Research Papers FiiEkit=:

0) D)L S i R
Progress in Biochemistry and Biophysics
' lJXXXX,XX(XX%1~M

www.pibb.ac.cn

ETHEBIESKRGIEEREXE
i B im iz i 77 A 5

F oY oK O#HY X MY oxont B &Y AT
(" BRI R KL, BT 2100165 2 —IT2BebL S A T RS4pe , Bt 210012;
D RO ICERU L T TARABE, AT 2100375 ) S5HN FCA B 5 — BERE IR0 5T RE 224 RE, FhM 215004,
Y R SO TR EBE, T 510632)

WE BR ASULTREIWRZEBE (BIT) BOREE T B 8 R 55 il < S0 B W 5 3% 7 FH 0 4 BEL 2 1 Al 5
(COPD) Wi, iHEEAF L (CoV) ., BEAHEM (GD | KuEES LR AL (RVDD) FI—F# (FEV/FVC) U
ANFERR, RSP COPD I A2 Wi, Fsk  ASCH Xt COPD A MM FIN AT (5 B, BRI 5 15 % A A S se g8 bt e Wl
BERIE, PR SRR FIRIEARN 22 0 S IR 03 242, XHHLHEFT T 2 WThBER Y (PFT) I EIT )45
Wi, JF R TAIRIREIR AR (48 H P F T WAORPT s SORE ) R 3l U5 b, Jd e 50 A EIT R S84
VI G A [FIAR S B fdE e AFI COPD [ 3% . R (i E45 K] . COPD &3 51F % AfE CoV. GI. FEV/FVC FfIRVDI 44~
Febr EAEAEN 255 . SRR LW e FEZS RIS RIE 71, COPD R (4 G 2 v T H e A4, (R ARE > 18] e
WS FERHRISEERYE S, JCE R A e H R, COPD 3% Y RVDIE ) 2 T AL ). ok, sk iing
o, FEV/FVC A5 A ik — 54878 T COPD B 3 DX S8l il D R 14 Bef [] 38 S o - DX 53] A [ 4 i B e N o

it BITHASR 7K RER 2 8 e Bkk, 4T COPD 4 i Z I FiNG 7 By SRR S

KR APESIRIE R, ISR, BHEEERGOR , IMDIRER(E, DXt DIRE

FESES TH772 DOI: 10.16476/j.pibb.2024.0452

1% Pk B ZE P i %€ 9 (chronic obstructive
pulmonary disease, COPD) J&— 7 DL I 52 FR 1
HEATHOBAL R FEAE IR Y, L JE A BRAE T
JREFEZEDY, 7 E 40 2 LB BRI B 1k
13.7% '*'. i1 T COPD X & B R IT R G E K5
e, HOSAMAC S R A E Sl DT A, R
WA A B T RI2 G, TR KR L 1B
TN, $ee B A BT

HHET, I PKH T COPD 2 Wi FITFEAL i A 77 ik
FEIE I Re e A MR ER AR AR A o SR, Xk
J7¥EAENG PRI 7 AR AEAE — o W Jm BR P 7 il
JJHEM A (pulmonary function testing, PFT) #fiiE
FREL M AZ BRI COPD 2T b 85 5544, (HE LG
Yrfgia o it R PRI T RE TR X
WO BT, R R B A R T R
JER AR AR A LG X 2l Fr . TF AL 2

CSTR: 12369.14.pibb.20240452

(computed tomography, CT) F1Jiii# 7 (lung
ultrasound, LUS). SAAM R #RAERIME, &M T
BV, BERAR, A50w12 5. A ozt
COPD2Wi i AN &, F 2T 5 HAD e
SEHEAT A, AT TR IT R E . H O CT ANRE
WA Y6, FEEWEH T2k, HF%
Man B H, WG RGR, TEMEEE AN
A, LUS RN, S ERBERERE AR, Z
BB

M FH Pt W1 )2 i 18 (electrical impedance
tomography, EIT) VE&—Fhr 240 D) fg ik = 27 Al
A AR, 3 Ik 3R TH R A O A AR P R
« ER A RBAIEA (62271251, 62471225) WHLH .
s MR A

Tel: 17715275835, E-mail: jfyao@jnu.edu.cn
Wk F301: 2024-10-31, #5252 H YT : 2024-04-14




‘2 EMUFESEYYIRHR

Prog. Biochem. Biophys. XXXX; XX (XXO

A S M2 R, EIT BEAS 4 HE X I A I BR il
T4 Pt At 5 A X AR IR ok e i s £ L T
COPD FZE oG I i 1 < A2 IR, e i) 3 9%
0 EIT el 42 25 Fh X 3Gl AR, I Lt 58
G, S [ FNE e 4E R LR e de br
280, DIVAGIE AR S

SR, 5 R RHHUMOE T AR BB 2R G
fif (acute respiratory distress syndrome, ARDS)
HHIWTSEAALL, A I COPD M Y EIT AHOCHT
FEATy R Ut — 25 I RE 1, AR B BIT 1 A 4 A W
COPD £ 4 3 I (1 b 2L 1 St EIT $ AW 5
COPD & 1y IX Wit Thiig, AT AR T R 138 <
AT B, B4 A5 8] 43 A R0 TE] ZE R Y S
PR U EIT 7] TIPS SO EF SRR IR 7 4K
R, B XU IIRE, it A U R )
2 10200 HET, X COPD RYPEAN i Ml b8 b
WA 2, AT BRI PRI 5 L K 98 EIT
BORTEPHAl X D 58 5 T A AL > ks
HELF BT COPD B E /3 ALK M I A
AEEE L.

AHIF ST RN R D) e A AN ERA . CT 48 I3t
FeFR AN, R T COPD =4 ARy, {5 Blifii
AT A AR AL T COPD S 5 A DI REI &, Ff42
Bz i S BT A8 4k (tidal impedance variation,
TIV) . BN 5]PE  (global inhomogeneity, GI)
FEAS H s (center of ventilation, CoV) 43Hr4as[a]
SE, IR GRS )
Jiti 3% = B9 FL {H , forced expiratory volume in one
second/forced vital capacity, FEV/FVC) FIX Jafi#
SOHE IR RN ¥ 5] P& (regional ventilation delay,
RVDI) Zr#risf a5 Bt Ba dEAT 1T =3 R
59, [ARPH#EAT 1 RS aeiAn BIT W, T L
COPD /& # 5 Tl F i i filt B 52 103 =0 4551
R, JELE EIT R A 19 25 [\ A fe e (40 TIV
Gl FE[A]E R 5 FR (40 RVDI Al FEV /FVC)
RERS X FEAN R East FR AN [R] 32 1808 A 5 A7
TENTIR I RERERT, A XGEE TR 18 S 2 85 Al Dy e
ot e A 7 =5 AR IR, R fs 2 4
e EIT I PR FH R 1A 7 BB SRk, XF
COPD & & Wy R 2 W fyRyr A EZ iR =

1 COPD=#HB=#EAFESHH

1.1 COPD=#FR =R E

TE T BIT B8 b, e A Al A5 %6 29 24 100
kHz "' 78100 kHz 2508 F, Bl 82 AR TR i mg
W (BRI R) hakfi s < Ak
M= AE AR BHBT AR (R 1),

Table 1 Parameters of electrical properties of different tis-
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Dielectric Conductivity (S/m)  Permittivity
Heart 0.215 9845.8
Bloof 0.703 5120.0
Bone 0.084 471.71
Fat 0.024 92.885
Lung (end expiratory) 0.272 51453
Lung (end inspiration) 0.107 2581.3
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Fig.1 Construction of a 3D electrical model of COPD
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Table 2 Time constant result

Respiratory cycle parameters Healthy COPD P value

Time constant 0.83+0.30 1.57+0.88  0.004
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Fig.2 Pulmonary function fitting curve
The “ O 7 represents normal people and the “ x " represents

patients with chronic obstructive pulmonary disease.
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Table 3 Pulmonary function test results of all subjects

Subjects = Age  Number  FEV,/L FVC/L  FEV,/FVC
Young  35+10 27 3.95+0.53 4.71+0.68  0.84+0.06
Elderly ~ 65+10 23 3.24+0.62 4.26+0.47  0.76+0.08
COPD  68+12 43 1.30+0.45 2.41+0.61  0.5440.10

Notes: Value = mean =+ standard deviation. In the table, FEV is the
ratio of forced expiratory volume in 1 second to vital capacity; FV-
CI was the ratio of forced vital capacity to vital capacity. FEV/FVC
was the ratio of forced expiratory volume in 1 second to forced vital

capacity.
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Fig.3 Clinical experiment of bedside pulmonary function and electrical impedance testing in COPD patients

(a) clinical study of COPD patients (b) pulmonary function test report

Spontancous tidal breathing, Tidal Volume (Vr)

Take a deep breath, Fill to Inspiratory Vital Capacity (IVC)
Forced exhalation, Forced Vital Capacity (FVC)

In a deep breath until full, it should be equal to FVC

Forced expiratory volume in one second (FEV;)

Fig.4 Schematic representation of lung volume over time in pulmonary function tests

These include a forced inspiratory maneuver (light gray area) and a forced expiratory maneuver (dark gray area) .
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Fig.6 GI result plot
Boxplots show the minimum, 25% percentile, median, 75% percentile, and maximum values, circles represent the mean, and significant

differences between groups are indicated as follows: *P<0.05.
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(a) Distribution of ventilation centers during tidal breathing (b) Distribution of ventilation centers during forced inspiration
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Fig.8 FEV /FVC result plot
(a) ventral FEV /FVCratio (b) dorsal FEV,/FVC ratio
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Fig.9 FEV /FVC re frequency profile

Distributions of FEV /FVC frequencies measured by EIT in Young (Young, left) and Elderly (Elderly, middle) individuals with healthy

lungs, as well as in patients with COPD (COPD, right), histograms show mean = SD.
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Fig. 10 EIT functional images and FEV ,/FVC frequency distributions in patients with ventilatory dysfunction.
(a) a young healthy subject, (b) an elderly healthy subject, (c) a COPD patient with GOLD stage II, (d) a COPD patient with
GOLD stage IlI, (e) a COPD patient with GOLD stage IV. Ventral: top of the image, right: left of the image.
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Abstract Objective This paper proposes a novel real-time bedside pulmonary ventilation monitoring method
for the diagnosis of chronic obstructive pulmonary disease (COPD), based on electrical impedance tomography
(EIT). Four indicators—Center of Ventilation (CoV), Global Inhomogeneity Index (GI), Regional Ventilation
Delay Inhomogeneity (RVDI), and the ratio of forced expiratory volume in one second to forced vital capacity
(FEV1/FVC)—are calculated to enable the spatiotemporal assessment of COPD. Methods A simulation of the
respiratory cycles of COPD patients was first conducted, revealing significant differences in certain indicators
compared to healthy individuals. The effectiveness of these indicators was then validated through experiments. A
total of 93 subjects underwent multiple pulmonary function tests (PFTs) alongside simultaneous EIT
measurements. Ventilation heterogeneity under different breathing patterns—including forced exhalation, forced
inhalation, and quiet tidal breathing—was compared. EIT images and related indicators were analyzed to
distinguish healthy individuals across different age groups from COPD patients. Results Simulation results
demonstrated significant differences in CoV, GI, FEV1/FVC, and RVDI between COPD patients and healthy
individuals. Experimental findings indicated that, in terms of spatial heterogeneity, the GI values of COPD
patients were significantly higher than those of the other two groups, while no significant differences were

observed among healthy individuals. Regarding temporal heterogeneity, COPD patients exhibited significantly
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higher RVDI values than the other groups during both quiet breathing and forced inhalation. Moreover, during
forced exhalation, the distribution of FEV1/FVC values further highlighted the temporal delay heterogeneity of
regional lung function in COPD patients, distinguishing them from healthy individuals of various ages.
Conclusion EIT technology effectively reveals the spatiotemporal heterogeneity of regional lung function,

which holds great promise for the diagnosis and management of COPD.

Key words electrical impedance tomography (EIT), ventilation homogeneity, obstructive lung disease,
pulmonary function imaging, regional lung function
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