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[ Abstract] Objective To evaluate the effect of deep learning reconstruction algorithm combined with smart
metal artifact reduction (DLMAR) on the quality of abdominal CT images in critically ill patients who are unable to raise
their arms and require electrocardiographic (ECG) monitoring. Methods A total of 102 patients were retrospectively
enrolled. All subjects were critically ill patients who were unable to raise their arms and required ECG monitoring. Images
were reconstructed using 6 algorithms, including filtered back projection (FBP), iterative reconstruction (IR), deep
learning (DL), FBP combined with smart metal artifact reduction (FBPMAR), adaptive statistical iterative reconstruction-
V combined with smart metal artifact reduction (IRMAR), and DLMAR. A quantitative analysis of CT values, noise,
signal-to-noise ratio (SNR), and contrast-to-noise ratio (CNR) was conducted in regions without metal artifacts and
regions with metal artifacts in the liver, as well as the tissues, including those from the liver, spleen, pancreas, and aorta,
between the two arms. Qualitative analysis of electrode metal artifacts, the visualization of the structures between the two
arms, and image noise was performed with a 5-point scoring system (1=worst and 5=best). Results In the regions of the
liver with metal artifacts, there was a significant difference between the CT values of the DLMAR group ([98.5+9.8]
Hounsfield units [HU]) and those of the FBP group ([73.7+5.6] HU), the IR group ([75.3+7.5] HU), and the DL group
([66.3£11.4] HU) (P<0.01). There was no significant difference between the CT values of the DLMAR group and those of
the FBPMAR group ([99.8+4.8] HU) and the IRMAR group ([99.6£3.4] HU) (P>0.05). The noise of the DLMAR group
was found to be significantly lower than that of the other groups (P<0.01). Furthermore, the SNR and CNR of the
DLMAR group were also found to be higher than those of the other groups (P<0.01). In the tissue region between the two
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arms, the differences in CT values among the six groups were not statistically significant (P>0.05). The noise of the
DLMAR group was lower than those of the other groups (P<0.01), and the SNR and CNR of the DLMAR group were
higher than those of the other groups (P<0.01). In terms of the removal of metal artifacts, the scores of the FBPMAR,
IRMAR, and DLMAR groups (4.27+0.32, 4.44+0.34, and 4.61+0.28, respectively) were higher than those of the FBP, IR,
and DL groups (1.36+0.54, 1.32+0.45, and 1.24+0.46, respectively) (P<0.01). The DLMAR group also had a higher score of

4.62+0.37 in the visualization of structures between the two arms and 4.53+0.39 in the noise reduction of images, both of

which were higher than those of the other groups (P<0.01). Conclusion DLMAR reduces artifacts, decreases noise, and

improves the quality of abdominal CT imaging in critically ill patients who are unable to raise their arms and require ECG

monitoring.
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Fig 1 Localized image of a critically ill patient's CT scan of the chest and

upper abdomen
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Fig 2 ROI setting in IR reconstructed image of the CT abdominal examination of a 70-year-old female patient

A is a one-layer 2.5 mm CT image of the patient's upper abdomen containing ROI 1, ROI 2, and ROI 3. B is a one-layer 2.5 mm CT image of the patient's upper

abdomen containing ROI 4, ROI 5, ROI 6, and ROI 7.
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Table 1 Grading scales for image quality evaluation

Image noise

Metal artifact

Display of structures between the two arms ~ Score

The noise is apparently and completely nondiagnostic

Heavy blurring of anatomical details due to significant noise ~ Artifacts more than acceptable level

The noise is noticeable but acceptable
The noise is observable

Almost no noise No artifacts

Acceptable level of artifacts

Artifacts less than acceptable level

Artifacts too heavy for image recognition Unable to display 1

Vaguely displayed 2
Visible display with poor edges and contrast 3
Visible display with good edges and contrast 4

Sharp edges and clear contrast 5
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Table 2 Results of quantitative analysis of image quality

Parameter FBP IR DL FBPMAR IRMAR DLMAR P
ROI 1 Attenuation/HU 101.442.9 101.8+2.2 102.742.5 100.1£2.5 101.242.5 101.8+1.8 0.54
SD/HU 19.8+1.8" 12.741.5° 10.5+1.2 19.3+1.6 12.6£1.5° 10.7+1.3 <0.01
CNR 10.2+0.9" 15.941.9" 19.3+2.3 10.4+0.9" 16.1+2.0° 18.942.4 <0.01
SNR 52+0.5" 8.1+1.0° 9.9+1.2 5.240.5° 8.2+1.17 9.6+1.3 <0.01
ROI2 Attenuation/HU 73.745.6 75.3+7.5" 66.3+11.4" 99.8+4.8 99.643.4 98.549.8 <0.01
SD/HU 23.9+4.3" 14.9+2.2" 19.7+5.4" 19.3+3.17 12.5+1.5 11.141.3 <0.01
CNR 7.4+1.4" 11.9+1.9° 9.1+3.1" 10.621.8° 16.042.1° 18.042.5 <0.01
SNR 3.240.6 5.2+0.9" 37414 5.3+0.9" 8.1+1.1° 9.0£1.5 <0.01
ROI 3 Attenuation/HU 136.042.9" 136.6+2.6 137.3+2.1 137.0+3.0 136.9+2.6 137.0+2.3 0.16
SD/HU 27.8+1.8 20.9+1.7 17.11.7° 25.6£1.5 19.6+1.7° 15.5¢1.5 <0.01
CNR 8.5+0.6° 11.3+1.0° 13.8+1.3" 9.3+0.6° 12.141.1° 15.4+1.4 <0.01
SNR 4.9+0.4 6.640.6 8.1+0.8" 5.4+0.3" 7.120.7" 9.0+0.9 <0.01
ROI 4 Attenuation/HU 100.1%3.5 99.3+10.1 100.8+2.4 101.3+2.2 101.5+2.3 101.242.7 0.48
SD/HU 27.0+1.9° 18.8+1.8" 14.1+1.7° 24.9+2.0° 16.8+1.8" 12.4%1.6 <0.01
CNR 7.420.6° 10.641.2° 14.3+1.8" 8.120.7 12.041.4° 16.442.1 <0.01
SNR 3.740.3" 5.3+0.8" 7.240.9" 41404 6.140.7" 8.3+1.1 <0.01
ROI 5 Attenuation /HU 245.744.3 246.8+3.9 247.8+4.4 245.4+3.6 246.6+4.2 2453452 0.51
SD/HU 25242.1° 19.142.2° 142416 24.1+1.9° 19.1+1.6" 13.9+1.7 <0.01
CNR 13.7+1.2" 18.1+2.2" 24.742.8 144211 18.2£1.6° 25.143.3 <0.01
SNR 9.820.8" 12,9416 17.742.0 10.3+0.8" 13.0£1.1° 17.942.4 <0.01
ROI6 Attenuation/HU 117.142.3 116.6+2.0 115.6+2.4 118.4+2.7 117.3+2.3 115.7+2.1 0.37
SD/HU 24.6£1.7 16.3+1.4° 14.2+1.5° 20.2+1.8 13.741.3° 12.5¢1.4 <0.01
CNR 8.80.6° 13.241.2° 15.241.6" 10.9+1.0° 15.9+1.6" 17.442.0 <0.01
SNR 4.840.3" 7.1+0.7" 8.2+0.9" 5.9+0.6 8.7+0.9° 9.4+1.1 <0.01

ROI: region of interest; HU: Hounsfield units; SNR: signal-to-noise ratio; CNR: contrast-to-noise ratio; FBP: filtered back projection; IR: iterative
reconstruction; DL: deep learning reconstruction; FBPMAR: filtered back projection combined with smart metal artifact reduction; IRMAR: adaptive statistical
iterative reconstruction-V combined with smart metal artifact reduction; DLMAR: deep learning reconstruction combined with smart metal artifact reduction.
P value for one-way ANOVA intergroup differences.” P<0.01, vs. DLMAR group.
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TE W T (0] 45 4 (2 /R 1590 4.62+0.37, 75 [R5 [ 15 7y
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Table 3 Results of qualitative assessment of image quality

Image quality FBP IR DL FBPMAR IRMAR DLMAR P

Metal artifact 1.36+0.54" 1.32+0.45" 1.24+0.46 4.27+0.32" 4.44+0.34" 4.61+0.28 <0.01
Display of structures between the two arms 333071 3.94+0.58" 4.5240.65" 3.41£0.55 4.23+0.47° 4.62+0.37 <0.01
Image noise 324057 3.66:053°  436:037  327:0.61  425:041 4533039 <001

The abbreviations are explained in the note to Table 2.

3 BE LISEICTHIARG (B, 79%, EWmf, &)
Fig 3 Upper abdominal CT image of the venous phase (a 79-year-old
comatose male patient struck and injured by a heavy object)
A, FBP; B, IR; C, DL; D, FBPMAR; E, IRMAR; F, DLMAR. Compared to the
other reconstructions, the DLMAR image has better clarity, less noise, less streaks

of artifacts due to lateral arms, and less metal artifacts.
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