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Correlation analysis between chest parameter response mapping and lung function in low-dose computed
tomography screening population

ZHOU Xiu-xiu, PU Yu, ZHANG Di, GUAN Yu, LIU Shi-yuan, FAN Li’
Department of Radiology, The Second Affiliated Hospital of Naval Medical University (Second Military Medical University),
Shanghai 200003, China

[ Abstract ] Objective To analyze the correlation between chest parameter response mapping (PRM) and forced
expiratory volume in one second (FEV,) in community population based on low dose-computed tomography (CT) screening.
Methods A total of 2 428 subjects who underwent low-dose CT screening in our hospital from Aug. 2018 to Jul. 2021 were
retrospectively enrolled. According to the emphysema index (EI), they were divided into non-emphysema group (E1<6%, n=
1 992) and emphysema group (E1=6%, n=436), and further divided into non-emphysema-+non-smoking group (=1 033),
non-emphysema-smoking group (#=307), emphysema-+non-smoking group (2=203), and emphysema-+smoking group

(n=165) according to their smoking history. The PRM parameters of the subjects were obtained through thin-layer CT
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post-processing, including whole lung volume, emphysema volume, functional small airway disease volume, normal lung
tissue volume, and the percentage of the latter 3 indicators in whole lung volume; total right lung volume, emphysema
volume, functional small airway disease volume, normal lung tissue volume, and the percentage of the latter 3 indicators
in total right lung volume; and total left lung volume, emphysema volume, functional small airway disease volume, normal
lung tissue volume and the latter 3 indicators accounted for the percentage of the total left lung volume, respectively. The
differences of the age, gender, body mass index (BMI), smoking history, FEV, and PRM parameters between the groups
with or without emphysema and the correlation between the PRM parameters and FEV, between the 4 groups were analyzed.
Results The age of subjects, the proportion of male patients and FEV, in the emphysema group were higher than those in
the non-emphysema group, while the BMI was lower than those in the non-emphysema group (all £<<0.05). The comparison
of PRM parameters between the emphysema group and the non-emphysema group showed that the percentages of normal
lung tissue volume in the volume of the whole lung, right and left lung in the emphysema group were smaller than those in
the non-emphysema group (all P<<0.001), while the other indexes were larger than those in the non-emphysema group (all
P<<0.001). In the emphysema-+smoking group, the normal lung tissue volumes of the whole lung, right and left lung and
their percentages in the total volume were weakly to moderately positively correlated with FEV, (,=0.258-0.482, all
P<0.001). The volumes of emphysema and functional small airway disease of the whole lung, right and left lung as well as the
percentages of the above 2 indicators in the total volume of the whole lung, right lung and left lung, respectively, were weakly
to moderately negatively correlated with FEV, (r,=—0.368-—0.189, all P<<0.05). Conclusion PRM parameters are different
in population with or without emphysema. In population with emphysema and smoking, PRM parameters have varying
degrees of correlation with FEV,. PRM is expected to become an early warning marker for screening high-risk groups with
airflow limitation.
[ Key words ] chronic obstructive pulmonary disease; computed tomography; quantitative imaging; pulmonary function test
[ Acad J Naval Med Univ, 2022, 43(7): 758-764 ]
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Tab 1 Comparison of basic information and pulmonary function parameters of subjects with or without emphysema

Index Non-emphysema N=1 992 Emphysema N=436 Statistic P value

Gender, n (%) 2 =175.603 <<0.001
Male 757 (38.0) 317 (72.7)
Female 1235 (62.0) 119 (27.3)

Agelyear, M (Q,, O,) 67 (62, 70) 68 (65, 70) —4.447 <0.001

BMI/(kgem ), M (Q,, Q) 24.34 (22.32,26.45) 23.94 (21.97,25.71) —2.478 0.014

Smoking’, 1 (%) 2 =170.835 <0.001
Yes 402 (23.8) 176 (44.9)
No 1289 (76.2) 216 (55.1)

FEV,/L, M (Q,, O,) 2.13 (1.81, 2.57) 2.39(1.97,2.84) Z=—6.400 <0.001

" Somking was defined as having a history of smoking, including ever smoking (=1 691 in non-emphysema group and n=392
in emphysema group). BMI: Body mass index (=1 584 in non-emphysema group and n=410 in emphysema group); FEV,: Forced
expiratory volume in one second (#=1 583 in non-emphysema group and =409 in emphysema group); M (Q,, O,): Median (lower

quartile, upper quartile).

®2 B. TMHSMHAZIKE PRM SHELER
Tab 2 Comparison of PRM parameters of subjects with or without emphysema

Median (lower quartile, upper quartile)

Parameter Non-emphysema n=1 992 Emphysema n=436 Z value P value
PRM""™"*/mL 4031.95(3429.14,4761.11) ~ 5315.87 (4 658.62,6009.62) ~ —20.223  <0.001
PRM™" ™Y /m 25.56 (6.16, 66.40) 231.83 (144.81, 389.70) —26.502  <0.001
PRM™"*™*?Y/mL 303.51 (110.25, 692.85) 762.91 (381.92, 1 428.20) —13.785  <0.001
PRM™™™V/m] 3481.46 (2882.87,4121.97)  3825.61 (3 214.55,4338.28) —5.968  <0.001
PRM""F™™ iy PRM™/% 0.64 (0.17, 1.52) 4.60 (2.93, 6.99) —26315  <0.001
PRM"™ 342V iy PRMM™/%% 7.62 (2.97,16.24) 14.79 (7.60, 25.90) —10.735  <0.001
PRM"" ™Y jn PRM™/% 90.24 (81.54, 95.38) 76.48 (63.50, 84.48) —18329  <0.001
PRM™ M /m[ 2 188.61 (1 868.45, 2 562.64) 2861.98(2495.14,3190.72) ~ —20.037  <<0.001
PRM"*™"/mL 11.47 (2.42,31.91) 107.89 (59.44, 192.91) —23.635  <0.001
PRM"®**/mL 162.78 (58.55, 366.97) 409.47 (181.62, 748.30) —12.110  <0.001
PRM"™™V/mL 1892356 (1565.49,2241.74)  2081.19 (1 763.72,2 371.15) —6.360  <<0.001
PRM ™™ jn PRM™RM /0, 0.55 (0.13, 1.40) 3.96 (2.26, 6.27) 23446 <0.001
PRM™™*?" in PRM"V™""¢/0/, 7.78 (2.91, 16.03) 14.34 (7.19, 25.70) —9.367  <0.001
PRM"™™ in PRM™H"/% 90.21 (81.80, 95.57) 77.68 (64.77, 85.93) —17.169  <0.001
PRM""*"¢/mL 1 837.50 (1 551.33,2206.03)  2467.93(2136.42,2838.61)  —19.824  <0.001
PRM"*"™/mL 12.51 (2.64,33.49) 122.87 (7197, 210.27) —26.070  <0.001
PRM"™**V/mL 128.41 (39.41, 325.29) 370.64 (165.97, 688.70) —13.588  <0.001
PRM ™™™V /mL, 1591.41 (1 293.44, 1 901.76) 1733.48 (1 448.81,2 005.17) —5239  <0.001
PRMEE™PY j1 pRMVEL e /0, 0.68 (0.16, 1.67) 5.06 (3.21, 7.85) —25.824 <<0.001
PRM"™*PY in PRM"Y""/0, 7.01 (2.35,16.61) 15.46 (7.49, 27.53) —10.771  <0.001
PRM"™™Y iy PRMEYH /0% 90.48 (80.37. 95.77) 74.86 (62.038, 83.97) —18.399  =0.001

PRMLVWhOle, PRMwholeEmphV, PRMwho]efSADV and PRMwho]eNorma]V’ PRMLVRtLung, PRMR[EmPhV, PRMRttSADV and PRMRtNormalV, and
PRM"""e pRM™*™™ PRM"®*?Y and PRM"™™" were the total volume, emphysema volume, functional small airway disease volume

and normal lung tissue volume of the whole lung, right lung, and left lung in PRM, respectively. PRM: Parameter response mapping.

23 PRM A& # 5 FEV, #4948 % M 547 1 708 14 WEHHZH (n=203) sZiEH, ifi. Al 20

%ﬁt%ﬂaffﬁﬁm#‘ﬁ PFT 25 5 e WA o8 A
Ho ZiE WA PRM ., BRIk CT PR B W
Bl 1, FETCIi A AR (n=1 033 ) 2k,

Sfifi . AR 22 I AR R R I R A AR
5 FEV, B2 IFEME (1,=0.388~0482, PH¥<
0.001) , T 4 fifi. A7 Bili. 22 Wl 64 il A A R
K Dy 8 /INIE e AR R B 5 FEV, &2 55 15 A ¢
(7,=0.060~0.109, P¥J<<0.05) . 7ETCHli= il
A (n=307) Zi &, &, A, 2
SRR E B A SR 5 FEV, 2 B IEAH ¢
(r,=0.358~0.440, P}J<<0.001) . 1l i A

SABUE R A LAY S FEV, 2 B IEAR G
(r,=0.448~0.627, P3<0.001) . 7E fifi < fib
AR (n=165) ZikX#Fh, M. . 250
(Y TE & il 41 SUAR B e AT o ol o A s L A i
2 il BARFUAS T 43 5 FEV, 255 2 o B IE A O
(r,=0.258~0.482, P¥J<<0.001) , i 4. 4
i« 2 it g i S A AR R R B /N AT e AR AR R
A e A, AR BRI E A e S
FEV, 255 2 H E ¢ (r,=—0.368~—0.189,
P¥J<0.05) o WL#% 3.
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B Uncategorized ®Normal B Uncategorized ®Normal B Uncategorized ®Normal B Uncategorized ®Normal
fSAD =Emphysema fSAD = Emphysema fSAD = Emphysema fSAD = Emphysema
D —600 05mL 2 —600 0.5mL 2 —600 0.5mL D —600 0.5 mL
< = < =
E E E E
g g g g
= = = =
|©) &) ) &)
= = = o
8 g S 2 » 2
g (== g g é z
‘2 950 ‘& 950 ‘B 950 - 2,
1 7] 17Z) 172} 1Z)
= 1024 omL ——1024 omL ——1024 omL ——1024
—856 —600 . 7856 —600 —856 —600 —856 —600
Expiration CT value/HU Expiration CT value/HU Expiration CT value/HU Expiration CT value/HU

K

A: Non-emphysema+non-smoking group (male, 74 years old, EI=1.9%, FEV,=2.26 L); B: Non-emphysema-smoking group

1A

B 1 448%iK&EKM PRM. KEERE CT HhE
Fig1 PRM and chest coronal CT pseudo-color images of subjects in 4 groups

(female, 72 years old, smoking for more than 40 years, EI=1.3%, FEV,=2.19 L); C: Emphysema-+non-smoking group (male,
71 years old, EI=8.0%, FEV,=2.38 L); D: Emphysemasmoking group (male, 70 years old, smoking for 50 years, EI=12.7%,
FEV,=1.98 L). The figures above are the PRM diagram of the subjects, and the figures below are the chest coronal CT pseudo-color
images of the same subjects after respiratory biphasic registration. PRM: Parameter response mapping; CT: Computed tomography;

fSAD: Functional small airway disease; HU: Hounsfield unit; EI: Emphysema index; FEV,: Forced expiratory volume in one second.

*& 3 PRM £#5 FEV, 8 Spearman <1441

Tab 3 Spearman correlation analysis between PRM parameters and FEV,

Non-emphysema Emphysema
Parameter Non-smoking n=1 033 Smoking n=307 Non-smoking n=203 Smoking n=165
7, P value 7, P value 7 P value 7 P value
PRM"Y"k 0.481 <0.001 0.413 <0.001 0.627  <0.001 0.159 0.041
PRM etV 0.097 0.002 0.008 0.888 0.094 0.180 —0309  <<0.001
PRM"OeBAPY 0.082 0.008 0.019 0.743 0.064 0.362 —0.258 0.001
PR\ "heleNormal 0.408  <0.001 0.396  <0.001 0.520  <0.001 0482  <0.001
PRM"MEmY iy pRMMY O 0.029 0.354 —0.059 0.304 —0.078 0.269 —0368  <<0.001
PRM"MBAPY iy pRMPYMN 0.002 0.954 —0.050 0.378 —0.059 0.405 —0.290  <<0.001
PRM"NemalY jy pPRMEYYE T —0.020 0.592 0.048 0.403 0.026 0.715 0331  <0.001
PRM"VRLme 0.461 <0.001 0.373 <0.001 0.550  <<0.001 0.152 0.051
PRMEmY 0.075 0.016 0.034 0.551 0.058 0.411 —0.201 0.010
PRMMEAPY 0.060 0.054 0.041 0.472 0.047 0.508 —0.189 0.015
PRMENomalY 0.388  <<0.001 0.358  <0.001 0.448  <0.001 038  <0.001
PRMRE™PY i pRVYRILne 0.019 0.546 0.025 0.668 —0.064 0.366 —0.244 0.002
PRMRSAPY i pRMFVRne —0.011 0.730 —0.023 0.694 —0.051 0.473 —0.219 0.005
PRMR™™Y i pPRM™YVRM™E —0.005 0.873 0.027 0.633 0.025 0.722 0.258 0.001
PRMVHtene 0.482 <0.001 0.440 <0.001 0.622  <0.001 0.142 0.068
PRMMEmPY 0.109 <0.001 0.003 0.961 0.110 0.120 —0309  <<0.001
PRM"BAPY 0.091 0.003 0.013 0.815 0.073 0.298 —0.278  <0.001
PRM"NomatY 0.410 <0.001 0.416 <0.001 0.560  <<0.001 0478  <0.001
PRM"*™" jn PRMVH e 0.040 0.196 —0.071 0.216 —0.069 0.325 —0.362  <0.001
PRM"®APY jn pRM"VHme 0.015 0.632 —0.057 0.319 —0.070 0.324 —0.314  <0.001
PRM"™™" jn PRM™"M"  —0.036 0.248 0.062 0.282 0.026 0.714 0342  <0.001

PRMLthole PRMwholeEmphV PRMWho]efSADV and PRMwhoIeNormalV PRMLVRtLung PRMRtEmphV PRMRtf‘SADV and PRMRtNorma]V and
PRM"H"e pRMME™Y PRMMSAPY and PRMM™™ were the total volume, emphysema volume, functional small airway disease
volume and normal lung tissue volume of the whole lung, right lung, and left lung in PRM, respectively. PRM: Parameter response

mapping; FEV,: Forced expiratory volume in one second.
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