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[Abstract] Objective: To study the clinical value of the collapse angle of flow - volume (F-V) curve in assessment of clinical
phenotype and severity of chronic obstructive pulmonary disease (COPD) patients. Methods: A total of 101 subjects who underwent
pulmonary function tests from December 2021 to December 2022 at the First Affiliated Hospital of Nanjing Medical University were
selected for this study. Subjects in the angle group were 33 stable COPD patients with collapse angle of F-V curve. The non-angle
group including 38 cases of stable COPD patients without collapse angle, who matched with the angle group in forced expiratory
volume in the first second as a percentage of predicted value (FEV,%pred). The control group including 30 subjects without previous

cardiopulmonary disease and had normal lung function. Basic information, clinical symptom scores (CAT score, mMRC score) ,

[(E£WmB] EZKESPEIT(2018YFC1311900) : PR R Ge50 I PRI 52 KRR 5 A WREAR -5
SH{F1EH (Corresponding author) , E-mail : plisun9419@njmu.edu.cn



445510 1

<1370~ BMoa & B K ¥ ¥ O 2024410 A

pulmonary function parameters and daily exercise finger pulse oxygen parameters were collected and compared among the groups.
Multifactorial logistic regression was used to analyze the factors associated with the collapse angle of F-V curve. The predictive value of
the collapse angle of F-V curve for acute exacerbation of COPD within one year of follow-up was analyzed by receiver operating
characteristic(ROC) curve. Results: Pulmonary function was severely impaired in the angle group, with FEV, and forced vital capacity
(FVC) of 0.91+0.24 and 2.11£0.63, respectively. CAT score, mMRC score, and ASpO, of the angle group were higher than those of the
non-angle group and the control group. SpOa:. of the angle group after walking exercise was lower than that of the non-angle group and
the control group (P < 0.05). CAT score =12, mMRC score =2, and ASp0,=13% were main related factors of the emergence of the
collapse angle of F-V curve. The area under the ROC curve of the collapse angle of F-V curve for predicting the acute exacerbation of
COPD was 0.777. The sensitivity and specificity of prediction were the best when the angle was <129.1°, which were 72.73% and
67.35% , respectively. Conclusion: When the collapse angle of F-V curve appears in patients with COPD), their lung function is often
severely impaired. They are more prone to post-activity hypoxemia and acute exacerbations. Therefore , attention should be paid to the

presence of the collapse angle of F-V curve in the pulmonary function report of COPD, in order to recognize the high-risk group of

COPD as early as possible.
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Examples of typical flow-volume (F-V) loop configurations for three groups. The X-axis of the flow-volume loop is the volume and the Y-axis is the

flow. F/Vex represents the expiratory phase of -V loop: F/Vin represents the inspiratory phase of F-V loop. The numbers 1 to 4 in the graphs correspond

to the -V curves of patients with repeated measurements; B in the graphs represents the best and clinically adopted F-V curve. A:The angle group

with the collapse angle of 126°. B: The non-angle group with the collapse angle of 145°. C: The control group.
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Figure 1 Schematic diagram of grouping based on the descending branch of the F-V curve
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Table 1 Comparison of characteristics data between the COPD and the control

Angle group

Non-angle group Control group

Characteristic (n=33) (n=38) (n=30) Xz P

Sex[n(%)] 15.618 <0.001

Male 33(100.00™* 27(71.1)* 18(60.0)

Female 00 11(28.9) 13(40.00
Age(years,x + s) 67.73 £7.71 66.53 £ 8.15 68.33 + 10.18 0.393 0.684
BMI(kg/m*, % + 5) 21.79 + 3.05* 22.00 + 3.39" 24.50 + 3.81 6.122 0.003
Smoking index 600600, 800> 400€0, 600" 0€0,600) 18.954 <0.001
[ count-year, M(Pss, Ps5) ]
Inhaled drugs[n(%) ] 0.207 0.649

I 20060.6) 21(52.3) -

I 17(44.7) 17C47.7) -

Compared with the non-angle group, P < 0.05; compared with the control group,“P < 0.05.

F2 3ARINEER CATIES R .mMRCIED GEES LR

Table 2 Comparison of pulmonary function and CAT scale, mMRC score and finger pulse oximetry parameters among the

three groups

Parameter Angle group(n=33) Non-angle group (n=38) Control group(n=30) F P
FEV.(L) 0.91 +0.24* 0.92 +0.33" 2.13 £ 0.60 93.663 <0.001
FEV %pred(%) 34.04 + 8.40" 35.37 £9.70" 89.54 £ 12.10 310.790 <0.001
FVC(L) 2.11 £ 0.63" 1.94 + 0.80" 2.75 +0.84 10.158 <0.001
CAT(scores) 14.12 £ 5.92 9.82 + 4.35" 453+3.24 33.328 < 0.001
mMRC (scores) 1.97 £0.77* 1.53£0.76" 0.30 £ 0.54 46.991 <0.001

Compared with the non-angle group, ‘P < 0.05; compared with the control group, P < 0.05.
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Table 3 Comparison of pulse oximetry data of walking exercise among the three groups (xxs)

Index Angle group(n=33)  Non-angle group(n=38)  Control group(n=30) F P
Sp02..(%) 96.21 +2.51* 97.00 + 1.82 97.77 = 1.61 4.671 0.012
Sp0:.(%) 86.85 £ 5.40™ 89.89 +4.94 90.93 +4.91 5.600 0.005
ASp0,(%) 9.76 + 4.85™ 7.42 +3.87 6.83 +4.14 4471 0.014
Maximum pulse rate/submaximal 0.98 £0.14 0.95+0.14 0.97 £0.17 0.423  0.656

heart rate

Compared with the non-angle group, P < 0.05; compared with the control group,"P < 0.05.

F4 FAESEEAHECTRILE

Table 4 Comparison of CT imaging performance between the angle group and the non-angle group [n(%) ]

CT imaging performance Angle group(n=33) Non-angle group(n=38) X P
Scabbard trachea 14(42.42) 13(34.21D) 0.506 0.477
Left bronchus collapse 1(3.03) 00 1.168 0.670
Right bronchus collapse 1(3.03) 1(2.63) 0.010 0.919
Emphysema 26(78.78) 14(36.84) 12.633 < 0.001

Centrilobular emphysema 9(27.27) 5(13.16) 2.223 0.136

Panlobular emphysema 11(33.33) 6(15.79) 2.985 0.084
Paraseptal emphysema 6(18.18) 3(7.89) 1.689 0.194
Pulmonary bulla 7(21.2D 4(10.53) 1.540 0.215
Pulmonary artery root/aorta >1 4(12.12) 1(2.63) 2.430 0.119
Lowered diaphragm 12(36.36) 10026.32) 0.834 0.361
Barrel-shaped chest 3(9.09) 2(5.26) 0.395 0.530

%5 F-VHZ T EAHIEE EE Logistic Bl )35 47

Table 5 Multi-factorial logistic regression analysis of the emergence of the collapse angle of the F-V curve

Variate B S.E. P Wald OR 95%C1
CAT scores=12 0.441 0.112 <0.001 15.503 1.554 1.248-1.936
mMRC scores=2 0.640 0.176 <0.001 13.223 1.896 1.343-2.678
ASp0=13% 0.678 0.190 <0.001 12.734 1.970 1.357-2.859

x6 KAMESTRAEIMMERILE

Table 6 Comparison of acute exacerbation manifestations between the angle group and the non-angle group

[n(%)]
Acute exacerbation manifestations Angle group(n=33)  Non-angle group(n=38) X P

Number of patients with acute exacerbation 17(51.52) 5(13.16) 12.152  <0.001
Number of hospitalized patients with acute exacerbation 9(27.27) 2(5.26) 6.535 0.011
Times of hospitalizations for acute exacerbation - 0.027

1 7(21.2D 2(5.26)

2 2(6.06) 000
Number of acute exacerbations - 0.002

0 16(48.48) 33(86.84)

1 8(24.24) 4(10.53)

2 6(18.18) 1(2.63)

3 309.09 00>
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Figure 2 ROC curves for the prediction of acute exacerba-
tions of severe stable COPD by the collapse an-
gle of the F-V curve
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Be NIk L 35 i T G e M 21, IX SR A7 AE F-V il 2k
NBES A1 COPD B35 8 5 kA Ak e .

A5 E T GOLD $8 1/ A COPD F8 35 5 3 F
754, B HE Il S T RE VREAR VP o AL N
fFo RILCOPD 3 1 H A5 5245 7™ 5 (1 il JE < Th g
Z IR 12 Bl AR AR A B in B KU 2 R I, X
5 L B A T O RSB PH JE T R E A K. COPD
JEAH LIS CT FAZR 45 R 1 & APt U R I, 5
A RATE AL T I A ) 45 40 O, an SIS A U A
VEESS Ak =gl 73] RIS AN v €= A ey A
U 5 580 COPD i3 WA AU B A8 i 1A
G, BEWEEREI. X EEFE AT B IR
A 32 B i 75 R B, FAOE SR 2 B 2
#H, NIk — 0 FEURIE M E, 52 IR R
Y. DRI, # COPD &35 il Dhse ke 7 F-V il £ H 3R
Je fhy, TR SR A BTEAL 256 97 SRk b, %R
T HCE VRSO R A3, BRI 25 88 B AT,
VELRT TC AN SR YT T DL e S E
KA,

4 GOLD 2024 5’ , COPD & 2 1 % AR vF
g 1A PR N R RO SIS T BE PR AL E COPD I
PRAE B rp i — AN ] (A R I PR T4 B s 22
() FR 35 1 M PE 5 COPD Ilfs P 8 B Sk 5K TR Afk o
AHIEFEAE F ROC il 26 73 BT F-V il 28 T B 3k A it
H A A COPD 2 hn 2 1) BN 5, R 324
FAATE < 129.1°0F, FLFIN 2t n =5 AR UR it
AUCTH N 0.777. F-V IIZE N B I AU AT BAR
WL CAT ¥4 il T B8 (FEV,.FVC) , 1] X%} COPD &t
PE N EE RS AT 255 T o TR0k, B v P EE AR F-V
2R TR [ S A I A, FEAE Il Th BE R i T DU
B, LA 5 o I PR 2 26 i SR R AN 5 JR 3 AN
1R o IKFE M ) e P SR AE A 4 T b AT 4R R
FRE, RIUEE N EAL MG IT RE B, T & R
A o 1 45 it , PRI Sk o =, A A e s 1 2
K.

25 FFriR, COPD A i Dy RE F-V i 26 T F Sk
A MAE R F-V fTZRF R BUE, 4/ < 129.1°
Iy L TR0 R B R B 3 N B A, 4 N 72.73%
67.35%. F-V HIZ T [ I 2 58 Ho il D e =
TR, NZREIR . m A I E RS B, AR T
COPD 7 E H (BEAE /R A D 4D . s =<
DIRE F-V 1l 4N B SR A, £ Fis HONE E COPD
T T g ARG £ (A AN PR TN e b S
WAE A S D Re i i o 7 DAbRvE .
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