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1 | INTRODUCTION

Sheng-Hao Lin'? |
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Abstract

Introduction: Impaired lung function has been observed in patients following
COVID-19 infection, with studies reporting persistent lung volume and diffusing
capacity impairments. Some studies have demonstrated significantly higher small
airway resistance in COVID-19 positive cases. This retrospective study aims to
examine impulse oscillometry (I0S) data of patients with persistent symptoms after
COVID-19 infection, focusing on the relationship between time and symptoms.
Material and Method: The study analyzed data from adult patients with persistent
symptoms who underwent I0S testing within and after 84 days from the
diagnosis date.

Result: The results showed that patients within 84 days and those between 31 and
84 days had higher small airway resistance values, indicating peripheral airway
disease. Patients with dyspnea exhibited higher 10S values compared to those with
cough symptoms, suggesting more significant impairment in the peripheral airways.
Conclusion: The study highlights the importance of using comprehensive diagnostic
tools like 10S to assess respiratory impairments in post-COVID-19 patients,
particularly in the small airways. Understanding the relationship between time and
symptoms can provide valuable insights for the treatment of peripheral airway
dysfunction in post-COVID-19 patients.
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resistance in COVID-19 positive individuals both during the acute
infection phase and after a 2-month follow-up,® as well as a 40-day

Numerous articles have reported impaired lung function in patients
following Coronavirus Disease 2019 (COVID-19) infection. Studies
have shown lung volume and diffusing capacity impairment persisting
up to 6 months after the acute infection.>? Impulse oscillometry (I0S)
is a noninvasive method used to measure airway resistance without
generating potentially infective aerosols. Certain investigations have

yielded compelling evidence of significantly elevated small airway

foIIow—up.4 Meanwhile, alternative research has directed its focus
towards chest imaging and lung ultrasound in post-COVID-19
patients.>® However, other studies did not find a significant increase
in small airway resistance among COVID-19 inpatients.” In this
retrospective study, we examine the |IOS data of patients with
persistent symptoms after COVID-19 infection in our hospital,

focusing on the relationship between time and symptoms.
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2 | MATERIALS AND METHODS

2.1 | Subject characteristics and design of study

This retrospective study reviewed the records of adult patients (>20
years) with persistent symptoms following COVID-19 infection who
underwent 10OS testing at the Changhua Christian Hospital Pulmonary
Function Laboratory between October 1, 2019, and December 31,
2022. Patients who underwent 10S examination more than 1 year
after contracting COVID-19 were excluded. Basic demographic
information was collected through chart review (Table 1). By world
health organization (WHO) statement, post COVID-19 condition is

usually diagnosed by a healthcare provider at least 3 months after a

TABLE 1 Basic characteristics of the patients with persistent
post-COVID-19 symptoms.
N %
Age, mean £ SD (year) 87 47.63+14.29
High, mean = SD (cm) 80 162.06 +8.18
Weight, mean £ SD (kg) 74 65.46+11.35
BMI, mean £ SD (kg/m?) 74 24.88+4.19
gender
female 59 67.8
male 28 322
cough
no 19 21.8
yes 68 78.2
Dyspnea
no 31 35.6
yes 56 64.4
Chest tightness
no 55 63.2
yes 32 36.8
10S data
R5Hz, mean = SD (kPa/(L/s)) 87 0.40+0.11
R20Hz, mean + SDSD (kPa/(L/s)) 87 0.31+0.08
X5Hz, mean £ SDSD (kPa/(L/s)) 87 -0.10+0.14
R5-R20, mean + SD (kPa/(L/s)) 87 0.09 +0.06
Fres, mean £ SD (1/s) 87 15.38+4.06
AX, mean = SD (kPa/L) 87 0.65+0.50
FVC, mean+SD (L) 87 3.19+0.89
FEV1, mean+SD (L) 87 2.70+0.79
FEV1/FVC(%), mean = SD (%) 87 106.20£8.18
MMEF25-75% (%), mean + SD (%) 87 86.82+28.67

Abbreviations: 10S, impulse oscillometry; SD, Std. Deviation.

patient falls ill with COVID-19. This 3-month period allows
healthcare providers to rule out the usual recovery period from an
acute illness. The British Thoracic Society (BTS) guide recommends
the evaluation of pulmonary function tests at 3 months post-
discharge, especially at follow-up with patients suspected of having
an interstitial disease.? Hence, the data were divided into two groups:
one within 84 days from the diagnosis date to the examination date,
and the other group after 84 days (Table 2). Based on numerous
articles that discuss post-COVID-19 changes in lung function, the
observed timeline typically spans around 1 month.”~*? Within the
group observed over an 84-day period, further categorization was
undertaken, dividing the data into two subsets: the first encompass-
ing up to 30 days, and the second covering the 31-84 day interval,
for subsequent analysis (Table 3). Additionally, we categorized
patients based on their subjective symptoms reported during
consultation, including cough, dyspnea, and chest tightness. We
aggregated the count of patients exhibiting these symptoms and
conducted group-wise comparisons (Table 3). Symptom severity was

not quantified.

2.2 | Impulse oscillometry

Impulse oscillometry measurements were performed using the Jaeger
Master Screen-lIOS system, following the recommendations of the
European Respiratory Society (ERS). Parameters such as the difference
between resistance at 5 Hz and resistance at 20 Hz (R5-R20), respiratory
system reactance (X5), resonance frequency (F.), and the area of
reactance (AX) were recorded. Small airway disease was defined as
R5-R20 >0.07 kPa/(L/s), X5<-0.12 kPa/(L/s), Fs>14.14 1/s, and
AX > 0.44 kPa/L based on data from a central medical center in Taiwan.*®

2.3 | Spirometry

Spirometry (Jaeger Masterscreen Body/Diff) was performed immedi-
ately after |OS. Recorded parameters include: forced vital capacity
(FVC), forced expiratory volume in the first second (FEV1), maximum
expiratory flow rate (MMEF25-75%), FEV1/FVC ratio.

2.4 | Statistical analysis

Descriptive analyses were conducted on the demographic data to
provide a comprehensive characterization of the sample. Post-COVID-
19 data were categorized into two groups based on clinical diagnosis:
one group comprising patients examined within 84 days from the
diagnosis date, and the other group consisting of patients examined
after 84 days. Moreover, within the group examined within 84 days,
further subgroups were created based on a time frame of approxi-
mately 30 days before and after the diagnosis date. To assess the
differences in clinical numerical records (R5Hz, R20Hz, X5Hz, R5-R20,
Fres, and AX) as measured by the Jaeger Master Screen-lIOS system,
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TABLE 2 10S data of two groups within and after 84 days.
within 84 days (N = 64)

Open Access

after 84 days (N = 23)

Abs V4

Mean £SD Mean +SD
Days 36.52 18.33 0.00 1.00
R5Hz 0.41 0.12 0.09 1.06
R20Hz 0.32 0.08 0.07 1.02
R5-R20 0.09* 0.07 0.06 1.07
X5Hz -0.11 0.05 -0.10 0.39
Fres 15.83? 4.23 0.11 1.04
AX 0.69% 0.54 0.09 1.09
FvC 3.14 0.86 -0.05 0.97
FEV1 2.67 0.74 -0.05 0.93
FEV1/F (%) 106.71 8.27 0.00 1.00
FEV1/FVC (L) 0.85 0.07 0.05 1.00
MMEF (%) 87.39 28.76 0.00 1.00

Abbreviations: 10S, impulse oscillometry; SD, Std. Deviation.
Meet the definition of small airway disease.
*p < 0.05.

TABLE 3 10S data of two groups within and after 30 days
within 30 days (n=29)

Abs V4
Mean + SD Mean + SD p value
133.00 34.10 0.00 1.00 <0.001*
0.37 0.09 -0.26 0.78 0.28
0.30 0.07 -0.20 0.93 0.39
0.08* 0.05 -0.17 0.78 0.41
-0.06 0.26 0.27 1.84 0.86
14.10 3.31 -0.31 0.81 0.11
0.53* 0.33 -0.25 0.66 0.39
3.32 0.98 0.15 1.10 0.58
2.81 0.94 0.13 1.19 0.88
104.77 7.90 0.00 1.00 0.35
0.84 0.07 -0.14 1.02 0.46
85.23 29.02 0.00 1.00 0.85

between 31 and 84 days (n = 35)

Abs V4

Mean £SD Mean +SD
Days 20.52 7.34 -0.87 0.40
X5Hz -0.11 0.05 -0.13 0.89
R5-R20 0.09* 0.06 -0.09 0.83
Fres 15.56° 4.07 -0.06 0.96
AX 0.62% 0.46 -0.13 0.85
FVC 3.32 0.89 0.21 1.03
FEV1 2.90 0.79 0.32 1.07
FEV1/F (%) 109.33 8.15 0.32 0.98
FEV1/FVC (L) 0.88 0.07 0.36 1.03
MMEF (%) 97.65 30.31 0.36 1.05

Note. (N = 64).

Abbreviations: 10S, impulse oscillometry; SD, Std. Deviation.
?Meet the definition of small airway disease.

Pp < 0.05.

between the two patient groups, the Mann-Whitney U test was
employed. This statistical method is specifically designed for assessing
non-normally distributed continuous variables. The effectiveness of I0S
testing in detecting small airway diseases was evaluated by analyzing
10S data based on various combinations of post-COVID-19 symptoms
(Patient's subjective feeling: cough, dyspnea, chest tightness). Statistical
significance was defined as a two-sided p-value < 0.05.

Abs V4
Mean £ SD Mean £ SD p value
49.77 13.37 0.72 0.73 <0.001°
-0.12 0.05 0.11 1.08 0.437
0.10° 0.08 0.07 1.13 0.898
16.05° 441 0.05 1.04 0.756
0.75 0.60 0.10 1.11 0.571
3.00 0.82 -0.17 0.95 0.249
247 0.64 -0.26 0.87 0.046°
104.54 7.84 -0.26 0.95 0.013°
0.83 0.06 -0.30 0.89 0.012°
78.89 24.73 -0.30 0.86 0.009°
3 | RESULT

Data from 87 patients with COVID-19 infection and postinfection
I0S measurements were collected. Among them, 64 patients were
enrolled in the group within 84 days, and 23 patients were enrolled in
the group after 84 days. The mean values of R5-R20, F,., and Ax in
all 87 patients met the definition of small airway disease (Table 1).
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Within the group within 84 days, the mean values of R5-R20, Fcs,
and Ax also met the definition of small airway disease. In the group
after 84 days, the mean values of R5-R20 and Ax met the definition
of small airway disease (Table 2). There is no statistical significance
found between two groups. Before 84 days, the group displayed
relatively low average values for lung function (FVC, FEV1, FEV1/
FVC, FEV1/FVC(%)), accompanied by high airway resistance (R5,
R20, R5-R20, X5, Fres, and Ax).

The mean values of R5-R20, F,.s, and Ax met the definition of
small airway disease both in the group within 30 days and the group
within 31-84 days (Table 3).

The values of FEV1, FEV1/FVC, FEV1/FVC(%) and MMEF were
observed to be significantly lower between 31 and 84 days as

compared to the measurements taken within 30 days (Table 3).

4 | DISCUSSION

In our study, all 87 post COVID-19 infection patients demonstrated
mean values of three out of four parameters that met the definition
of small airway disease. However, spirometry did not indicate any
signs of obstruction or restrictive lung disease, including MMEF25-
75% (is used to evaluate airflow in peripheral airways).2*®> These
findings highlight the significance of assessing peripheral airway
function using 10S in post COVID-19 patients with preserved
spirometry. By utilizing 10S, we can gain valuable insights into the
state of the small airways, which may be affected even in the absence
of detectable abnormalities in traditional spirometry measurements.
This emphasizes the importance of employing comprehensive
diagnostic tools to capture the full spectrum of respiratory impair-
ments in post COVID-19 patients.

We are aware that more values of R5-R20, Fs, and AX, indicate
increased nonuniformity in airflow distribution in peripheral airway.
More absolute value of X5, which reflects the more possibility small
airway collapse.’® Our findings indicate a tendency towards greater
nonuniformity in the peripheral airway within the <84 days group,
accompanied by relatively low average lung function, although
statistical significance was not observed. The observed result might
be due to differences in group sizes or the overall population not
being adequately large.

Further analysis within the <84 days group revealed that the flow
in the distal airway was more nonuniform in the 31-84 days
subgroup compared to the group within 30 days, although statistical
significance was not observed in this case either (Table 3). In addition,
it was observed that FEV1, FEV1/FVC, and MMEF exhibited
significantly lower values between 31 and 84 days in contrast to
the measurements captured within 30 days. Similar findings were
also evident in the meta-analysis article,>” which disclosed a higher
prevalence of obstructive patterns in the study by You J et al, in
comparison to the studies that gathered lung function data at an
earlier timeframe (30 days after symptom onset and 38 + 13.4 days
after hospital discharge). This observation suggests that patients with
persistent post COVID-19 symptoms between 31 and 84 days may

have more nonuniform peripheral airway function and lower lung
function. The underlying reason for this observed phenomenon
remains unidentified. It could stem from the complex patho-
physiology of COVID-19 infection or the intricate interplay within
the course of the disease. Conversely, after 84 days, patients
generally exhibit improvements in their peripheral airway function
(Table 2).

Furthermore, our analysis of the IOS parameters in relation to
symptoms (Table 4) revealed interesting findings. Patients presenting
with three symptoms exhibited more I0S values compared to those
with single or two symptoms. It is understandable that patients with
multiple symptoms may have more severe uniformity in small airways
and impaired lung function than those with only a single symptom.
Additionally, among the single symptom assessed, patients experien-
cing dyspnea had more IOS values and lower lung volume compared
to those with cough symptoms. This suggests that dyspnea may be
associated with more significant impairment in the peripheral airways
than cough symptoms in post COVID-19 patients. However, the
relationship between the two symptom groups (Dyspnea & Chest
tightness; Cough & Dyspnea) was less clear. Chest tightness is a
nonspecific symptom that can be attributed to the respiratory
system, cardiac system, or even emotions. Consequently, the
outcome of this classification may not necessarily provide an
accurate representation of the small respiratory tract and lung
function. Lung diffusing capacity impairment and ventilatory impair-
ment can contribute to subjective dyspnea. Unfortunately, we did not
conduct DICO inspections concurrently; otherwise, the data would

have been presented more comprehensively.

5 | LIMITATION

According to our country's national health insurance system, only
one-time inspection or examination can be used. Besides, we do not
have I0OS data for the patients before this iliness. Therefore, we
cannot distinguish whether the changes in oscillometry results were
caused by COVID-19 or were already present before. We are also
unable to collect complete medical history of patients, such as
cardiopulmonary morbidities, because almost all patients are con-
sulted through video calls. The composition of patient demographics
matches real-world practical scenarios rather than clinical trial
settings. Despite these limitations, our study is representative of
real-world experience. Finally, the small sample size of this
retrospective research reinforces the need for future studies that

incorporate a larger number of patients.

6 | CONCLUSION

In conclusion, our study demonstrates that IOS can effectively detect
small airway disease in post COVID-19 patients experiencing
persistent symptoms, even in the absence of spirometric obstruction

or restrictive lung disease. Furthermore, among patients with
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persistent symptoms between 31 and 84 days, there appears to be a
higher degree of nonuniformity in the peripheral airway, and lower
lung function compared to the group within 30 days. This could
potentially be attributed to the progression of the disease course
following a post-COVID-19 infection. All these findings highlight the
importance of focusing on the treatment of peripheral airway
abnormalities in post COVID-19 patients. Future follow-up studies
should explore the efficacy of interventions such as fine particle
bronchodilators and inhaled corticosteroids specifically targeting the
peripheral airways.*®-2! By addressing these peripheral airway issues,
we can potentially improve the respiratory outcomes and quality of
life for individuals experiencing persistent symptoms following
COVID-19 infection.
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