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Regional lung function assessment using fiia

electrical impedance tomography in COPD,
PRISm, and normal spirometry subjects: insights
into early diagnostic potential
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Abstract

Purpose This study utilizes electrical impedance tomography (EIT) to explore spatial-temporal heterogeneity
in regional lung function among patients with chronic obstructive lung disease (COPD), preserved ratio impaired
spirometry (PRISm), and those with normal lung function.

Methods Subjects who had pulmonary function test at Sir Run Run Shaw Hospital from 28 December 2023 to 30
March 2024 were screened. Regional lung functions were accessed with EIT regarding spatial distribution, abnormal
area size, and expiratory time. The correlations between smoking index, SGRQ score, and ElT-related parameters were
also evaluated.

Results A total of 194 patients were screened and 161 patients were included (56 COPD, 21 PRISm, and 84 normal).
Spatial distribution of regional FEV1EIT (P<0.001), FVCEIT (P=0.025), FEV1/FVCEIT (P<0.001), MMEFEIT (P=0.012),
T-75EIT (P<0.001), and FIVCEIT (P=0.020) showed significant differences among the three groups. The percentage

of abnormal FEV1/FVCEIT areas detected via EIT was 83.40% (25-75% percentiles 52.29%-98.39%) in the COPD group,
2546% (17.31%-41.31%) in the PRISm group, and 10.37% (3.34%-19.04%) in the normal group. The time constant
map revealed that the patients with COPD exhibited the longest exhalation times. Elevated smoking index and SGRQ
scores were associated with increased heterogeneity and larger areas of abnormal FEV1/FVCEIT.

Conclusion Through ElT-based pulmonary function assessment, it is possible to sensitively identify the spatio-tem-
poral heterogeneity in COPD and PRISm patients. Regional lung function impairments, particularly in PRISm patients
with an FEV1/FVC ratio > 0.7, were detected using EIT, highlighting its potential for early COPD diagnosis.

Keywords Electrical impedance tomography, Preserved ratio impaired spirometry, Chronic obstructive pulmonary
disease, Spatial-temporal heterogeneity, Regional lung function impairment
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Introduction

In 2023, the Global Initiative for chronic obstructive lung
disease (GOLD) introduced PRISm, defined as a pre-
served ratio (FEV1/FVC ratio>0.7 after bronchodila-
tion) with impaired spirometry (FEV1<80% of reference
after bronchodilation) [1]. Recently, large cross-sectional
and longitudinal studies have highlighted the prevalence
of PRISm, which is estimated at 7.1-20.3% because of
population heterogeneity [2—7]. The GOLD 2024 report
states that PRISm represents an unstable phenotype that
can transition to either normal or obstructed spirometry,
with 20-30% of cases progressing to chronic obstructive
pulmonary disease (COPD) [8]. A recent meta-analysis
revealed significantly increased risks of all-cause, car-
diovascular, and respiratory-related mortality in PRISm
patients [9]. Currently, there are no established diag-
nostic or therapeutic guidelines for PRISm, but research
emphasizes the importance of screening and identifying
PRISm in clinical settings, with potential for follow-up
and early intervention when necessary.

Pulmonary function testing (PFT), to be specific,
forced vital capacity manuever is the gold standard
for diagnosing PRISm, but it cannot be used to assess
regional lung function. Imaging modalities such as X-rays
and computed tomography (CT) can capture structural
abnormalities in the lungs but have drawbacks such as
radiation exposure and the inability to measure dynamic
lung function directly. Electrical impedance tomography
(EIT) is a rapidly developing imaging technology with
advantages such as noninvasiveness, no radiation expo-
sure, and simplicity of operation [10-12]. Combining EIT
with PFT is a novel application in respiratory medicine
that can be used to assess regional lung function and
identify pathological spatial and temporal ventilation
heterogeneity in patients with COPD [13, 14].

The aim of this study was to evaluate the characteris-
tics of lung ventilation distribution among COPD, PRISm
and normal lungs using EIT-based pulmonary function
assessment, with the goal of determining whether EIT
can be used to detect regional lung function impairment,
particularly in PRISm patients.

Materials and methods

This prospective observational study was approved by
the local ethics committee (No. 2023-933-01). Informed
consent forms were signed by the subjects, and the study
was registered online (NCT06199258). We recruited
patients with respiratory symptoms at Sir Run Run Shaw
Hospital, all of whom were over 18 years old. The exclu-
sion criteria included a history of pulmonary diseases
other than chronic airway inflammation, prior pulmo-
nary surgery or radiotherapy, inability to undergo or
potential interference with EIT assessment, and inability
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to undergo or poor cooperation with PFT. Vulnerable
populations were also excluded.

PFT was conducted concurrently with EIT examina-
tions [15]. A total of 16 electrodes were attached on the
chest circumference at the 4-5th intercostal space for
EIT data collection, and one reference electrode was
placed on the abdomen of each subject. All patients were
studied in the sitting position using the Draeger device
(PulmoVista 500). Patients were briefed on PFT proce-
dures prior to EIT recordings. The FVC test was repeated
3-8 times, and the highest quality result was used for
analysis. The impedance changes in each EIT electrode
(especially the electrodes on both sides of the sternum
and spine) were monitored to ensure that there were no
significant changes or detachments in contact imped-
ance during the entire test [16]. After the examination,
each patient was asked to complete a basic information
questionnaire, COPD Assessment Test (CAT), and St.
George’s Respiratory Questionnaire (SGRQ).

The EIT measurement principle is based on repeti-
tive alternating current applications between 16 adjacent
pairs of electrodes. During each current application over
one adjacent electrode pair, 13 remaining passive adja-
cent electrode pairs were used to measure the resulting
voltages. After ventilation-related data were collected
via EIT, regional lung function was analyzed via custom-
ized software (Matlab 2013a, Mathwork, MA, US). Fol-
lowing data reconstruction, each EIT image consisted
of 32x32 pixels. Within the lung region pixels, the dif-
ference between the maximum relative impedance value
(Z,nay) reached after full inspiration to total lung capac-
ity and the minimum relative impedance value (Z;,)
reached subsequently after maximal expiration to resid-
ual volume was calculated. This difference reflects the
forced vital capacity (FVCg;y) values at each pixel. Con-
vert the impedance values to milliliters by comparing the
sum of all pixel FVCy,r values with the FVC measured by
spirometry. Similarly, the 1-s forced expiratory volume
(FEV1;p) is calculated as the difference between AZ val-
ues one second after forced expiration in lung pixels and
the lung volume at the start of expiration and the forced
inspiratory vital capacity (FIVCg;p) is calculated as the
difference between the AZ values corresponding to resid-
ual lung volume and total lung capacity after a maximal
inspiration. Additionally, the global time points when the
FVC reached 25% and 75% (MEF25 and MEF75) were
determined. The mean flow rates were calculated at the
pixel level and expressed as MMEF;;. The pixel varia-
tion value representing the time required to exhale 75%
of FVC is denoted as T-75, and it calculated the average
required time. To describe the dispersion of fEIT images,
global inhomogeneity (GI) [17] were computed for each
type of fEIT. GI is calculated based on the difference
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between the average impedance change of the entire lung
and the impedance change of each pixel generated dur-
ing the imaging process, representing the dispersion of
the ventilation distribution. A higher GI indicates greater
heterogeneity in the lung [18]. Center of Ventilation
(CoV) is an indicator for evaluating the changes in ven-
tilation distribution in the vertical direction of the abdo-
men and back [19]. Pixels with an fEIT FEV1/FVC ratio
less than 0.7 were counted as a percentage of total lung
region pixels, represented as “abnormal%” We calculated
the lung size at maximum aspiration. With respect to
temporal heterogeneity, a time constant (t) map was cre-
ated on the basis of calculations from FVC data [20]. For
numerical statistics, the median (1,4 and interquartile
range (T;,,) of regional T or the mean/variance in expira-
tion time were used to represent the data. Furthermore,
we examine the correlation between the smoking index
(years of smoking X cigarettes smoked per day), symptom
scores, and pulmonary ventilation heterogeneity. The pri-
mary endpoint was defined as EIT—related parameters,
including the GI index, the proportion of regions with
abnormal areas of FEV1/FVC, and the time constant.
Statistical analyses were performed using GraphPad
Prism version 10.0 (GraphPad Software, San Diego, CA,
USA). Quantitative indicators were compared by one-
way ANOVA or Kruskal-Wallis test according to the
data distribution, followed by Dunn’s multiple compari-
son test. Categorical indicators were compared by the
chi-square test or Fisher’s exact test. For each group, the
paired—samples t—test or the Wilcoxon signed—rank
test was applied to analyze the data before and after the

327 patients with respiratory symptoms
who need to complete pulmonary
function testing were screened
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bronchodilation test.Correlation analysis was conducted
with either Pearson or Spearman methods. A p-value
of <0.05 was considered statistically significant.

Results

The enrolment and exclusion criteria are detailed in
Fig. 1. From 28 December 2023 to 30 March 2024, a total
of 194 patients successfully completed PFT, question-
naire surveys, and baseline analyses. In this study, 98 nor-
mal lung function individuals, 63 COPD patients, and 33
PRISm patients were included, with baseline characteris-
tics reported in Table 1. The lung function process of all
patients complies with quality control standards. Signifi-
cant differences were observed across groups in terms of
age, smoking history, history of bronchodilator use, and
comorbidities, including hypertension and prior COPD
diagnosis (p<0.05). The COPD and PRISm groups dem-
onstrating significantly higher symptom scores compared
to the normal group.

Prior to conducting a quantitative analysis of ventila-
tion heterogeneity, we excluded 33 patients with poor
signal quality on the basis of EIT image inspection. The
final cohort included 84 patients in the normal group,
21 patients in the PRISm group and 56 in the COPD
group. The EIT imaging examples in Fig. 2 illustrates
ventilation patterns in normal individuals compared to
COPD and PRISm patients, with visible differences in
lung dynamics.

Table 2 presents spirometry and EIT parameters pre-
and post-bronchodilation across the groups. There are
differences in the predicted values of FVC, FEV1, and

133 were excluded

Exclusion Criteria:

- Patients unable to undergo EIT evaluation or those who
may interfere with EIT results.

194 patients completed questionnaire,
pulmonary function testing and EIT
examination

-Patients unable to undergo pulmonary function testing.
-Apart from chronic airway inflammation , there is a

history of other lung diseases(e.g., pneumonia, lung cancer ).
-Vulnerable groups.

33 were excluded

Patients with signal dropout or poor signal quality during
EIT examination.

|

84 patients into Normal group
(FEVI/FVC=07,
FEV1%pred and FVC%pred >
80% )

56 patients into COPD group
(FEV1/FVC<0.7)

21 patients into PRISm group
( FEV1/FVC 2 0.7, FEV 1%pred

<80% )

Fig. 1 Enrolment and follow-up of the study participants
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Table 1 Study participants'characteristic
Variables Normal (n=98) COPD PRISm (n=33) P value
(n=63)
Sex, n (%)
Male 49 (50.0%) 53 (84.1%) 19 (57.6%) .000
Female 49 (50.0%) 10 (15.9%) 14 (42.4%)
Age (years) 54.72+14.00 67.63+£9.79 59.15+15.60 .000
BMI (kg/m2) 2435+3.39 24.03+327 24.05+391 487
Smoking, n (%)
Never 69 (70.4%) 22 (34.9%) 18 (54.5%) .000
Former 9 (9.2%) 24 (38.1%) 8 (24.2%)
Current 20 (20.4%) 17 (27.0%) 7 (21.2%)
Previous diagnosis of COPD 2 (2.0%) 18 (28.6%) 3(9.1%) .000
Bronchodilators have been used, n (%) 15(15.3%) 26 (41.3%) 5(15.2%) 000
Comorbidities, n (%)
Hypertension 28 (28.6%) 25 (39.7%) 17 (51.5%) 046
Diabetes 10 (10.2%) 7 (11.1%) 5(15.1%) 739
CHD 9(9.2%) 9 (14.3%) 6 (18.1%) 340
Tumor 1(1.0%) 3(4.8%) 1 (3.0%) 338
Previous asthma 5(5.1%) 2 (3.2%) 4(12.1%) 186
CAT score 11.16+5.40 13.90+6.53 14.42+7.00 010
SGRQ score 20.05+1043 2995+ 1444 27.55+15.24 .000

BMI body mass index, COPD chronic obstructive pulmonary disease, CHD coronary heart disease, CAT COPD Assessment Test, SGRQ St.George’s Respiratory

Questionnaire

FEV1/FVC ratio. After bronchodilation, statistical differ-
ences in GI of the regional FVCg;r (P=0.025), FEV1g
(P<0.001), FIVCg(P=0.020), FEV1/FVCgy (P<0.001),
MEF25-75;,; (P=0.012), and T-75;; (P<0.001) were
observed among the three groups. After multiple com-
parisons, the GI of FEV1g, FVCgyp, FIVCy, FEV1/
FVCqr, and T-75g1 in the PRISm group was significantly
higher than that in the normal group. According to the
abnormal area defined by FEV1/FVCq;;, we found that
the COPD group had the highest proportion of abnormal
areas [83.40% (52.29%—98.39%)], followed by the PRISM
group [25.46% (17.31%-41.31%)], and the normal group
had the lowest [10.37% (3.34%-19.04%)], with statistically
significant differences. The average required time, T,
and T4 in the COPD group were greater than those in
the other two groups. The CoV shows a ventilation bias
towards the ventral side in the COPD group compared to
the other two groups. The normal group showed notable

(See figure on next page.)

improvements in parameters such as GI of T75, and
tiqr after bronchodilation (p<0.05), suggesting reduced
lung resistance, whereas COPD and PRISm patients
exhibited more limited improvements.

Finally, Fig. 3 presents a correlation analysis between
smoking index and lung function metrics, showing sig-
nificant associations noted for FEV1/FVCg;; abnormal
area, GI of T75¢;r, CoV, average time required, Tmed and
tiqr. Figure 4 further correlates SGRQ scores with lung
function, revealing a correlation with GI of FEV1/FVCp;
and T-75g;r, the abnormal areas of FEV1/FVC,, average
time required, tmed, and Tiqr.

Discussion

In the present study, spatial and temporal heterogene-
ity in regional lung function was found in patients with
COPD and PRISm compared to that in normal lungs
subjects. The baseline analysis revealed that among the

Fig. 2 EIT images examples. C: The patient from the COPD group Global inhomogeneity (Gl) of electrical impedance tomography derived regional
pulmonary function measures of forced expiratory volume in 1 s (FEV1), forced vital capacity (FVC), FEV1/FVC, forced inspiration vital capacity (FIVC),
middle expiratory flow rate at 25% to 75% of FVC (MEF25-75), time required to exhale 75% of FVC (T-75) in COPD, PRISm, Normal patients; FEV1/
FVC abnormal aera: pixels with an fEIT FEV1/FVC ratio less than 0.7 of the total lung region pixels; CoV: center of ventilation; Averaged time required:
the time required to exhale 75% of FVC; Time constant: as numerical statistics, the median (tmed) and interquartile range (tigr) of regional time

constants
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Fig. 3 Smoking index correlation analysis. EIT: electrical impedance tomography. PFT: pulmonary function tests. Gl: global inhomogeneity. FEV1:
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population diagnosed with COPD, only 28.6% had a
prior formal diagnosis, whereas 41.3% reported a history
of bronchodilator use. The COPD patient population is
predominantly male, older, and exhibits a high preva-
lence of both former and current smoking history, which
aligns with the findings of the current review [21]. We
also found that the hypertension prevalence, CAT score,
and SGRQ score were significantly greater in the PRISm
group than in the normal group, and the symptom score
was similar to that of COPD patients. This finding is con-
sistent with findings in previous studies that showed that
patients with PRISm had significantly increased respira-
tory symptoms and cardiovascular disease burden [22].
Currently, there is no research elucidating the causal
pathways between PRISm and comorbidities, potentially
due to environmental or genetic factors [23].

EIT has been extensively utilized in experimental and
clinical research [24-26], although its application dur-
ing PFT is relatively infrequent. In our study, patients
were seated with the EIT electrode plane oriented per-
pendicular to the gravity vector [27]. We quantified the
spatial and temporal heterogeneity of lung ventilation
via EIT by analyzing the ventilation distribution on the
basis of all pixel values derived from EIT measurements
of lung volume. Research combining EIT with PFT has
been conducted to investigate the spatial and temporal
heterogeneity of ventilation in young individuals, elderly
individuals, and patients with COPD [13], and the results
indicated that EIT can provide supplementary informa-
tion during PFT and help with identifying pathological
spatial and temporal heterogeneity in regional lung func-
tion. In the present study, we utilized the GI index, as
recommended for clinical practice [28], to assess spatial
and temporal heterogeneity.

The results of our study showed that EIT-based lung
function parameters can be used to assess differences
in spatial and temporal ventilation distribution between
COPD patients, PRISm patients, and those with normal
lung function, with higher levels of ventilation heteroge-
neity observed in COPD and PRISm patients (Table 2).
Compared to pulmonary function tests, EIT images can
locate regions with abnormal volume decreases and pro-
longed time anomalies, allowing for early identification
of regional lung dysfunction and injury. Previous study
has suggested that bronchial dilation therapy can influ-
ence regional EIT-derived lung function measurements.
Specifically, in asthmatic patients, the regional ventila-
tion distribution tends to improve following broncho-
dilator use [29]. Therefore, we assessed lung function
after bronchodilation to minimize the impact of airway
hyperresponsiveness on the patients. FVC, FIVC, and
FEV1 are mainly used as volume indicators [30], and the
EIT images of these indicators show the characteristics
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of volume changes in different regions. The GI values
of FEV1pr, FVCyyp, and FIVCy; offered a consolidated
view of the spatial ventilation distribution across the
chest region. Higher GI values correspond to increased
inhomogeneity in the pulmonary ventilation. Overall,
the pulmonary spatial heterogeneity of patients with
COPD and PRISm is higher than that of the normal lung
function. FEV1/FVC ratio, MMEF25-75% and T-75 are
mainly used to assess airflow obstruction indicators [30].
The proportion of pixels with an FEV1/FVC; ratio less
than 0.7, relative to the total number of pixels within the
lung region, was highest in the COPD group, and the
proportion of abnormal areas in the PRISm group was
higher than that in the normal group, exhibiting sta-
tistically significant differences.The GI vaules of FEV1/
FVCy;r evaluates the heterogeneity of the decline in the
forced expiratory volume in one second. The pathogene-
sis of COPD is rooted in the innate and adaptive immune
responses triggered by the inhalation of toxic particles
and gases. As the disease advances, several pathologi-
cal changes occur, including structural obstruction and
alterations in peripheral airways, airway remodeling due
to airway stenosis and peritubular fibrosis, destruction
of lung parenchyma, development of emphysema, and
modifications in pulmonary vasculature. These changes
collectively contribute to uneven lung ventilation and
a decreased FEV1/FVC ratio [31-33]. The pathology
of PRISm remains unclear. A multicenter prospective
study revealed that inflammatory markers are associated
with a decline in FEV1 in no pulmonary disease popula-
tions [34]. A cross-sectional study revealed that PRISm
is associated with small airway dysfunction and reduced
total lung capacity [35]. EIT-based regional lung func-
tion measurements enable the sensitive detection of
early regional lung function impairment, especially in
PRISm patients, indicating changes in regional FEV1/
FVCgr<0.7. This reduction in the one-second rate may
be related to physiological abnormalities and structural
lung pathology in this region, as well as inflammation,
air trapping, hyperinflation, and reduced lung diffus-
ing capacity. Inflammation and abnormalities in airway
structure and function are important not only for the
occurrence and development of COPD but also for simi-
lar changes in pre-COPD and PRISm patients [36]. In
our study, the average time required to exhale 75% of
the gas was 0.70 (0.60—0.80) s in the normal group, 0.80
(0.60-0.90) s in the PRISm group, and 1.70 (1.20-2.36) s
in the COPD group. Pulmonary function tests in COPD
patients shows prolonged expiratory time on the time-
volume curve, with failure to reach the expiratory pla-
teau or reaching the plateau in more than 6 s [37, 38]. The
GI of T-75¢ value shows the temporal heterogeneity of
regional lung function. Although there was no significant
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difference in average time between the PRISm and nor-
mal groups, the temporal heterogeneity was greater
in the PRISm group. This suggests that patients in the
PRISm group have lung regions with abnormally pro-
longed expiratory time. The time constant map reflects
the rate of lung inflation or deflation; a larger value
indicates slower inflation or deflation, while a smaller
value indicates faster inflation or deflation [39, 40]. In
our study, we calculated the FVC; time constant map,
which mainly provides an objective assessment of lung
compliance, airway resistance, respiratory muscle power,
and endurance [20]. The tigqr and tmed in the COPD
group are significantly longer than those in the other two
groups. The longer the time, the greater the likelihood of
lung injury. The CoV primarily reflects the characteristics
of the ventilation distribution in the dorsal-ventral axis.
Dorsal region collapse shifts the CoV upwards (<50%),
while overinflation shifts the CoV downwards (>50%)
[28, 41]. Patients with COPD showed a greater deviation
from the 50% value compared to the other two groups,
indicating a greater degree of lung injury.
Bronchodilators can reduce airway resistance and
are manifested in EIT as a shorter time constant. We
compared the data of patients before and after bron-
chodilation and detected an improvement in the post-
bronchodilation temporal heterogeneity of the lungs in
patients (Table 2). A previous study integrated the char-
acteristics of COPD patients with positive and negative
bronchodilation responses via the combination of PFT
and EIT [42]. Both groups exhibited an inhomogeneous
ventilation distribution. Significant improvements were
observed in the spatial distribution of the pixel FEV1
and tidal volume, as well as in the temporal distribu-
tion, among positive responders. Owing to the paucity
of patients exhibiting positive bronchodilator responses,
further comparative analysis was precluded within the
current study. However, we intend to expand our cohort
in subsequent studies to thoroughly investigate the dis-
tinctions between positive and negative responders.
Smoking can lead to an increase in pulmonary ventila-
tion heterogeneity. EIT is capable of evaluating the spa-
tial and temporal distribution of lung function in adults
without pulmonary disease and identifies an increased
heterogeneity in former and current smokers compared
to nonsmokers [43]. In COPD and PRISm patients,
smoking is identified as a pivotal environmental risk
factor [7, 44]. Previous studies have demonstrated that
smoking is associated with a decline in lung function [45,
46]. We found that a higher smoking index correlates
with a greater decrease in FEV1/FVC. Similarly, in the
regional lung function evaluated by EIT, the proportion
of areas with abnormal FEV1/FVC also increases (Fig. 3).
This further indicates that EIT can provide additional
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information, particularly in assessing spatial and tempo-
ral characteristics.

The more severe the respiratory symptoms, the higher
the pulmonary ventilation heterogeneity may be. We
found a strong correlation between symptom scores and
the partial temporal and spatial heterogeneity indices
provided by EIT (Fig. 4). On the basis of the results of
traditional PFT, some patients present significant symp-
toms, but their FEV1/FVC ratio is greater than 0.7. This
discrepancy may be because traditional spirometry cap-
tures changes in airflow in the central airways but lacks
spatial information. Regional lung function impairment
may be masked by other normal regions. Therefore, it is
common to overlook these types of patients in clinical
practice. These findings demonstrate that combining EIT
with PFT can provide additional information for clinical
diagnosis and treatment.

The authors of one study proposed the use of quanti-
tative HRCT imaging to evaluate PRISm characteristics,
revealing significant differences between PRISm and
small airway and vascular abnormalities in patients with
normal lung function. CT appears to be more sensitive
than PFT parameters for detecting early-stage COPD
[47]. However, the primary concern is exposure to ion-
izing radiation, and a comprehensive evaluation requires
advanced biphasic CT scans, which include both deep
inspiration and expiration phases, thereby increasing
the radiation dose. This significantly limits the clinical
applicability of this approach. Currently, multiple stud-
ies have utilized quantitative dynamic digital radiography
(DDR) to evaluate the pulmonary function of patients
with COPD. The studies have confirmed the association
of lung signal intensity changes during forced breathing
with pulmonary function and disease severity. However,
DDR lacks lateral information, which may limit its com-
prehensive assessment of the lungs [48, 49]. 2*Xe MRI
can characterize pulmonary ventilation. Models trained
on COPD patients showed high accuracy but didn’t study
those with different characteristics [50]. EIT is character-
ized by its noninvasive, simple, and repeatable nature.
Multiple clinical studies have demonstrated that EIT
exhibits good concordance and correlation with CT and
PFT, effectively reflecting pulmonary gas distribution
under different ventilation conditions [51, 52]. Several
clinical studies have reported the application of regional
lung function assessment via EIT in patients with chronic
lung diseases [53, 54]. Research has shown that this tech-
nology can effectively differentiate between patients and
healthy individuals. By providing additional regional lung
function information beyond that provided by PFT, EIT
facilitates comprehensive, personalized treatment.

Our study has several limitations. First, the EIT meas-
urements were generally obtained with patients in a
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seated position, which might result in suboptimal elec-
trode contact on the lateral aspects of the spine and ster-
num. At present, we rely primarily on adhesive tape for
electrode fixation; however, future advancements may
offer more effective solutions to address this limitation.
Another limitation of our study is the absence of long-
term follow-up. Since substantial changes in pulmo-
nary function are unlikely to occur within a short time
frame, future research should involve a larger cohort and
extended follow-up periods to evaluate the clinical rel-
evance of EIT in assessing regional lung function. Finally,
our study did not compare EIT with other imaging
modalities such as HRCT.

Conclusion

In conclusion, we first showed that EIT—based regional
lung function can assess outpatients’ lung status with
respiratory symptoms, sensitively distinguishing hetero-
geneity differences among COPD, PRISm patients and
those with normal lung function. We can detect regional
lung function impairments (especially in PRISm patients)
in patients with FEV1/FVC>0.7, which may be signifi-
cant for early COPD diagnosis.
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