iMAR-Algo3 reconstructions decreased mild and 
moderate artefacts compared with WFBP and iMAR-
Algo1 (p < 0.01).
Conclusion: All three iMAR algorithms led to a signif-
icant reduction of metal artefacts and increase in 
overall image quality compared with WFBP in chest 
CT of patients with metallic implants in subjective and 
objective analysis. The iMARAlgo2 and iMARAlgo3 
were best for mild artefacts. IMARAlgo1 was superior 
for severe artefacts.
Advances in knowledge: Iterative MAR led to signif-
icant artefact reduction and increase image-quality 
compared with WFBP in CT after implementation of 
thoracic devices. Adjusting iMAR-algorithms to patients’ 
metallic  implants can help to improve image quality in 
CT.
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Introduction
Thoracic CT is routinely performed for diagnosis of 
thoracic pathologies. This includes assessment of lung 
pathologies, vascular structures and mediastinal or cardiac 
pathologies as well as spine and trauma imaging. Further-
more, CT reflects the method of choice in the detection of 
postoperative complications and is also frequently used in 
the follow up of patients after thoracic surgery.1 Complica-
tions from thoracic surgery commonly assessed with chest 
CT include infections, sternal displacements, osteomyelitis, 
thoracic hemorrhage or pneumothorax.1,2

Sternotomy is one of the most frequently used access strat-
egies for various thoracic surgeries such as coronary artery 
bypass surgery, cardiac valve replacement and open-heart 

surgery.3 These surgeries often lead to intrathoracic implan-
tation of metallic devices such as pacemakers, valve replace-
ments or left ventricular assistant devices.4,5 Furthermore, 
sternal wire closure is commonly performed to close up the 
surgical access route.

Metallic implants from thoracic surgery can lead to fine 
streak artefacts as well as broader dark or bright band arte-
facts in CT.4 These artefacts can hamper image quality in 
CT and limit diagnostic capability. Severe artefacts can 
mask acute complications like bleeding or abscesses adja-
cent to the metallic hardware.

To reduce artefacts from metal implants in CT, different 
approaches have been introduced.6–8 With the increase in 
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Figure 1. Chest CT after left ventricular assist device implemen-
tation reconstructed with weighted filtered back projection in 
soft tissue window and bone window. These pictures demon-
strate severe streak artefacts produced by chest implants. 
Especially, retroperitoneal structures like thoracic aorta or 
lung parenchyma are masked by streak artefacts (arrow).

available computational power, novel iterative MAR (iMAR) 
techniques have become available recently (Figure 1). Research 
so far has mainly focused on iMAR in patients with large ortho-
pedic implants,9 dental hardware or vertebral implants.10,11 To 
our knowledge, the value of iMAR in the setting of thoracic 
metallic implants has not been investigated yet. However, arte-
facts from metallic implants are a continuing challenge in 
patients following thoracic surgery, and efficient algorithms to 
improve image quality in these patients are desirable.

Therefore, the aim of this study was to investigate the impact 
of three novel iMAR algorithms on image quality and artefact 
degree in chest CT of patients with thoracic metallic implants.

methods and materials
This retrospective study was approved by the local ethics 
committee.

Patients
27 postsurgical patients (22 males, 5 females, mean age: 68.1 
± 11.1 years, range: 44–82 years) who underwent chest CT 
between March and May 2015 in clinical routine were retro-
spectively included in the analysis. Metal objects (n = 38) 
included sternal steel wiring (n = 25), left ventricular assist 
devices (n = 3), port systems which all were located within the 
chest wall (n = 3), cardiac pacemakers (n = 3) and extracorpo-
real devices (n = 4). We found in 13 of 27 patients two different 
types of metal objects.

Image acquisition
Examinations were performed on a 64-section slice CT scanner 
with sliding gantry capability (n = 13; Siemens Somatom Defi-
nition Sliding Gantry, Siemens Healthcare GmbH, Erlangen, 
Germany) and a 128-section dual source CT scanner (n = 14; 
Somatom Definition Flash, Siemens Healthcare GmbH). Scans 
were performed with automated tube current modulation (Care-
Dose4D, Siemens Healthcare GmbH) with a mean tube current 
of 163 ± 61.8 mAs and automatic tube voltage selection (100  kV, 
n = 21; 120  kV, n = 6). Rotation time was 0.5 s and collimation 
was 0.6 mm in all scans. All scans were performed in supine posi-
tion and on inspiration.

All scans were performed after body-weight-adapted intrave-
nous injection of iodine-containing contrast media (Imeron 
400, Bracco Imaging Deutschland GmbH, Konstanz, Germany 
and Accupaque 300 mg, GE Healthcare Buchler GmbH & 
Co, München, Germany) and bolus triggering.

Image processing
All images for the study were retrospectively reconstructed on a 
workstation using prototype software (ReconCT 13.8.2.0, Siemens 
Healthcare GmbH,  Erlangen, Germany). Reconstructions were 
performed with standard weighted filtered back projection (WFBP; 
Siemens Healthcare GmbH) and additionally with three iMAR 
algorithms (iMAR 2D, iMAR-Algo1 = Cardiac algorithm, iMAR-
Algo2 = Pacemaker algorithm and iMAR-Algo3 = ThoracicCoils 
algorithm, Siemens Healthcare GmbH, respectively). The recon-
structed WFBP images do refer to our clinical-filtered back projec-
tion images without other MAR options. WFBP images as well 
as post-processed images with the iMAR algorithms were recon-
structed in axial orientation and a slice thickness of 5 mm using a 
soft tissue kernel (B30f). For subjective and objective image analysis 
in this study, 5 mm slices are sufficient, therefore we consequently 
renounced on thinner reconstructions. Reconstructed images 
were archived in the picture archiving and communication system 
(PACS, Sectra Medical Systems GmbH, Linköping, Sweden). 
WFBP reconstructions served as reference standard in this study.

Subjective image analysis
Subjective image quality and image artefacts were evaluated by 
two independent readers (BLINDED, consultant grade radiolo-
gist and BLINDED with 5 and 4 years of experience in reading 
chest CT).

For overall image quality, one single overall score was given with 
regard to metallic hardware, osseous structures, soft tissue and 
lung parenchyma. Overall image quality was rated on a five-
point scale according to previous studies (1: severe artefacts, 
non-diagnostic; 2: poor image quality, partly non-diagnostic; 3: 
moderate image quality, limited diagnostic confidence; 4: good 
image quality, sufficient for diagnosis; 5: excellent image quality, 
no artefacts).12 Based on the overall image quality, implants were 
divided into devices producing severe artefacts (image quality 
1–2) and implants generating moderate-to-no artefacts (“mild 
artefacts”) (image quality 3–5).

Furthermore, overall artefact degree was rated separately for 
near field (<3 cm from the metal) and far field (≥3 cm from the 
metal) on a five-point scale according to previous studies13 (1: 
severe artefacts; 2: strong artefacts; 3: moderate artefacts; 4: mild 
artefacts; 5: no artefact).

Artefacts were rated in a random order on a PACS worksta-
tion (Sectra Medical Systems GmbH, Linköping, Sweden). 
Adjustment of the window was to the discretion of the readers. 
Readers were blinded to patient data and image reconstruction 
parameters.

Objective image analysis
Quantitative analysis of MAR was performed according to 
previous studies.4,14 Oval region of interest (diameter: 1–4 cm) 
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Table 1. Mean scores of subjective image analysis for WFBP and three iMAR algorithms (iMAR-Algo1, iMAR-Algo2 and iMAR-
Algo3). Table 1 shows mean values and standard deviation of near and far field scoring for mild and severe artefacts (1: severe 
artefacts, non-diagnostic; 2: poor image quality, partly non-diagnostic; 3: moderate image quality, limited diagnostic confidence; 
4: good image quality, sufficient for diagnosis; 5: excellent image quality, no artefacts)

Artefact degree WFBP iMAR-Algo1 iMAR-Algo2 iMAR-Algo3
Overall 3.4 ± 1.3 3.8 ± 0.1 4.3 ± 0.8 4.2 ± 0.7

Mild artefacts Near field 3.6 ± 0.5 3.8 ± 0.5 4.5 ± 0.5 4.5 ± 0.7

Far field 4.5 ± 0.6 4.7 ± 0.5 4.9 ± 0.2 4.9 ± 0.3

Severe artefacts Near field 1.7 ± 0.4 3.8 ± 0.4 3.3 ± 0.5 3.3 ± 0.5

Far field 2.5 ± 0.6 4.2 ± 0.4 3.5 ± 0.5 3.5 ± 0.5

measurements were performed in three different locations 
adjacent to each metallic implant and standard deviations (SD; 
in Hounsfield Units, HU) were recorded. Regions  of  interest 
were measured on slices with the strongest artefact level as 
judged visually. Mean standard deviation of the three measure-
ments was calculated to account for objective artefact degree; 
therefore, higher values of SD reflect higher artefact load. 
Measurements were performed by one reader (BLINDED) on a 
PACS workstation (Sectra Medical Systems GmbH, Linköping, 
Sweden).

Statistical analysis
All data are given in mean ±  standard deviation. Data analysis 
was performed using IBM SPSS Statistics 22™ for Windows (SPSS, 
Chicago, IL). Statistical significance was set to p < 0.05. A Kolmog-
orov test was performed to test for normality. Analysis of variance 
was performed for normally distributed variables. A Wilcoxon test 
was used as non-parametric test. Bonferroni method was used to 
correct for multiple testing. Kappa-value was calculated to eval-
uate the inter-observer agreement. Interobserver agreement was 
defined as excellent (κ > 0.81), good (κ = 0.61–0.80), moderate (κ = 
0.41–0.60), fair (κ = 0.21–0.40) and poor (k ≤ 0.20).15

Results
Subjective image analysis
Overall artifacts
Mild metallic artefacts were found in 27/38 (71%) of thoracic 
metallic implants. These were caused by sternal steel wiring (n 
= 25), port systems (n = 1) and overlying devices (n = 1). Severe 
metallic artefacts were found in 11/38 (29%) of implants, caused 
by LVADs (n = 3), overlying devices (ECG cables) (n = 3), port 
systems/pacemakers (n = 4) and an aortic valve prosthesis (n = 1).

Mild artefacts
Regarding mild-to-moderate artefacts, these were strongest for 
WFBP (near field: 3.6 ± 0.5, far field 4.5 ± 0.6) and iMAR-Algo1 
algorithm (near field: 3.8 ± 0.5, far field 4.7 ± 0.5). We found signifi-
cantly lower mild-to-moderate artefacts for the iMAR-Algo2 and 
iMAR-Algo3 reconstructions (near field: 4.5 ± 0.5, far field 4.9 ± 0.2 
and near field: 4.5 ± 0.5, far field 4.9 ± 0.3, respectively) compared 
with WFBP and iMARAlgo1 (p < 0.01 for both; Table 1).

Severe artefacts
Concerning severe artefacts, we found strongest artefacts for 
WFBP reconstructed images (near field: 1.7 ± 0.4, far field 2.5 ± 

0.6). All iMAR reconstructed images (iMAR-Algo1: near field: 
3.8 ± 0.4, far field 4.2 ± 0.5; iMAR-Algo2: near field: 3.3 ± 0.5, 
far field 3.5 ± 0.5; iMAR-Algo3: near field: 3.3 ± 0.5, far field 3.5 
± 0.5) showed significantly lower artefacts (p < 0.01) compared 
with the standard reconstructions while there was no significant 
difference between the iMAR algorithms, respectively (Table 1). 
We found no new induced MAR artefacts due to any of the 
iMAR algorithms.

Overall image quality
All reconstructions showed diagnostic image quality. Mean 
overall score for WFBP as standard reconstruction method was 
3.1 ± 1.3. Mean overall scores for the iMAR algorithms were 3.8 
± 0.1 for iMAR-Algo1, 4.3 ± 0.8 for iMAR-Algo2 and 4.2 ± 0.7 
for iMAR-Algo3. All iMAR algorithms showed a significantly 
better overall image quality compared with WFBP reconstruc-
tions (p < 0.01, respectively). Overall image quality did not differ 
significantly between CT images reconstructed with WFBP and 
the iMARAlgo1. Interobserver agreement for overall image 
quality was good (κ = 0.72).

Objective image analysis
Overall artefacts
Averaged over all artefacts, mean artefact degree for WFBP was 91.6 
± 81.6 HU. Artefact degree was significantly lower for the iMAR-
Algo1 algorithm (58.9 ± 48.5), iMAR-Algo2 algorithm (52.7 ±  
46.8 HU) and the iAMRAlgo3 algorithm (51.9 ± 46.1 HU) 
compared  WFBP (p < 0.004). There was no significant difference 
between the three iMAR algorithms (p > 0.05) (Table 2).

Mild artefacts
Degree of mild artefacts was similar for WFBP (53.8 ± 24.97 HU) 
and iMAR-Algo1 (47.9 ± 28.1 HU) (p = 1)  (Figure 2). We found 
a significantly lower artefact degree for the iMAR-Algo2 (33.1 ±  
12.9 HU) and the iMAR-Algo3 (32.9 ± 11.9 HU) compared with 
the WFBP and the iMAR-Algo1 (p < 0.004 for both).

Severe artefacts
Concerning severe artefacts, all iMAR algorithms reduced arte-
fact degree significantly compared with WFBP (WFBP: 184.4 ± 
78.3 HU; iMAR-Algo1: 86.1 ± 36.1 HU; iMAR-Algo2 101.8 ± 
43.9 HU; iMAR-Algo3 98.6 ± 44.1 HU; p < 0.01, respectively). 
There was no significant difference between the three different 
iMAR reconstructions, respectively (p > 0.02). The Cardiac 
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Table 2. Mean scores of objective image analysis for WFBP and three iMAR algorithms (iMAR-Algo1, iMAR-Algo2 and iMAR-Algo3). 
Table 2 shows mean values and standard deviation of objective artefact degree for overall artefacts, mild and severe artefacts

Objective artefact degree (HU)

WFBP iMAR-Algo1 iMAR-Algo2 iMAR-Algo3
Overall 91.6 ± 81.6 58.9 ± 48.5 52.7 ± 46.8 51.9 ± 46.1

Mild artefacts 53.8 ± 24.9 47.9 ± 28.1 33.1 ± 12.9 32.9 ± 11.9

Severe artefacts 184.4 ± 78.3 86.1 ± 36.1 101.8 ± 43.9 98.6 ± 44.1

Figure 2. Chest CT after cardiac surgery and sternotomy reconstructed with WFBP (a), Algo1 (b), Algo2 (c) and Algo3 (d). All 
reconstructions demonstrate varying degrees of artefacts caused by sternal wires. Postoperative presternal infection was masked 
by artefacts adjacent to the sternal wires in WFBP and ALGO1 reconstructions. WFBP, weighted filtered back projection.

algorithm showed the strongest artefact reduction compared 
with the other iMAR algorithms  (Figure 3).

Discussion
In this study, we quantitatively and qualitatively assessed the 
impact of three different iMAR algorithms on artefact burden 
and image quality in chest CT of patients with thoracic metallic 
implants. All three iMAR algorithms led to a significant decrease 
of the artefact degree compared with WFBP. Overall image 
quality was significantly increased with all iMAR algorithms 
compared with WFBP. Detailed analysis revealed that the iMAR-
Algo2 and the iMAR-Algo3 led to a stronger artefact reduction 
for mild artefacts than the iMAR-Algo1 and WFBP. However, 
iMAR-Algo1 enabled the strongest artefact reduction in cases of 
severe artifacts.

Initial MAR approaches used a one-dimensional linear interpola-
tion to improve CT sinogram data to reduce artefacts. Regarding 
the high computational time requirements, these methods 
have not been introduced into clinical routine.6,16,17 Recently, 
the combination of linear interpolation and the normalization 
approach (“normalized metal artefact reduction”) have led to 
a quick and efficient reconstruction performance.18 The iMAR 
algorithms used in this study are yet a further improvement to 
these established algorithms. The mean reconstruction time for 
one algorithm and the WFBP reconstruction was 4 min and 26 s.

As iMAR algorithms have only recently been introduced, only 
few studies reported initial results. In accordance with our results 
for metallic thoracic implants, these studies reported a reduction 
of metal artefacts from hip prostheses, dental hardware and spine 
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Figure 3. Chest  after LVAD implementation reconstructed with WFBP (a), Algo1 (b), Algo2 (c) and Algo3 (d). The WFBP recon-
structed image demonstrates severe artefacts produced by LVAD resulting in a non-diagnostic image quality. All iMAR recon-
structions lead to a significant artefact reduction and improved image quality. iMAR, iterative metal artefact; LVAD, left ventricular 
assist device; WFBP, weighted filtered back projection.

implants when using iterative reconstructions.9–11 However, in 
these papers, only a single iMAR algorithm was investigated and 
compared with filtered back projection.

Although all iMAR algorithms in our study led to a significant 
reduction of artefact degree compared with WFBP, we also found 
a significant difference in artefact reduction between the respec-
tive iMAR algorithms with iMAR-Algo2 and iMAR-Algo3 being 
especially helpful in cases with mild artefacts and iMAR-Algo3 
in cases with severe artefacts. Although the herein evaluated 
iterative MAR technique can be employed using conventional 
single-energy CT acquisition, our results are in accordance 
with recent studies evaluating iterative MAR algorithms in  
dual-energy CT with monochromatic reconstructions.19,20 A 
significant reduction of artefacts from metallic implants was 
reported, the degree of which was shown to depend on the 
implant material and size.19,21–23 Our results indicate that the 
effectiveness of the different iMAR algorithms depends on the 
severity of the artefact and thus on the type and material of the 
metallic implant. Therefore, iMAR algorithms potentially have to 
be chosen according to the metallic implant and reconstruction 
thresholds and other settings of iterative MAR algorithms poten-
tially have to be altered to adjust for different types and locations of  
metal devices.

A previous study investigated MAR algorithms in chest 
CT.24 Huang et al evaluated three different MAR techniques 
(O-MAR and monochromatic gemstone spectral imaging 
with and without MAR post processing) and found both MAR  
post-processing algorithms (O-MAR and MAR post processing 
for gemstone spectral imaging) to induce new artefacts in chest 
CT.24 We did not detect newly induced artefacts for any of the 
MAR algorithms evaluated in this study. However, both MAR 
techniques evaluated by Huang et al are from different vendors 
and, although the specifics remain unknown, are based on 
different MAR algorithms.

This study has limitations. Our study followed a retrospective 
study design. Only a small number of patients were included in 
our study. We did not compare our results to non-iterative MAR 
algorithms, iMAR algorithms from other vendors or dual-en-
ergy CT with monoenergetic reconstructions. Nevertheless, this 
reflects clinical routine, where only reconstructions from one 
vendor are available. CT studies from two different CT scan-
ners were included in this study and we did not investigate the 
differences between the CT scanners. Nevertheless, WFBP and 
iMAR images were reconstructed for all patients on both scan-
ners. However, we cannot exclude the possibility that results 
might differ for different CT scanners and scanning parameters. 
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