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Table 1 Parameters of electrical properties of

different tissue

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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(b) Pulmonary function fitting for COPD

+— :Relative area
o—e :Electrival conductivity 0.8
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[Changes in relative lung area] [Time-varying voltage signal] [ Fit the lung function curve ]

Chest CT of an A three-dimensional model of the
adult male thoracic contour was established
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(d) Quantitative assessment of regional lung function
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[ Functional EIT image reconstruction ]
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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

0.83+0.30 1.57+0.88  0.004

Time constant

J TR e 2E 5, R 1.2 720 (2)
141 COPD BF MiThae M2k, #E4T EIT IE (Al
BRI R . 2 R T ALY T ) R
P, LA, COPD B RMizhhethL i
BALVFIER A, HIFAAEEK, Hrp, CcOPD &/l
eI A LS ECh: p=0.0162, p,=—0.008 573,
p=0.156 5, p,=0.124 5, p=0.473 6, p~=—0.505 8,
p=03427, p=0.5642, p~-03193, p,=0.188 5,
IEH AIGDIREIL A S 50h . p=-0.049 21, p,=
-0.012 56, p=0.378 7, p,=0.079 21, p~=-1.021,
p——0.1037, p,=0.9955, p=p,~=p,,=05

Volume/L
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Fig. 2 Pulmonary function fitting curve
The “ O ” represents normal people and the “x” represents patients

with chronic obstructive pulmonary disease.
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2 LG R IGIE

21 HRMERFR

AWM A 93 Z IR Z I, 274
it 9 0 s AR A B 52 1 (Young) , 23 4G
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Table 3 Pulmonary function test results of all subjects

Subjects ~ Age  Number  FEV/L FVCIL  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  0.54+0.10

Value=mean=standard deviation. In the table, FEV| is the ratio of
forced expiratory volume in 1 s to vital capacity; FVC was the ratio of
forced vital capacity to vital capacity. FEV,/FVC was the ratio of

forced expiratory volume in 1 s to forced vital capacity.
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P, 5T EIT B A B EEAG

TEARBEGE T, AR IR —FI G 2 EdE vl
WRGET ot TH, B T RN B %) o3 A ik
BRI o o o A 28 6 IE H R COPD 84 11
TIV. GI. CoV. RVDIZHEIHATXI LM, WoR T
Hige/MA . 25% A i, g, 75% [ i %L
FURRAE, 43 BT A5 BIAH DSBS 07 & AN oA 115 2
2.2 EITHEER&EMS

EIT {55 H M BH AT T2 AR A SE i R4 . 7EAH
RIRSIECE N, AR A 2
i (WA =1 mA, 55K <100 kHz) , % RS
T DUBA R EC R A LA AT R B O A S A
M

XV, H 1WA (inspiratory vital capacity,
IVC) FIFH IR, (forced vital capacity, FVC) %
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Fig. 3 Clinical experiment of bedside pulmonary function and electrical
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impedance testing in COPD patients

(a) Clinical study of COPD patients; (b) pulmonary function test report.

AMEC SR A EIT Bl i T g o (K4) . FIHE
FAG BT 2R AE 25 0] A S B i A AL 4
bn, B CoVAIGI; T RVDI. FEV,/FVC, LAZFRAE

ls:

VIL
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: Spontaneous tidal breathing, tidal volume (V)
: Take a deep breath, fill to inspiratory vital capacity (IVC)

: Forced exhalation, forced vital capacity (FVC)

e In a deep breath until full, it should be equal to FVC
B—f

: Forced expiratory volume in 1 s (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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FEIVC. FVCHf, CoVEBIAKT 50%, {HEAk
RFIEH A

GITEV,. IVC. FEV, M FVC WA f 1) oA
iR 6 s, R R Ag B A A R4S
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Fig.5 CoV result plot
(a) Distribution of ventilation centers during tidal breathing; (b) distribution of ventilation centers during forced inspiration; (c) distribution of

ventilation centers during forced exhalation in 1 s; (d) distribution of ventilation centers during forced expiration.
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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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Fig.7 RVDI result plot

(a) Distribution of ventilation centers during tidal breathing; (b) distribution of ventilation centers during forced inspiration. *P<0.05.
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*

FEV\/FVC

| | |
Young Elderly COPD

Fig.8 FEV /FVC result plot
(a) Ventral FEV,/FVC ratio; (b) dorsal FEV,/FVC ratio. *P<0.05.
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Fig.9 FEV /FVC frequency profile
Distributions of FEV,/FVC frequencies measured by EIT in Young (left) and Elderly (middle) individuals with healthy lungs, as well as in patients

with 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 111, (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 (FEV/
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
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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, FEV,/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
higher RVDI values than the other groups during both quiet breathing and forced inhalation. Moreover, during
forced exhalation, the distribution of FEV,/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.
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