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[ Abstract] Objective To investigate the effect of Karl iterative reconstruction on CT image
quality enhancement. Methods (D Phantom study: A 120 kVp/140 mAs tube current was set as the
standard radiation dose. Low-dose setting is implemented with a 50% current reduction, i.e., 70 mAs,
whereas the voltage is set to 120 kVp. Two experimental groups with algorithms of filtered back
projection(FBP) and Karl iterative reconstruction(with a noise reduction of 1-9 levels) were compared.
The noise power spectrum(NPS) and standard deviation metrics were adopted to assess the noise
degree. @ Clinical study: In the phantom study, 120 patients, including 61 males and 59 females with
ages ranging from 35 to 75 and a BMI 0f(23.95+0.27) kg/m’, were recruited and randomly divided into
two groups: standard dose and low dose. These groups were scanned via FBP and Karl iterative
reconstruction at level 5(Karl 5), respectively. The image qualities of the two groups were assessed
with various objective metrics, such as CT dose index of volume(CTDIvol), dose length product(DLP),
effective dose(ED), and signal-to-noise ratio(SNR), as well as by human subjective evaluation. Student
t-test was adopted to assess the significance of difference for the values of objective metrics from the
two groups, whereas subjective evaluation was quantified with an y* test. Results (D Phantom study:
With the standard dose, the average noise degree for Karl iterative reconstruction was lower than that
for FBP. With an increased level of Karl iterative reconstruction, the noise degree will be
lowered(#=5.14-47.50, all P<0.01). Referring to the NPS curves, the Karl 1-9 algorithm can attain the
goal of noise reduction and remain keep the image texture unchanged(+=2.49, P=0.42). With the low
dose, i.e., 50% current reduction, the image noise[(6.40+0.16) Hu] of Karl 5 was close to
that[(6.30+0.38) Hu] of FBP with insignificant difference(r=28.34, P=0.423), compared with other
levels of Karl iterative reconstruction. Meanwhile, the magnitudes of NPS curves for Karl 5 and FBP
insignificantly differed. (2 Clinical study: The CTDIvol[(5.56+0.01) mGy] and DLP[(170.74+
18.40) mGy-cm]value of the low-dose group were significantly lower than those[(11.06+0.01) mGy,
(348.934£26.16) mGy-cm] of the standard-dose group(r=4757.7, P=0.003; =39.23, P=0.005). The ED
values[(2.58+0.16) mSv] of the low-dose group were significantly less by 51.5% than those
[(5.01+0.17) mSv] of the standard-dose group(z=37.94, P=0.004). The noise degree and SNR values for
images from Karl 5 with low dose and FBP with standard dose were insignificantly different(noise
degree, =0.24, P=0.38; =1.51, P=0.70; SNR, r=0.45, P=0.45; =0.08, P=0.72). The results of
subjective quality assessments for the images from Karl 5 and FBP were insignificantly different in
terms of the usage of mediastinum(y’=2.32, P=0.317; x’=1.38, P=0.268) and lung(y’=0.97, P=0.614;
1=0.59, P=0.760 ) window settings for image reading. Conclusions Karl iterative reconstruction at
different levels can effectively reduce noise with different degrees. For the 50% current reduction to
70 mAs, the image quality of Karl 5 is comparable with that of standard-dose FBP.

[ Key words ] Tomography, X-ray computed; Iterative Reconstruction; Chest; Filtered back
projection
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Table2 Image noise comparison between filtered back

projection and Karl 1-9 iteratie reconstruction technique

images of regular dose (x=+s)

EEEA  EEES (H) A PE
FBP 6.30+0.38 - -
Karl 1 5.90+0.12 5.14 0.003
Karl 2 5.60+0.13 9.93 0.003
Karl 3 5.30+0.13 14.90 0.005
Karl 4 4.95+0.11 2220 0.005
Karl 5 4.70+0.11 26.64 0.006
Karl 6 4.45+0.11 31.08 0.007
Karl 7 4.15+0.10 37.68 0.007
Karl 8 3.95+0.09 4275 0.008
Karl 9 3.7020.09 47.50 0.009
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Table 3 Image noise (man and standard deviation) comparison

between low dose Karl 1-9 iteratie reconstruction technique

images and regular dose filtered back projection images (x+s)

HHHOR  ERIEA (Hu) e P{H
FBP 6.30+0.38 - -
Karl 1 8.20+0.19 7.44 0.005
Karl 2 7.80+0.19 11.13 0.007
Karl 3 7.40+0.17 16.70 0.008
Karl 4 7.00+0.17 24.20 0.009
Karl 5 6.40+0.16 28.34 0.423
Karl 6 6.40+0.17 32.08 0.382
Karl 7 6.00+0.15 44.85 0.012
Karl 8 5.60+0.13 48.75 0.005
Karl 9 5.15+0.14 49.45 0.004
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Table 4 The general information and CT scanning radiation dose of two groups subjects

215 Bl AR BMyelE)  ARKE(em)  BMI(kg/m')  CDTIvol mGy) DLP (mGy-em)  ED (mSv)
WRAEA 60 53.07+51.93 32/28 32.3842.57 23.80+2.57  11.06+0.01 348.93+26.16 5.01£0.17
ik 60  54.03+3.76 34/26 30.66+3.41 23.14+2.63 5.56£0.01 170.74+18.40 2.58+0.16
Ky a8 =0.53 2£=0378 =1.236 1=0.046 =4757.7 =39.23 =37.94
PfH 0.576 0.654 0.225 0.977 0.003 0.005 0.004
FE: &, BMI: BARETREG CDTIvol: CT ABUHIEFES; DLP: FEKERM; ED: ARUREHH&
F5 120 BIZKFH AR FBP Fl Karl 5 9% 35 AR AN B MR I MRS FI{E 1 U252 (=45, Hu)
Table 5 Noise and signal noise ratio of image measured by filtered back projection and Karl 5 iterative
reconstruction techniques with different dose of 120 patients ( i+s, Hu)
3 17 (Hu) fEME
F+EBkK R Bk FEEBK K3k
H R =2 (140 mAs FBP) 10.00£1.67 11.23+2.43 4.40£0.96 3.72+1.13
RHIE2H (70 mAs Karl SFEACTRHERA) 9.82+1.68 11.35+2.95 4.60+1.02 3.76+1.14
A4 (70 mAs FBP) 15.1742.58" 17.3543.83" 2.97+0.66" 2.38+0.64°

W F, o SEHIRE R, 2RAG%EE (=532, 427, 3.88, 3.26, P=0.003. 0.004. 0.005. 0.005). FBP: JEMIH%%.
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Table 6 Result of 5-grade subjective evaluation of image quantity based on filtered back projection and Karl iterative
reconstruction techniques with different dose of 120 patients
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