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Application study of quantitative parameters of small pulmonary vessels on CT in
evaluating different types of pulmonary hypertension
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[Abstract] Objective: To investigate the clinical value of small pulmonary vessels parameters measured by chest CT in evaluating
the classification of different types of pulmonary hypertension (PH) and the severity grading of connective tissue disease s -related
pulmonary hypertension (CTD-PH). Methods: A retrospective analysis included 170 PH patients, including 60 CTD-PH patients, 52
idiopathic PH (IPAH) patients, and 58 chronic obstructive pulmonary disease - related PH (COPD - PH) patients, with 120 healthy
controls (HC)included as controls. The ratio of the sum of the cross-sectional area (CSA) of small pulmonary vessels with CSA <5 mm’
(% CSA<s) and between 5 to 10 mm® (% CSAs_1y) to the total CSA of the lung measured by chest CT was compared among the four
groups using one-way ANOVA or Kruskal-Wallis test, followed by pairwise comparisons. Receiver operating characteristic (ROC) curve
analysis was used to evaluate the performance of %CSA for differentiating mild to moderate CTD-PH (CTD-LM-PH) from severe CTD-
PH(CTD-S-PH) patients, and calculate the area under the curve (AUC), sensitivity and specificity. Results: The %CSA of the IPAH
and COPD-PH groups were significantly lower compared to the HC group (P < 0.001). Additionally, the % CSAs.i of the COPD-PH
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group showed a significant decline compared to the HC group (P=0.038) , whereas the %CSAs.,, of the CTD-PH and IPAH groups was

significantly high compared to the HC group (both P < 0.05). In comparisons between different types of PH groups, the %CSA.s and %
CSAs. 1 of the CTD-PH group were higher than those of the COPD-PH group (P < 0.001). The % CSAs. 1 of the IPAH group was
significantly higher than that of the CTD-PH group (P=0.022) , while there was no significant difference in the % CSA.s between the
IPAH and COPD-PH groups (P=0.833). The %CSAs of CTD-S-PH group was significantly lower than that of CTD-LM-PH group (P=
0.004). The ROC curve analysis showed that the optimal cutoff value for % CSAs to predict CTD-S-PH was 0.804, with an AUC of
0.710095%CI: 0.573-0.847) , sensitivity of 0.714 and specificity of 0.320. Conclusion: The quantitative parameter %CSA assessed by
chest CT can distinguish different types of PH. The %CSA s can serve as a reference for evaluating the severity of CTD-PH.
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C D,

A:The lung field was segmented using thresholds between —1 024 and =500 HU on each CT image. B: Segmented images were converted into binary

images with window level of =720 HU, and small pulmonary vessels were indicated in black. C, D: Based on the binary images, small pulmonary vessels
with CSA <5 mm*(C) and CSA between 5-10 mm*(D) were automatically identified (black dots).
1 Image J 54N E /i IE CSA
Figure 1 Measurement of CSA of small pulmonary vessels using Image J
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Table 1 Demographic data of patients in each group
Variable HC(n=120) CTD-PH (n=60) IPAH(n=52) COPD-PH(n=58) Fiy P
Age(years,x £s) 39.88 + 13.30 41.06 £ 15.10 38.75 + 14.00 68.60 +9.90 94.18 <0.001
Male[n(%) ] 10(8.33) 5(8.33) 15(28.80) 20(34.48) 12.59 0.006
mPAP(mmHg, x £ ) - 44.83 £9.53 54.69 £ 17.11 67.58 + 15.53 36.92 <0.001
2 HREHEBEAI%CSA K MPA/AAo
Table 2 Comparison of %CSA and MPA/AAo among patients in each group
Variable HC(n=120) CTD-PH (n=60) IPAH(n=52) COPD-PH (n=58) H/F P
MPA/AAo(x £ 5) 0.84+0.13 1.36 £ 0.26 1.44 + 0.30 0.86 +0.18 160.12 < 0.001
%CSASLM(Pss, Prs) ] 0.81€0.72,0.94)  0.85(0.51,1.08)  0.50€0.35,0.70) 0.43(0.30,0.71) 69.45  <0.001
%CSAs- o[ M(Pss, Ps)]  0.2900.24,0.39)  0.41(0.25,0.53)  0.52(0.39,0.63) 0.24(0.17,0.31) 2598 <0.001
P=0.023
' P=1.000 12- P<0.001
2.04 P<0.001 10 'P=0.022 . P<0.001
s A£=0008 - pog 601 0.8 ] L0001, o058
3 T P=0.833 <00L, . —‘7 7
£ 1.0 <l
= o -~ — T 041 %l
0.2 1
1L T T 1T 1

CTD-PH  IPAH COPD-PH  HC

CTD-PH  IPAH COPD-PH  HC

B2 FEZEE PHZ [8%CSAs F1%CSAHIE F LA
Figure 2 Comparison of differences in %9CSA;_,, and %CSA s between different types of PH
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FEEH0.32004) .
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A-C: CT image of the CTD-PH patient(A), %CSAs=1.50(B), %CSA;s.,=0.28 (C). D-F: CT image of the IPAH patient (D), %CSA=0.74(E), %
CSAs.10=0.28 (F). G-I: CT image of the COPD-PH patient(G), %CSAs=1.39(H), %CSAs.,=0.61(D).
3 CTD-PH(A~C), IPAH(D~F)} COPD-PH(G~D) £ BIfifi/ ] [ E % CSA 7=l
Figure 3 Example of %CSA of small pulmonary vessels in patients with CTD-PH(A-C), IPAH(D-F), and COPD-PH(G-1)

1.0

Sensitivity

O T T T T
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1-Specificity
The area under the ROC curve was 0.710(95%ClI: 0.573-0.847).
The optimal cut-off value of % CSAsto predict CTD-S-PH was 0.804,

with a sensitivity of 0.714 and a specificity of 0.320, respectively.
4 %CSA<iZ# CTD-S-PH 81 ROC gh £k 73 47
Figure 4 ROC curve analysis for diagnosing CTD-S-PH
with %CSA s

1] A 184 5 0 s ) fik B R 98 4 i DR o 11 0 B I
JE3A M, Btk LA, COPD-PH ZHA4F 3 5K, T BE &
SRS TGN, M LA I PN AT A A R R Y
(A I COPD-PH £ # % CSA AR AT fE 5 4F % 1 41
Fo 1M IPAH 21 1 % CSA s ) FEAK 1T BE -5 WLYE it /N 5h

ik VA B 338 A BT Ay RES 2T 44 A, 5 S0 A A s e A B
BHIEH S, MM, CTD-PH 4RI HC 4H A %CSA 2.
V) 22 5 T Ge vt 75 50, T RE S WL I 6 A 4 F4] 2 A
SRR I/ 9% PR 9K 3G A= (R F BT

CSA 5~10 mm® 2 [B] [ fili i 5 = B py 54 P i
. COPD i (A8 Ik B A il S M Al fe £ S5
Py 35K, M S 3 I 7 (I 2 /N AR I I
TOJEN I 2R, e 530 COPD-PH H 34 %CSAs. [%
RN, IPAH AT CTD-PH R4S AE 2 I 85 e 4 A i
AU B HE B R I T 20 Mk v A P 0 R UL
Ak B2 LB R 3 ik A B R I AR PR A A
TR WEFPAS AL mT DU AR E BN S 5 A, AT
FH%CSAs . AEGHIRIE MPA/A Ao fH TG
[X 43 IPAH % CTD-PH, #R1fi IPAH ZH1#)%CSAs- o 151 T
CTD-PH 21, &7 fifi /N ML 9% CS Ao B ALK L 2
A7, 0] e 5 RRUR HL R B S B TPAH 2 CTD-PH AN [F]
2P A998 B 22 AR

AW KL CTD-LM-PH 41 (/1% CSA s i 35 5
T CTD-S-PH 41, 3 B AN [RIF% FE fit 2 Jik & 77 0] e 3
SBR[ [ fifi /S ML 2038 . CTD-S-PH 4Lt 3 ik & /7
B, AT BE S 3 CSA<S mm? H il LI /D 50 ik 7™ 25 Y



54455 6 1 =
202446 A B ERR SR (H

AW, 5Kk HL 3Kk 7, S5 CT /NI 52 1 S 30Tk AN (R 28 it s fok en I F oz FEAE 7 L .
IREVFIRD , 2024, 44(6) : 832-837

- 837 -

JES 358 AE R AT S Ab . A B Bk A L 2 PR B, R
ok gt I A SORE R ARk . AR ZH BE A 1 —
THURIE 72 ¥ R B, %CSA T g A2 VPl PH ™ 5 R B 1A
ROE RS H, AW TS At — PR S T 22 BT it
Fakieh,

AWFRA LN RBRTE. BE5E, COPD-PH &% &
2 &b fE——RHC 12 b, IX 7] 2 3 2 COPD-PH (1]
SR TERS A R B BLEIRIRSE B T/E+, RHC
A H FH T COPD-PH 1112 Wi, H A% 4199 1] H (1)
COPD-PH #H¥) & b I R ¥5 7 #6112, R = RHC 12
X LT 745 R s A R . O it if A E )
CINEE- A N2 b S AN =7 7o b S =R R A ]
MARBE TN o JEAh, AN T —35050 F1 A 5 B 18] 1
Jifi ¢ 1) CTD-PH .5, W] g S 884> CTD-PH & %™
HIEE D RAWER . BT, AKX CSA AT H R 5
L R CT EIZ IR K CSA Rt ifn 8 52 PR CSA 2
(B AT REAFAE 25 5 o = X CSA AR AL ML) 1) 4 23 9%
PR T, RORAG 0 B3R AT B 2 SR 1H 1) CSA I &
HEH LA AT R

K FHET S CT ()58 & i/ L 2 50 % CSA
Al PLIX 2 AN [A] 28 28 PH, 3 o 9% CSA S AT AR 8 D Al
CTD-PH ™ EF2 5 70 RIS K3

(&% 30k ]

(1] AR BR 2 o WP IR 27 73 4 ke 28 5 il i A5 2 4.,
T[22 i e R 2 T 2 s 56153 i 10 6595 A 2= 0
2 A ] il 26 55 i o 9 B v DR AL, S8 v B A B
fik e R 2 W 5 a7 4R R (2021 O[T, PR SFRE,
2021, 101C1): 11-51

(2] HbeE, ek, £ 5% A TR SRS RRR DL
T sST2 PFAti 5 4 4 23995 1 5 i 20 Jik v Hs 5 15 7™ B A
FEfEEL) ] Bt BE R R 2 224 CE AR B AR - 2023,
43(9):1223-1229

(3] #& H8, Xoess, BAEG S, € & CTHR A A L3l B PF i
AN T 2 P it 8Ty i v A8 BEL it A8 /N R AR [ . I R
i 2 & 2023, 28(1): 21-24

[4] SHAHIN Y, ALABED S, ALKHANFAR D, et al. Quanti-
tative CT evaluation of small pulmonary vessels has func-
tional and prognostic value in pulmonary hypertension[J].
Radiology, 2022, 305(2):431-440

[5] TAKEIL N, SUZUKI M, TANABE N, et al. Combined as-
sessment of pulmonary arterial enlargement and coronary
calcification predicts the prognosis of patients with chron-
ic obstructive pulmonary disease [J]. Respir Med, 2021,
185: 106520

[6] ALKHANFAR D,SHAHIN Y, ALANDEJANI F, et al. Se-

(7]

(8]

(9]

[10]

i)

L12]

[13]

[14]

[15]

[16]

[17]

vere pulmonary hypertension associated with lung disease
is characterised by a loss of small pulmonary vessels on
quantitative computed tomography [J]. ERJ Open Res,
2022,8(2):00503-2021
SRHFH, B 92, SLHHE, 45 NLRRDW B 2 2 5 e
CT o Jif v e 7™ B AR E AR VP Al [ ). P BB AR 22 22 4R
CHARFRERRD 2023, 43(1):79-83
. G 3 ik i s A0 s P oo JEE 95 F49 977 4 L .
R 5 B 41 2005, 20(3): 8-9
MATSUOKA S, WASHKO G R, DRANSFIELD M T, et
al. Quantitative CT measurement of cross -sectional area
of small pulmonary vessel in COPD. correlations with em-
physema and airflow limitation[J]. Acad Radiol, 2010, 17
(1>:93-99
MATSUOKA S, WASHKO G R, YAMASHIRO T, et al.
Pulmonary hypertension and computed tomography mea-
surement of small pulmonary vessels in severe emphyse-
ma[J]. Am J Respir Crit Care Med, 2010, 181(3): 218-
225
#OR], B L RO, &L CT it 3 ki s 1 2 240
B IBG 5o 5l R 7P it 5l J v S R P A S A L ).
AR AR (BRSO 5 2023, 44(2): 275-282
WANG Y, SU T, FENG S, et al. Evaluation of the cross-
sectional area of small pulmonary vessels in the diagnosis
of chronic obstructive pulmonary disease by quantitative
computed tomography: a case-control study[J]. Medicine,
2021,100(46): 27622
ZHANG Y, ZHANG N, SUN X, et al. Prognostic signifi-
cance of small pulmonary vessel alteration measured by
chest computed tomography in connective tissue diseases
with pulmonary arterial hypertension[J]. J Thorac Imag-
ing. 2022,37(5):336-343
ARIF R, PANDEY A,ZHAO Y, et al. Treatment of pulmo-
nary hypertension associated with COPD: a systematic re-
view [J/OL]. ERJ Open Res, 2022[2022-05-03]. DOI:
10.1183/23120541.00348-2021
AR, TR, il 1. 20 4H ML o0 AT 55 5 15 45 4 4 41
TR S it e s 990 A SR PR R e R 2L ). B S BE AR
SR AR, 2021, 41(11): 1650-1653
SHAHIN Y, ALABED S, ALKHANFAR D, &%, Jifi/J~ ifiL
CT € & PFAN 3T il 3 ik v Hs 1) 2 e A0 19U 2.0 .
PR 22U 24 5 2023, 46(1): 106-107
XU C, ZHANG Y, ZHANG N;, et al. Use of small pulmo-
nary vascular alterations to identify different types of pul-
monary hypertension: a quantitative computed tomography
analysis[J]. J Xray Sci Technol. 2022,30(1):185-193
[k BH#A] 2023-11-30
(AKX 4wsE: BES



