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Usage of quantitative CT in evaluating the degree of lung
destruction in lymphangioleiomyomatosis

SONG Xi-xi*, WANG Jian*, CAI Hui, YANG Cheng-yu, MO Yu-qing,
ZHU Meng-chan, ZHU Gui-ping, YE Ling, JIN Mei-lingA
(Department of Pulmonary and Critical Care Medicine,Zhongshan Hospital , Fudan University , Shanghai 200032, China)

[ Abstract] Objective To quantify the degree of pulmonary cystic damage in CT and compare its
correlation with pulmonary function tests (PFTs) and serum levels of vascular endothelial growth factor
(VEGF-D) , and to study the potential of quantitative CT to assess the degree of lung damage and decide
treatment in lymphangioleiomyomatosis (LAM). Methods Pulmonary cystic areas in CT images were
identified by the artificial intelligence software.The volumetric percentage of cystic regions of the total lung
volume was calculated to get a cyst score. The association between the 36 times of CT scan and PFTs were
analyzed in 21 patients. The correlation of serum VEGE-D levels of 17 patients and their 24 times of CT
scan were studied.A ROC curve was calculated to select the threshold at which the cyst scores could predict
the lung impairment best. Results Cyst scores correlated significantly with percentage of predicted
forced of expiratory volume in one second (FEV1%pred) (r=-0.72, P<C0.001) and percentage of
predicted diffusion capacity (DLCO/V A % pred) (r=—-0.821, P<C0.000 1), while its correlation with serum
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VEGF-D levels (r=-0.143, P=0.506) was not obvious. The Youden index is max (0.667) with a 94.44%

sensitivity and a 72.22% specificity when cyst score is 15.80%. Conclusion Pulmonary cyst scores on
CT is strongly correlated with FEV1%pred and DLCO/V A % pred. However, the association with serum
levels of VEGF-D is not obvious. Cyst score>15.80% might indicate an abnormal lung function and
patients are recommended a sirolimus treatment.
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mTOR) & A& 1 (mTOR complex 1, mTORC1) i
JE S A, HE TR S 0 4 A S E RRIAETE Y . R
AR - T LR 200 1 (T A 40 0 ) A fifi 3 32 10 5 | /e <
1 BH JE RN R Ve AR RO . BRE IR R
8 AT P o e O I DRI S SR AR B A PR RN
7O 1 4 L B T g L 55, O B 2 BN I s v

PEAL LAM K& il 8 52 22 7 5 A% B 0 o ) 7 i
A B ki A i D) fE B iR 3 BE R CT (high
resolution computer tomography , HRCT ) %7 IfiL i
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C  Integral of density distribution percentage of bilatery lungs
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A :Histogram of the density distribution percentage of the lungs; B : Ratio of cystic area (low-density area with a threshold lower than -950 HU)

in the lungs is estimated from the area of the histogram on the left of —950 HU ; C: Histogram obtained by integrating the percentage of the density

distribution of the lungs; D :Ratio of the cystic area in the lungs is estimated from the ordinate corresponding to the -950 HU column.
E1 LAMBEHMEEESME S E 2R
Fig1 Percentage and integral of lung density distribution in bilateral lungs of patients with LAM
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The percentage of the total lung area colored with an attenuation <<-950 HU (depicted) is 22.96%.
B2 ECTE&(EZ)SMESEEHHAEE(R)
Fig2 CT image (left) and pseudo-color image (right) with data segmentation

F1 BHEEHTERMM R MRS
Tab 1 Software automatically calculates the proportion of

cysts in each lung lobe and the whole lungs

Whole lung 4383.37  1006.22 (22.96% ) -830.70
Right lung 2366.93  553.44 (23.38%) —834.67
Left lung 2016.43  452.78 (22.45%) —-826.04
Right upper lobe 866.84  181.81 (20.97%) -839.85
Right middle lobe 381.41  135.67 (35.57%) -870.68
Right lower lobe ~ 1118.65  235.96 (21.09% ) -818.39
Left upper lobe 1072.85  256.60 (23.92%) —-839.42
Left lower lobe 943.58  196.17 (20.79%) -810.82
A
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B Th € #1 VEGF-D 7k F FEV1%pred Al
DLCO/VAY% pred ) F ¥ {85 4% % K 70.37% +
18.14% H161.10% *26.67% . Il 7§ VEGF-D 7K -
RN 1 077(727~1777) pg/mL.

ERTHE5HMTENXERE HEWFSSE
FEV1Y%pred (r=-0.716, P<<0.000 1) Fl DLCO/
VA Y% pred (r=-0.821, P<C0.000 1) £ g 2 #f 3¢ (&
3), 5 VEGF-D /K ¥ Jo B & A 5C ¢ & (r=
-0.143,P=0.506) (¥ 4) . &5 R it 8 IF 615 200
ROC ik , FEV1 %pred<<70% #% & S 0 fii 2 g %
POREZR=1), HRIEIF5 R 15.80% B, R
BN 94.44 %, K S MO 72229, & 8 B
(0.667) -
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Cyst scores are significantly correlated with FEV 1% pred and DLCO/V A %pred (n=36).
3 FifITES 5 FEV1%pred $1 DLCO/VA%pred B 18 % % &
Fig3 Correlation between cyst scores and FEV1%pred (A) and DLCO/VA%pred (B)

AR FEITE T LAM A i) r fid 350 40 1 453 55 1) 7
JFEIFRIE T L5 5 il D RE AL VEGE-D K

S Z IR A DG o A IS R B« (1) fili 4 1 i
5 FEV1 Y%pred #1 DLCO/VA % pred 5 i #] 56
K F ;5 (2)LAM B B VEGF-D /K- 5 ili 355 4 4 6t
5 Z 18 JC B R OGO AR 5 (3) B IV 43 AT AR 2 i
B VR0 R BE BT AR AR L B PE 43 15.8 260 AT g D)
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Cyst scores have no obvious correlation with VEGF-D (n=24).
4 FETHEVEGF-DHBEXXR
Fig 4 The correlation between cyst scores and VEGF-D
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FEV1%pred<<70% was defined as impaired lung function (state
variable=1). The area under the ROC is 0.877+0.061 (95%CI:
0.758-0.995). The max Youden index is 0.667 when the cyst score is
15.80% with a sensitivity of 94.44% and a specificity of 72.22%.

BE5 FeiEiTa Tk ihIaE = R A E ROC H £

Fig5 ROC curve of cyst scores in evaluating the lung damage
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