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Differential value of IVIM-DWI whole-lesion histogram parameters for benign and malignant solitary pul-
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[Abstract] Objective: To investigate the diagnostic value of whole-lesion histogram parameters
of intravoxel incoherent motion (IVIM) in differentiating benign and malignant solitary pulmonary
nodules (SPN). Methods: Ninety patients with SPN whose diagnosis was difficult to be confirmed by
CT underwent further MRI examination were retrospectively included in the study. According to pat-
hological results,SPN was divided into benign group (30 cases) and malignant group (60 cases). The
differences of IVIM (D,D* ,f) and ADC values of whole-lesion histogram parameters between benign
and malignant SPN groups were compared by two independent sample ¢-test (normal distribution) or
Mann-Whitney U-test (non-normal distribution). The receiver operating characteristic (ROC) curve
was used to evaluate the diagnostic efficacy of the histogram parameters,and the Del.ong method was
used to compare the AUC of each histogram parameter. Spearman rank correlation was used to analyze
the correlation between whole-lesion histogram parameters and malignant SPN. Results: The values of
histogram parameters of D and ADC including mean,standard deviation,10th Percentile,90th Percen-
tile, Interquartile Range, maximum, median, minimum, range, energy, entropy, uniformity and variance
in malignant group were significantly lower than those of benign SPN (all P<C0. 05) ;and All of them
were negatively correlated with malignant SPN (all P<Z0. 05). All the histogram parameters of D and
ADC could effectively distinguish benign and malignant SPNS,and there was no significant difference
YE& B AL:404000 FE PR, T PR K 2% B = 0ok I o S ) (i) 8 W 28 5 A 200 3005 ) 5637100 DU I e 3, I b B2 22 B 2 24 S 4R

2Bt () 8 VZR5°) 5400030 HE PR, PR BE S B (B 40D

{’E%mjn [']ﬂﬁ(l@)%'*)»ﬁ‘»ﬁﬂjb@ﬁﬁ/\,ﬁﬁiﬁﬁ%ﬁi7@[%@%733%U\$H@ AR W FE I TAE.
BIEE .Y L ,E-mail:422817593@qq. com



1540 T 2F Sz 2023 4F 12 A% 38 #45 12 ] Radiol Practice, Dec 2023, Vol 38,No. 12

in AUCs of them (P>>0.05). The combined model established by multiple whole-lesion histogram pa-

rameters of D value had the highest performance in predicting malignant SPN, with AUC of 0. 966,

sensitivity of 88. 3% ,and specificity of 96. 7%. Conclusion: The whole-lesion histogram parameters of

D value in IVIM-DWI can effectively distinguish benign from malignant SPNS,and the diagnostic effi-

cacy is better than that of ADC histogram parameters. The diagnostic efficacy of combined model of

multiple whole-lesion histogram parameters of D value is higher than that of single parameter.

[Key words] Solitary pulmonary nodules; Intravoxel incoherent motion; Histogram analysis;

Magnetic resonance imaging; Lung cancer
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%1 R % SPN 4 DWI A IVIM-DWI 4 3t 2 5 & 77 | 5 HUH 8 1 5
By B A R M SPN £8 (n=30) Z 1t SPN 48 (n=60) t/Z 18 e 1
D/ X10 *mm?/s
Mean 1.308(0.961~1.438) 0.802(0.692~0.905) —6.437  <C0.001
SD 0.224(0.128~0.323) 0.132(0.087~0.187) —3.342 0.001
P10 1.000€0. 797~1.121) 0.661(0.505~0.738) —5.144  <C0.001
P90 1.552(1.282~1.776) 0.988(0.873~1.143) —6.809  <C0.001
IQR 0.313(0.161~0. 445) 0.162(0.113~0.228) —3. 300 0.001
Maximum 1.701(1.387~1.959) 1.125(0.982~1. 254) —6.544  <C0.001
Median 1.293(0.976~1.438) 0.793(0.671~0.891) —6.343  <C0.001
Minimum 0. 896(0.584~1.046) 0.536(0. 384~0.659) —4.391 <C0.001
Range 0.871(0.481~1.217) 0.556(0. 350~0.792) —2.953 0. 003
Energy 5.880(3.116~9.390) 2.422(1.625~3.654) —4.853  <C0.001
Entropy 4.05340. 557 3.71940. 496 2.893 0. 005
Kurtosis 2.541(2.173~3.332) 2.777(2.204~3.491) —1.130 0. 259
Skewness 0.16140.672 0.15940. 697 0.014 0.989
Uniformity 0.603(0.494~1.026) 0.848(0.671~1.155) —3.060 0.002
Variance 0.503(0.165~1.045) 0.174(0.076~0. 351) —3. 347 0.001
D*/X10 *mm?/s
Mean 0.730(0.544~1.142) 0.706(0.496~0.995) —0.959 0.338
SD 0.476(0.409~1.003) 0.485(0. 332~0.943) —0.359 0.719
P10 0.080(0.000~0.402) 0.011¢0.000~0.197) —1.322 0.186
P90 1.374(1.081~1.862) 1.191¢0.937~1.913) —1.078 0.281
IQR 0.659(0.439~0.796) 0.617(0.464~0.837) —0.158 0.874
Maximum 2.099(1.550~4.013) 2.129(1. 374~4.089) —0.180 0. 857
Median 0.692(0. 432~0. 863) 0.569(0.367~0.810) —1.327 0.185
Minimum 0(0~0) 0(0~0) —0.484 0.628
Range 2.097(1.547~4.013) 2.062(1.374~4.078) —0.377 0.706
Energy 3.216(1.802~7.451) 3.667(1.368~8.814) —0.163 0.871
Entropy 4.343(3.918~4.803) 4.363(3.806~4.734) —0.599 0. 549
Kurtosis 3.597(2.432~5.258) 3.802(2.463~7.547) —0.916 0. 360
Skewness 0.746(0. 404~1.228) 0.940(0.295~2.128) —1.215 0.224
Uniformity 0.589(0.386~1.013) 0.584(0.440~1.062) —0.569 0.569
Variance 2.268(1.675~10.061) 2.357(1.103~8.896) —0.359 0.719
f
Mean 0.205(0.126~0.259) 0.187(0.116~0.276) —0.094 0.925
SD 0.116€0.069~0.179) 0.109€0.079~0.172) —0.043 0.966
P10 0.002(0.000~0.091) 0.003(0.000~0.082) —0.119 0. 905
P90 0.367(0.217~0.512) 0.345(0.228~0.519) —0.090 0.928
IQR 0.157(0.093~0.323) 0.164(0.098~0.279) —0.098 0.922
Maximum 0.483(0.295~0. 600) 0.448(0.322~0.625) —0. 300 0.765
Median 0.155(0.098~0.290) 0.173(0.115~0.269) —0.261 0.794
Minimum 0.000(0.000~0.030) 0.000(0.000~0.002) —0.610 0.542
Range 0.4450.276~0.569) 0.425(0.306~0.567) —0.394 0.694
Energy 0.21500.056~0.400) 0.183(0.100~0. 375) —0. 154 0.878
Entropy 3.385(2.695~3. 71D 3.368(2.987~3.655) —0.103 0.918
Kurtosis 2.191(1.875~2.837) 2.508(1.938~3.110) —1.215 0.224
Skewness 0.334(—0.227~0.726) 0.196(—0.119~0.781) 0. 300 0.765
Uniformity 1.1970.947~1.735) 1.197(0.967~1.593) —0.111 0.911
Variance 0.135(0.048~0.322) 0.119¢0.062~0.296) —0.043 0.966
ADC/ X 10 *mm?®/s
Mean 1.529(1.231~1.732) 0.906(0.811~1.048) —6.496  <C0.001
SD 0.300€0. 157~0. 554) 0.174(0.109~0.273) —3.056 0. 002
P10 1.097(0.841~1.324) 0.714(0.573~0. 828) —5.521 <0. 001
P90 2.02040. 665 1.200£0. 277 6.479 <0.001
1QR 0.361(0.201~0.602) 0.211¢0.130~0.331) —3.158 0.002
Maximum 2.196(1.594~2.937) 1.279(1.161~1.595) —5.542  <C0.001
Median 1.459(1.145~1.696) 0.902(0.781~1.051) —6. 381 <0. 001
Minimum 0.926(0.710~1.214) 0.617(0.459~0.760) —4.272 <C0. 001
Range 1.125(0.581~1.973) 0.694(0.434~1.069) —2.816 0. 005
Energy 9.782(3.539~14.008) 3.449(2.097~4.836) —4.750  <C0.001
Entropy 4,23740. 655 3.93240. 487 2.258 0.029
Kurtosis 2.673(2.197~3.364) 2.827(2.397~3.527) —0.728 0.467
Skewness 0.41540. 694 0.50140. 604 —0.606 0. 546
Uniformity 0.585(0.417~0. 850) 0.754(0.569~0.999) —2.653 0.008
Variance 0.901(0.249~3.072) 0.303(0.118~0.743) — 3. 056 0.002
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%2 AHEFESHE THSPN A AR RSB R A

Ar BAK HE R it AUC  #BE HRE

D
Mean —0.682 1.144 X 10 *mm/s 0.918 100.0% 66.7%
SD —0.354 0.232X10 *mm/s 0.652 86.0% 47.6%
P10 —0.545 0.795X10 *mm/s 0.834 86.7% 76.7%
P90 —0.722 1.282X10 *mm/s 0.942 100.0% 76.7%
IQR —0. 350 0.242X10 *mm/s 0.714 81.7% 63.3%
Maximum —0.694 1.403X10 *mm/s 0.925 98.3% 76.7%
Median —0.672 0.939X10 *mm/s 0.912 81.7% 83.3%
Minimum —0. 465 0.742X10 *mm/s 0.785 91.7% 66.7%
Range —0.313 0.736X10 *mm/s 0.692 73.3% 63.3%
Energy —0.514 3.896X10 *mm/s 0.815 83.3% 70.0%
Entropy —0.279 4.112X 10" *mm/s 0.671 78.3% 56.7%
Uniformity 0.324 0.582X10*mm/s 0.699 90.0% 50.0%
Variance —0.355 0.328X10 *mm/s 0.717 75.0% 66.7%
BRAREAD — — 0.966 88.3% 96.7%

ADC
Mean —0.689 1.159X10 *mm/s 0.922 91.7% 80.0%
SD —0.324 0.770X10 *mm/s 0.856 70.0% 90.5%
P10 —0.585 0.967X10 *mm/s 0.858 91.7% 66.7%
P90 —0. 646 1.469X10 *mm/s 0.896 83.3% 80.0%
IQR —0.335 0.476X10 *mm/s 0.705 90.0% 46.7%
Maximum —0.587 1.588X10 *mm/s 0.860 75.0% 80.0%
Median —0.676 1.152X10 *mm/s 0.914 93.3% 76.7%
Minimum —0.453 0.796X10 *mm/s 0.777 83.3% 66.7%
Range —0.298 1.678X10 *mm/s 0.683 95.0% 40.0%
Energy —0.504 6.816X10 *mm/s 0.808 93.3% 63.3%
Entropy —0.238 4.561X10 *mm/s 0.646 91.7% 43.3%
Uniformity 0. 281 0.431X10 *mm/s 0.672  93.3% 33.3%
Variance —0.324 0.842X10 *mm/s 0.698 81.7% 56.7%
RO — — 0.939 98.3% 76.7%
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