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Resumo

Introdugao: As bronquiectasias ndo associadas a fibrose quistica (BNFQ) constituem uma doenca
respiratdria crénica caracterizada por uma dilatacdo irreversivel da via aérea, inflamacao persistente
e infecbes recorrentes. A oscilometria de impulso (I0S) tem emergido como uma técnica
promissora, ndo invasiva, para a avaliacdo da fungao respiratéria, sendo particularmente Gtil em
doentes que ndo conseguem realizar as manobras expiratdrias forcadas exigidas pela espirometria.
No entanto, a sua utilidade na avaliacdo clinica das BNFQ permanece pouco explorada.

Objetivo: Esta revisao sistemdtica teve como objetivo avaliar o papel da |OS na avaliagdo de adultos
com BNFQ, especificamente quanto ao seu valor diagndstico, correlacdo com a gravidade da
doenca, capacidade de prever a reversibilidade da obstru¢ao brénquica e associacdo com desfechos
clinicos como exacerbacgdes, hospitalizagdes e mortalidade.

Métodos: Foi realizada uma pesquisa sistematica da literatura em janeiro de 2025, nas bases de
dados PubMed, Scopus, Web of Science e Cochrane, seguindo as diretrizes PRISMA. Foram incluidos
estudos que avaliassem doentes adultos com BNFQ utilizando 10S, e que relatassem associagdes
com desfechos clinicos, radioldgicos ou funcionais. Apenas artigos com resumos acessiveis foram
incluidos. A qualidade metodoldgica dos estudos selecionados foi avaliada utilizando a escala de
Newcastle-Ottawa adaptada para estudos transversais.

Resultados: Foram incluidos sete estudos. A 10S demonstrou maior sensibilidade do que a
espirometria na detecdo de disfungdo das pequenas vias aéreas, especialmente em casos iniciais
ou ligeiros da doenca. Vérios parametros da |OS apresentaram correlagdes moderadas a fortes com
scores de gravidade e achados radiolégicos. No entanto, os resultados foram heterogéneos e as
correlagbes com desfechos clinicos como exacerbagdes ou hospitalizagbes mostraram-se
inconsistentes. Apenas um estudo avaliou a resposta a terapéutica com broncodilatador,
identificando o parametro R5-R20 como um potencial preditor. Os parametros da |0S mantiveram-
se relativamente estaveis entre diferentes fases da doenga, limitando a sua utilidade na detecdo de
alteracbes agudas.

Conclusao: A I0S pode complementar as ferramentas tradicionais na avaliacdo de doentes com
BNFQ, especialmente na identificacdo de alteracGes nas pequenas vias aéreas, mas é necessaria
uma maior padronizagao e investigacao longitudinal futura.

Palavras-chave: bronquiectasias ndo associadas a fibrose quistica, oscilometria de impulso, testes
de fungao pulmonar, gravidade da doenga, exacerbacdo, revisao sistematica.



Abstract

Background: Non-cystic fibrosis bronchiectasis (NCFB) is a chronic respiratory disease characterized
by irreversible airway dilation, persistent inflammation, and recurrent infections. Impulse
oscillometry (I0S) has emerged as a promising non-invasive technique for assessing respiratory
function, particularly useful for patients unable to perform forced maneuvers required in
spirometry. However, its clinical utility in NCFB remains underexplored.

Objective: This systematic review aimed to evaluate the role of 10S in assessing adult patients with
NCFB, focusing on its diagnostic value, correlation with disease severity, ability to predict airway
reversibility, and association with clinical outcomes such as exacerbations, hospitalizations, and
mortality.

Methods: A systematic literature search was conducted in January 2025 across PubMed, Scopus,
Web of Science, and Cochrane databases, following PRISMA guidelines. Studies were included if
they assessed adult NCFB patients using 10S and reported associations with clinical, radiological, or
functional outcomes. Only peer-reviewed articles with accessible abstracts were considered. Study
quality was assessed using the Newcastle-Ottawa Scale adapted for cross-sectional studies.

Results: Seven studies were included. 10S showed greater sensitivity than spirometry in detecting
small-airway dysfunction, especially in early or mild disease. Several I0S parameters correlated
moderately to strongly with radiological and severity scores. However, the findings were
heterogeneous, and associations with outcomes such as exacerbations and hospitalizations were
inconsistent. Only one study evaluated bronchodilator response, highlighting R5-R20 as a potential
predictor. I0S parameters remained relatively stable across disease stages, limiting their value in
acute monitoring.

Conclusion: I0S may complement traditional tools in NCFB evaluation, particularly for identifying
small-airway abnormalities, but standardization and further longitudinal research are needed.

Keywords: non-cystic fibrosis bronchiectasis, impulse oscillometry, pulmonary function tests,
disease severity, exacerbation, systematic review.
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Introduction

Bronchiectasis is a chronic respiratory disease characterized by abnormal and irreversible bronchial
dilation, resulting from the combination of local inflammatory and infectious processes, along with
inadequate secretion clearance, airway obstruction, immunodeficiency, genetic disorders (such as
cystic fibrosis (CF) and primary ciliary dyskinesia (PCD)), systemic and autoimmune diseases (such as
inflammatory bowel disease and rheumatoid arthritis) and chronic aspiration.? These mechanisms
interact in a self-perpetuating cycle known as the "vicious vortex", where airway infection, chronic
inflammation, mucociliary dysfunction, and lung damage continuously potentiate each other. This
dynamic interaction better represents the pathophysiology of bronchiectasis, leading to persistent
lung inflammation, recurrent infections, and progressive lung damage, ultimately impairing lung
function. The complexity and multiplicity of the underlying pathophysiological mechanisms warrant a
multimodal therapeutic approach, posing significant challenges in disease management.’?

As a result of these pathological processes, patients with bronchiectasis commonly present with a
chronic cough with abundant sputum production and recurrent chest infections. The condition is
typically diagnosed based on clinical symptoms and confirmed by chest high-resolution computed
tomography (HRCT), which reveals characteristic radiographic features such as bronchial enlargement
and wall thickening. ¥*

Epidemiological data regarding the prevalence of bronchiectasis in the general population are
heterogeneous, ranging from 52.3 to over 1000 per 100000 individuals. Nevertheless, it is estimated
that the incidence and prevalence of bronchiectasis has been increasing globally, resulting in not only
a higher socioeconomic burden associated with healthcare for this condition but also a significant
psychosocial impact on the lives of these patients.>®

Moreover, bronchiectasis is a complex and heterogeneous condition with diverse etiologies,
highlighting the importance of a thorough etiological investigation, and a variable prognosis. Some
patients experience a relatively stable disease course, while others exhibit rapid progression marked
by frequent exacerbations, accelerated lung function decline, and an increased risk of hospital
admissions.” Accurate assessment of bronchiectasis severity is crucial for optimizing clinical
management, predicting outcomes, and guiding therapeutic interventions.® While no universally
accepted definition of bronchiectasis severity exists, several validated scoring systems have been
developed, including the Bronchiectasis Severity Index (BSl), FACED, and E-FACED scores. These tools
effectively predict clinical outcomes such as mortality and hospitalization, but require extensive
clinical history, microbiological data, and exacerbation records, limiting their use in initial

assessments. 7>1!

Consequently, pulmonary function tests (PFTs) remain central to evaluating bronchiectasis severity.
In fact, PFTs are fundamental tools for diagnosing and monitoring chronic respiratory diseases, and
maximizing their utility is crucial for improving patient care. Among these, spirometry is recognized in
guidelines as the gold standard for assessing airflow limitation.'?* However, spirometry’s



requirement for forceful breathing maneuvers poses practical challenges for individuals with physical
frailty, severe disease, or limited cooperation, such as young children or older adults.'> Compared to
chest HRCT, PFTs may be more appropriate as a first-line approach in patients with suspected
bronchiectasis, given that they are more accessible, less costly, and free from radiation exposure.
However, spirometry has some limitations in detecting early lung function impairment, and the delay
between disease onset and radiological diagnosis can compromise timely intervention, reinforcing the
need for alternative, non-invasive techniques that can reliably assess lung function and improve early

detection.**’

In this context, the Impulse Oscillometry System (IOS) has emerged as a promising non-invasive
alternative technique for assessing respiratory function in patients with bronchiectasis, and it is
particularly suitable for individuals who have difficulty performing spirometry. I0S measures
respiratory impedance (Zrs), which includes both respiratory resistance (Rrs) and respiratory
reactance (Xrs), by imposing multiple-frequency sound waves over normal tidal breathing, offering a
comprehensive assessment of lung function. ¥2° Among the key parameters measured, resistance at
5 Hz (R5) reflects total respiratory resistance, resistance at 20 Hz (R20) represents central airway
resistance, and R5-R20 reflects the resistance of the peripheral airways. As for reactance, reactance
at 5 Hz (X5) reflects the elastic properties of the peripheral airways (with lower values indicating
decreased lung elasticity), while the area of reactance (AX) provides a measure of lung elasticity and
is particularly useful for assessing small airway obstruction. The resonant frequency (Fres), the point

where reactance crosses zero, differentiates between low and high-frequency reactance. 81921

I0S offers advantages in assessing respiratory function by providing complementary information to
traditional spirometry, as it can, for instance, differentiate between central and peripheral airway
resistance. This is particularly relevant because in obstructive airway diseases, the earliest changes
often occur in the smaller, more distal airways, which offer minimal resistance at high lung volumes
and may not significantly impact maximal airflow measured by FEV;. As such, spirometry is a
suboptimal PFT for the evaluation of early airway disease.?*% Consequently, I0S may be a useful
complementary tool for the evaluation of lung function in this context. 19242

Despite its potential advantages, 10S remains underutilized in routine bronchiectasis care due to
uncertainties surrounding its clinical application and the lack of standardized cut-offs for defining
abnormal 10S results. Moreover, to the best of our knowledge, no systematic reviews to date have
evaluated the role of 10S in predicting exacerbations, treatment response, and long-term clinical
outcomes.

Given the increasing prevalence of bronchiectasis worldwide and the growing recognition of
bronchiectasis as a clinically relevant entity in the field of respiratory medicine, effective strategies for
predicting exacerbation risk and guiding disease management are essential. As a non-invasive and
accessible tool, I0S presents a valuable opportunity for improving bronchiectasis assessment in clinical
practice.

This systematic review aims to address these gaps by examining the available literature on the role of
I0S in evaluating non-cystic fibrosis bronchiectasis (NCFB) in adults. Specifically, this review will assess
the diagnostic value of I0S parameters in NCFB, their correlation with disease severity, their predictive



potential for airway obstruction reversibility, and their association with key clinical outcomes like
hospital admissions and mortality. Additionally, this review will explore the variability of 10S
parameters across different disease stages, including acute exacerbations, while also identifying
limitations in 10S’s predictive capabilities and clinical utility.

By synthesizing current evidence, this systematic review aims to provide insights into the potential of
IOS as a practical, non-invasive tool for NCFB assessment and management, enhancing clinical
decision-making and improving patient care.



Methods

Eligibility criteria:

The PECOS (P-patient; E-exposure; C-comparator; O-outcome; S-study design) framework was

followed to select the studies to include in the present systematic review.

The inclusion criteria for this systematic review encompassed published peer-reviewed studies
involving adult patients (aged 18 years or older) diagnosed with NCFB, and who underwent |10S for
disease evaluation. Only studies in which the primary focus was the assessment of NCFB in clinical

practice were included.

Studies were only included if there was at least one association between I0S and one of the following
outcome measures: diagnostic accuracy for distinguishing patients with NCFB from healthy individuals;
correlation of 10S parameters (R5, R20, R5—-R20, X5, AX, Fres) with disease severity (as assessed by
chest HRCT, BSI, or FACED scores); feasibility and clinical applicability of I0S compared to other
pulmonary function tests (e.g., spirometry) and prediction of airway reversibility or clinical outcomes

such as exacerbation frequency, hospital admissions or mortality.

Experimental studies, such as randomized clinical trials, as well as observational studies, including
cohort, case-control, and cross-sectional studies, were included for a comprehensive gathering of
available data on 10S in the assessment of NCFB. However, only articles with accessible abstracts were

included.

Exclusion criteria were applied to studies that focused exclusively on bronchiectasis resulting from CF,
traction bronchiectasis or pseudobronchiectasis. Studies that utilized non-10S forced oscillation
techniques (FOT) to evaluate bronchiectasis were also excluded. Furthermore, review articles, study
protocols, or studies that did not explicitly mention bronchiectasis in the title or abstract were not

considered for inclusion.

No restrictions were applied based on language, geographic location, or publication date.

Information sources:

This systematic review was conducted in strict adherence to the guidelines outlined in the Preferred

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. ¢



Since all data used in this review were obtained from previously published peer-reviewed studies, no

ethical approval or patient consent was necessary.

The databases searched were PubMed, Scopus, Cochrane and Web of Science. The last search was

conducted in January 2025.

Search strategy:
To explore the current state of the art regarding 10S in the assessment of NCFB, an initial search was

conducted using the query “impulse oscillometry and bronchiectasis.” Subsequently, to further align
with the objectives of this systematic review, additional searches were performed employing relevant
search terms that were developed from Medical Subject Headings (MeSH), and keywords generated

from the subject headings.

In general, the following search query was used across the four databases, targeting the title, abstract,
and keyword fields: ("Impulse oscillometry" OR "Oscillometric" OR I0S OR Oscillometry OR
Oscillometries) AND ("Non-cystic fibrosis bronchiectasis" OR "Non-CF bronchiectasis" OR
Bronchiectasis). Minor adjustments were made according to the specific search requirements of each

database.

Study selection:
The study selection process began with a screening phase in which two reviewers (FA and MHR)

independently conducted searches across the four databases. Each reviewer then compiled a list of
potentially eligible studies, based on the title and abstract, with any discrepancies regarding article
inclusion being resolved by a third reviewer (TO). Following the removal of duplicate records and
studies that did not meet inclusion criteria, the full texts of the remaining potentially eligible papers
were retrieved and thoroughly reviewed. Finally, exclusion criteria were applied, and all reviewers

reached a consensus on the final list of included studies.

Quality assessment of the individual studies:

Given that all selected studies were cross-sectional in design, quality assessment was conducted using
the Newcastle-Ottawa Scale adapted for cross-sectional studies, which is available in the
supplementary materials of the referenced article.?’ This scale is designed to assess the quality of non-
randomized studies to be included in a systematic review, and it is recommended by Cochrane and
PRISMA guidelines for observational studies.?®?® Using a star-rating system, it evaluates studies across

three key domains: the selection of study groups; the comparability of these groups; and the



assessment of the outcome of interest. Each study was independently assessed by two reviewers, FA
and MHR. Any discrepancies identified during the evaluation were discussed, and a consensus table
was developed (Table I). A scoring system ranging from 0 to 10 was applied (Very Good Studies: 9-10

stars; Good Studies: 7-8 stars; Satisfactory Studies: 5—6 stars; Unsatisfactory Studies: 0—4 stars).

In general, most studies were rated as good or very good. Overall, study samples were deemed
reasonably representative of the general population, although most studies did not report a formal
sample size calculation. The majority of studies provided clear exclusion criteria and accounted for
excluded participants, for which we assigned one star in the “non-respondents” assessment category.
Study results were obtained based on hospital records and validated measurement tools. The studies
adjusted for important confounding factors, including age, body mass index, disease severity, and
comorbidities, using multivariable regression models. Independent blind assessment and appropriate

statistical methods were employed, with p-values and confidence intervals clearly reported.



Results

This systematic review included seven studies investigating the diagnostic and prognostic utility of 10S
in patients with NCFB. All studies explored associations between 10S parameters and clinical,
radiological, or functional outcomes. The findings are presented according to the predefined outcome

categories. The study selection process is illustrated in Figure 1.

Characteristics of the included studies:

A comprehensive table (Table II) was constructed to synthesize the key data extracted from the
selected studies. The information included variables such as study design and population
characteristics, namely sample size, number of patients and controls, and participants’ mean age. The
tools used to assess bronchiectasis severity and the 10S system employed in each study were also
documented. Additionally, details regarding the pulmonary function assessment methods used in
comparison with 10S (e.g., chest HRCT, spirometry) were recorded. Finally, the table included the

outcomes measured, specifically the I0S parameters.

Diagnostic value of I0S in bronchiectasis

Several studies demonstrated that 10S is a sensitive tool for detecting early-stage or mild
bronchiectasis, particularly in patients with a normal spirometry. Guan et al. (2015) found that 10S was
more sensitive than FEV; in identifying airflow limitation and small-airway involvement, particularly in
patients with milder radiological involvement (chest HRCT scores <5). Similarly, Guan et al. (2016)
reported that small-airway abnormalities detected by I0S were evident in mild bronchiectasis

cases.?%30

Liang et al. (2022) identified R5 z-score as the most accurate 10S parameter for detecting respiratory
diseases, including bronchiectasis, with specificities over 80%, but with low sensitivity, making it less
ideal for diagnostic purposes. In fact, traditional spirometric parameters remained superior for

diagnostic precision, with FEV; and FEV,/FVC z-scores showing the highest sensitivity and specificity.?!

Perossi et al. (2022) emphasized the value of I0S and chest HRCT analysis in identifying early

abnormalities, especially in patients with less advanced disease.3?

I0S parameters and disease severity correlation

I0S parameters showed significant correlations with both clinical and radiological markers of disease

severity. Guan et al. (2015, 2016) reported that I0S parameters (except R20) were significantly



associated with chest HRCT scores and the BSI. Additionally, Guan et al. (2015) observed that elevated
I0S parameters were found in patients with Pseudomonas aeruginosa chronic bronchial infection,
ventilation dyshomogeneity, more bronchiectatic lung lobes and cystic bronchiectasis (all p < 0.05),
while higher 24-hour sputum volume was linked to lower X5, and higher Fres and AX (all p < 0.05).
Although I0S small-airway parameters, like R5-R20, demonstrated moderate correlations with both
the BSI and the chest HRCT total score, Guan et al. (2016) highlighted that in patients with milder

radiological involvement (chest HRCT score < 6), these correlations became non-significant.?*%

Tan et. al (2022) found that patients with Pseudomonas aeruginosa chronic bronchial infection had
longer disease duration, more acute exacerbations and lower FVC, VC, and PEF values. However, there
were no significant differences in I0S parameters between Pseudomonas aeruginosa positive and
negative subgroups. Also, Guan et al. (2016) noted that 10S abnormalities were more closely related
to cystic bronchiectasis and ventilation dyshomogeneity than to the isolation of Pseudomonas

aeruginosa or predominantly middle/lower lobe bronchiectasis.3%33

Tan et al. (2022) found significant differences in 10S parameters (R5, R5-R20, Rp, Fres and Z5) across

severity groups (mild, moderate and severe NCFB), assessed by FACED and BSI scores.>?

Perossi et al. (2022) identified a moderate correlation between R5-R20 and BSI (r=0.53), but it was
stronger than the correlation found by Guan et. al (2016) (r=0.32). Also, Perossi et. al (2022) found
significant correlations between |0S parameters, mainly R5 and R5-R20, and Medical Research Council

(MRC) scale scores.3%32

In addition to clinical indices, Perossi et al. (2022) also assessed the correlation between 10S
parameters and chest HRCT findings. They reported that R5 correlated with normalized bronchial wall
thickness (Pi10) (r = 0.57), whereas no significant correlation was found with subjective chest HRCT

scoring systems.3?

Yamamoto et al. (2020) demonstrated that inspiratory Fres correlated with both BSI, FACED and E-
FACED scores and was predictive of disease progression. Tan et al. (2022) found that 10S values like R5,
R5-R20, Fres, Z5 and AX (but not R20) increased and X5 decreased with NCFB severity, assessed by BSI

and FACED scores.3%3

Liang et al. (2022) proposed a severity grading system based on R5, R5-R20 and X5 z-scores, defining

cut-offs for mildly, moderately, and severely increased parameters, while Choi et al. (2024) developed
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a new scoring tool (incorporating 10S parameters, body mass index and sex) that effectively predicted
moderate to severe NCFB (defined by the FACED score), with an high Area Under the Curve (AUC =
0.809) of the Receiver Operating Characteristic (ROC) curve. This study also demonstrated that only X5

<-0.238 showed a significant multivariable relationship with NCFB severity (p = 0.039).31%

I0S in predicting airway obstruction reversibility

Tan et al. (2022) was the only study to evaluate bronchodilator responsiveness. Pre-bronchodilator R5-
R20 was identified as the strongest predictor of a positive bronchodilator response in spirometry (AUC
= 0.794; 81% sensitivity, 69.8% specificity). However, the study did not report a specific cut-off value

for R5—R20 to predict bronchodilator responsiveness.33

IOS parameters as predictors of clinical outcomes

I0S parameters were associated with clinical outcomes, including exacerbations, hospital admissions,
and mortality. Guan et al. (2015) showed that Z5, R5, Fres and AX positively correlated with
exacerbation frequency within a two-year period (all p < 0.05). Yamamoto et al. (2020) demonstrated
that inspiratory Fres had the highest predictive value among reactance parameters for both hospital

admissions and mortality, with AUCs of 0.672 and 0.781, respectively.?3*

Guan et al. (2016) showed that neither 10S nor spirometry small-airway parameters correlated with
the temporal interval since symptom onset exacerbation frequency within a two-year period (all p >
0.05) in the subgroup with radiologically mild bronchiectasis (chest HRCT score < 6). However, R5-R20,
X5, Fres and AX correlated positively with exacerbation frequency within a two-year period (all p <
0.01) in the mild to moderate bronchiectasis subgroup. Additionally, Tan et al. (2022) found that,
although patients with previous hospital admissions had longer disease duration and more
exacerbations, no significant differences were observed in I0S parameters between these patients and
those without prior hospital admissions. In contrast, traditional pulmonary function parameters such

as FVC and FEV, were significantly lower in patients with a history of hospitalisation.3%33

I0S parameter variability across disease stages

Guan et al. (2015) reported minimal variation in 10S parameters between baseline, exacerbations and

post-exacerbation convalescence period (all p > 0.05), remaining stable within 5% of baseline values.?
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Discussion

This systematic review included seven studies, each with distinct methodologies and patient

populations, raising critical points for analysis and interpretation.

Excluded population

One of the main limitations identified in this review is the exclusion criteria applied in the included
studies. Most studies excluded patients with allergic diseases and various systemic conditions,
potentially limiting the generalizability of the findings. Additionally, the decision to exclude patients
with CF or traction bronchiectasis, as they exhibit distinct pathophysiological mechanisms and may
require a different clinical management, contributed to maintaining a more homogeneous population,
whilst reducing applicability to a broader context. Including patients with CF bronchiectasis or traction
bronchiectasis in future studies (through studies focused exclusively on these subgroups or by
incorporating them into larger cohorts with stratified analyses) would enhance the relevance and
applicability of the results and allow for assessment of whether findings from NCFB populations can

be extrapolated to other bronchiectasis subtypes.

Variability in I0OS systems

Another important factor to consider is the heterogeneity of I0S equipments used in the studies.
Differences in device calibration, technical specifications, measurement standards and the training of
respiratory physiologists in performing and interpreting the test may contribute to variability in 10S
parameter outcomes, challenging cross-study comparisons. This inconsistency highlights the need for
standardized protocols and consensus on reference values to enhance comparability and

reproducibility.

Main findings and interpretation

The use of 10S in detecting early-stage or mild NCFB has been consistently demonstrated by the
studies, even in patients with preserved spirometry, which is relevant as early detection may allow for
timely intervention. However, it is crucial to note that IOS parameters like R5 z-score, while showing
high specificity, demonstrated low sensitivity according to Liang et al. (2022), and an overlap in
oscillometric parameters between healthy subjects and disease patients, indicating that 10S alone
might not be sufficient for diagnostic purposes, and rather be utilized as a complementary tool to
traditional PFTs and other methods.3! The discordance in the sensitivity and specificity reported among
studies may be attributed to differences in study populations, the severity of bronchiectasis, or the

criteria used to define abnormal 10S values. Overall, the literature suggests that while 10S has
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discriminatory potential, especially in assessing small-airway dysfunction, it may be more appropriate
for a more thorough characterization of pulmonary function than for establishing a definitive diagnosis

of NCFB.

Several studies have explored the correlation between I0S parameters and the severity of
bronchiectasis, utilizing different severity indices, such as BSI and FACED. 10S parameters, except R20,
have shown varying degrees of correlation with disease severity markers, such as chest HRCT scores
and BSI. Nevertheless, the strength of these correlations varied, with some studies (e.g., Perossi et al.,
2022) reporting stronger associations than others (e.g., Guan et al., 2016).3%32 This discrepancy might
be explained by differences in patient inclusion criteria, particularly the presence of patients with

severe disease in the first study versus their exclusion in the second.

Moreover, Perossi et al. (2022) supports the use of quantitative chest HRCT analysis over subjective
scoring when evaluating structural-functional relationships with 10S.32 Another important
consideration is that some 10S small-airway parameters (e.g., R5-R20) showed moderate correlations
with severity indices, but these became non-significant when the analysis was restricted to patients
with milder radiological involvement (chest HRCT score < 6). This suggests that 10S may be less

reflective of disease severity when NCFB presents with mild structural changes.*°

Nevertheless, the strength and significance of these correlations can vary depending on the specific
I0S parameter and the severity index being considered. Additionally, 10S’s ability to reflect disease
severity may vary depending on the dominant NCFB morphology (e.g., cystic versus cylindrical), which

remains insufficiently explored.

Regarding the influence of factors such as Pseudomonas aeruginosa chronic bronchial infection,
although this situation is associated with a worse prognosis, studies have reported inconsistent
findings. While Tan et al. (2022) and Guan et al. (2016) showed that no significant differences were
found in 10S parameters between the Pseudomonas aeruginosa positive and negative subgroups,
Guan et al. (2015) found that 10S parameters were significantly higher in the Pseudomonas aeruginosa

positive subgroup.?93033

Tan et al. (2022) identified R5-R20 as the most reliable predictor of bronchodilator responsiveness,

suggesting its potential utility in identifying NCFB patients with small-airway disease responsive to

bronchodilators, who are more likely to benefit from bronchodilator therapy even without an
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established obstructive ventilatory defect in spirometry.®®> Nonetheless, the lack of corroborative

studies limits the generalizability of this finding, highlighting the need for further validation.

The relationship between 10S parameters and clinical outcomes such as exacerbations,
hospitalizations, and mortality remains inconsistent. While some studies, including Guan et al. (2015)
and Yamamoto et al. (2020), found significant correlations between 10S parameters and these
outcomes (with inspiratory Fres being identified as the most predictive parameter), others, such as
Guan et al. (2016) and Tan et al. (2022), did not.?39333% For instance, Guan et al. (2016) reported no
correlation between 10S small-airway parameters and exacerbation frequency over the previous two
years in the radiologically mild bronchiectasis subgroup (chest HRCT score < 6), suggesting that 10S
measured during a stable phase may not adequately capture the cumulative impact of past
exacerbations. Likewise, Guan et al. (2015) observed that 10S parameters remained stable across both
baseline (stable disease phase), acute exacerbations and post-exacerbation convalescence period. One
possible explanation for this unexpected finding is the presence of significant underlying airway
dysfunction already during clinical stability, due to persistent features such as mucus plugging and
airway remodeling, as suggested by Guan et al. (2015). As a result, the increase in peripheral airway
obstruction during exacerbations may not be sufficiently distinct from baseline to produce statistically
significant changes in 10S measures. Additionally, IOS may not be sufficiently sensitive to certain acute
pathophysiological alterations during exacerbations, such as changes in sputum rheology or airway
microenvironment. Finally, methodological limitations, particularly the small number of patients
assessed during exacerbations (n = 16), may have limited the ability to detect relevant changes in I0S

parameters.

The stability of 10S parameters during exacerbations and post-exacerbation convalescence periods
supports the growing clinical focus on long-term lung function trajectories rather than short-term
fluctuations. As this concept gains recognition for its relevance in monitoring and guiding treatment
decisions in chronic respiratory diseases, serial IOS measurements during stable phases may help to

define an individual’s lung function trajectory.?®

These findings suggest that I0S may be better suited for patient chronic monitoring in the stable phase
of NCFB, as it can reflect disease severity at a given moment, but does not consistently capture acute
changes, long-term disease progression or the cumulative impact of past clinical events, highlighting

its uncertain role in predicting long-term outcomes.
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The variability in results across studies may be attributed to differences in study design, such as the
inclusion of patients with varying degrees of disease severity, differences in follow-up duration, and

heterogeneity in the baseline health status of included patients.

Comparison with other reviews

While previous reviews on 10S have primarily focused on asthma and COPD, there is limited literature
specifically addressing 10S in NCFB. To our knowledge, no systematic review to date has explored the
use of 10S in the assessment of patients with NCFB. This systematic review contributes to the field by
synthesizing data from multiple studies that specifically address NCFB, highlighting both the potential
and limitations of 10S as a diagnostic and monitoring tool in this population, thereby filling a gap in the

existing literature.

Limitations and strengths of the included studies

Several studies had limitations related to small sample sizes and single-center designs, which may have
introduced selection bias. Additionally, as all the studies are cross-sectional, the lack of longitudinal
data limits generalization and the ability to draw prognostic conclusions. Furthermore, the exclusion
of patients with more severe NCFB in some studies restricts the applicability of the findings to the

broader NCFB patient population.
Nonetheless, the studies have notable strengths, including the use of rigorous statistical methods and
the integration of clinical, radiological, and oscillometric data, which enhances the reliability of their

conclusions.

Clinical implications and contributions

Despite the inherent limitations of 10S, including variability between devices and the lack of
standardized cut-off values, this review highlights its potential to identify small-airway dysfunction in
NCFB patients, particularly those with mild or early-stage disease. Integrating I0S into routine clinical
practice could facilitate earlier diagnosis and improved monitoring of disease progression, especially
when traditional spirometry fails to detect subtle changes, or when its use is not possible, such as in
individuals with physical frailty or limited cooperation. However, given the inconsistencies in diagnostic
accuracy and clinical outcome predictions, 10S should be used as a complementary tool rather than in
isolation, integrated within a comprehensive diagnostic approach that includes clinical, radiological,
and spirometric assessments. Also, IOS might have a role in long-term monitoring, although it may not

adequately detect acute changes.
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To enhance its practical application, providing training for healthcare professionals on executing 10S
and interpreting its results, especially in distinguishing between central and peripheral airway
involvement, is crucial. Nonetheless, its clinical implementation remains challenged by variability in
study designs, device specifications, and measurement standards, highlighting the need for

standardized guidelines and further research to consolidate its role in routine clinical practice.

Future directions

Further multicenter, longitudinal studies are needed to validate I0S in NCFB and explore its clinical
applications, with a focus on standardizing measurements and establishing cut-off values to enhance
consistency across different devices and generalizability. Additionally, research comparing 10S with
other diagnostic methods, such as spirometry and chest HRCT, across different disease stages is
essential to determine its predictive value in monitoring disease progression and exacerbation risk.
Studies assessing the real-world impact of integrating 10S into routine practice would also provide

valuable insights into its practical utility, thereby guiding personalized management strategies.
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Conclusion

This systematic review highlights the potential of 10S in detecting small-airway abnormalities and
monitoring disease progression in NCFB, particularly in early stages. However, variability in study
populations, methodologies, and 10S devices calls for cautious interpretation. Standardized protocols
and further research are essential to establish I10S as a reliable tool in bronchiectasis management,

optimizing its integration into clinical practice.
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Appendix

Table I. Quality assessment of the selected studies, based on the Newcastle-Ottawa Scale adapted
for cross-sectional studies.?’ (Very Good Studies: 9-10 stars; Good Studies: 7—8 stars; Satisfactory
Studies: 5-6 stars; Unsatisfactory Studies: 0—4 stars).

Study Selection Comparability Outcome Total Score
(max. 5 stars) (max. 2 stars) (max. 3 stars)
Choi et al. 8
(2024) * * * ** * * * Good Study
Tan et al. 9
(2022) * * ** * * * * * Very Good Study
Guan et al. 9
(2015) * * ** * * * * * Very Good Study
Guan et al. 10
(2016) ***** * * * * * Very Good Study
Yamamoto 10
et al. (2020) ***** * * * * * Very Good Study
Perossi et al. 7
(2022) * * * * * * * Good Study
Liang et al. 10
(2022) *** ** * * * * * Very Good Study
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Records identified from:
All Databases (n=89)
Web Of Science (n=31)

PubMed (n=25)
Cochrane (n=1)

!

!

Studies included in review (n=7)

Scopus (n=32) —»

Records removed before screening:
Duplicate records removed (n=38)

Records excluded (n=37)
No abstract available (n=7)
Review article (n=5)
Study protocol (n=1)

No assessment of bronchiectasis (n=12)

CF bronchiectasis (n=4)
Traction bronchiectasis (n=2)
No use of I0S (n=2)

Patients <18 years old (n=4)

Reports not retrieved (n=1)

Records screened (n=51)

Reports sought for retrieval

(n=14) —>
Reports assessed for eligibility

(n=13) — >

Reports excluded:
Reason 1 — other FOT (not 10S) (n=1)
Reason 2 — the focus is not on the
assessment of bronchiectasis by 10S in
clinical practice (n=5)

Figure 1. PRISMA 2020 flow diagram of the literature search process.? CF: Cystic Fibrosis. 10S: Impulse

Oscillometry System. FOT: Forced Oscillation Technique.
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Table Il. Summary of the characteristics of the selected studies. NTM: non-tuberculous mycobacteria. BSI:

Bronchiectasis Severity Index. MRC: Medical Research Council. 10S: Impulse Oscillometry System. HRCT: High-Resolution

Computed Tomography. R5, R10, R15, R20, R25, R35: resistance at 5Hz, 10Hz, 15Hz, 20Hz, 25Hz and 35Hz, respectively. R5-

R20: peripheral airway resistance. Fres: resonant frequency. AX: reactance area. ALX: low-frequency reactance area. X5:

reactance at 5Hz. Z5: airway impedance at 5Hz. Rc: central resistance. Rp: peripheral resistance.

(Auewuan (£'8€ 98e ueaw) Ansi8a4 Aiowio||12so
SX ‘843qya0H s|oJau02 Ayyeay £96=N as|ndwy ue :saseasip
XV ‘sa44 ‘0zY ‘uoisndaJse)) LA34 JO S}j0-1nd {(6'7S @3e ueaw) syuaned Asojedidsau ul Aszswio)|12so radord
-GY ‘OzY ‘sy Alyswouids SO| U9342SJ21Se|N Suipeud Anuanas SISe391yduoiq 60T=N Jo uonesjdde |eajuid “le 1o Suen
0°C UOISIBA TT°C UOISJIaA N L SISe3291ydu0Uq
‘weu3oud eloep 91nsAJluas youne sisoJqy 213sAd-uou
Buisn sisAjeue | 2Jemyos ‘(Auewusan $9400S J419Y ul saxapul |eaidojoydiow
aAIeHIUEBND ‘1DYH ‘8angzanpp palipow pue (8'TS 98e ueaw) syuaned pue |euojouny 7oz ‘e
024-SY ‘OzY ‘sy 1s9yd ‘Aijdwouids ‘198aer) sO| 498ser 91e2s DYIN ‘Isg sIseyda1youolq ge=N ‘|eajuljd Suowe uolle|a440) 19 1S5043d
dnou3qgns
INLN-uOU 8yl ul 80T pue
(=% 24n3n2 wnindg uedef ‘oAjo] dnoJ8qns NL1N 941 Ul 86 A1rowo||19sQ as|ndwj Suisn
‘saud X1V ‘Ocy ‘2402s | JYH “p11 0D ' 3s9YD | S8403S 0IDV4-3 :(9'0. @8e ueaw) syuaned sise1291yduo.g ul AjIanas 020C “|e1®
-GY ‘OgY ‘sy 1s9yd ‘Airowouids ‘10-ydea31so\ SOl pue @3dv4 ‘Isd SISe3a91yduoiq 90z=N 95easiQ JO uoilen|eal ojowewe\
(Auewuan (sseaA g/-8T 98ueu) SISe1291Yyduo.g 91eJapolA
24n1jnd wninds ‘849qyYd0H s|0J3u02 Ayyesy 9z=N 01 P|IIA Ul S1213Wweled
oX ‘XV ‘94025 1DYH ‘uoisn4ale)) waisAs ‘sjuaied sise3da1youolq Aemuiy-|jews Aixswouids 9T0¢
‘sal4 ‘0zy-SY 3sayd ‘Aizowouds SOI-SIA 4393vr 1S4 9lelapowl/p|iw y6=N pue Aiawol|1dsQ as|ndw| “le3d ueng
(Auewusan (6'6€ @3e ueaw)
24n3jnd wninds ‘849qyooH s|0J43u02 Ayyjeay 8z=N
‘GX XV ‘ sal4 ‘8400S 1DYH ‘uoisn4aJle)) waisAs {(6'€ @8e ueaw) syuaned SISe3991Yydu0ig YIm synpy S10C
‘OcY ‘sY ‘sz 1s9yd ‘Aljpwouids SOI-SIN ¥193Vr N sIse3a3lyduoiq 00T=N ul Andwo)|19sQ asindw| “leia uenp
GX ‘s244 ‘GEY $9402S S)|Yg (25 28e ueaw) Aemuiy ay3 Sunipald
‘ST ‘0TY-SY ainynd (Sn ‘elutoyijen ‘on pue ejleyg sjoJ3u00 Ayyesy TZT=N pue Ayuanss aseasig
‘ozY ‘sTY ‘OTY wninds ‘Alswouids | uoisn4ase)) waisAs 1419y paljipow {(¢'09 @3e ueaw) syuaned Sunenjeas ur Anzawo||19soQ 220t
‘GY ‘Gz ‘dy oy ‘AydessowsAyia|d SOl dHNSAI3UDS ‘1S9 ‘a3ov4 sise3da1youolq /=N asindwi Jo 3|0y 3y L “le3d ue]
(z'9L a8e
(Auewuan ueaw) 949A9s/21e19pOoW sisejoa1yououg
oY% ‘8unqzinpn ‘4939er ¥ pue (6°£9 23e 40 Ajluanas aya
XV ‘s ‘0cy You3) waisAs ueaw) pjiw TOT :s3ualied gunoipald ul Aydwol|so 20t
-GY ‘OzY ‘sy Anawouidg SOl ge14a1sen 9102s 03DV SISe3291Yydu0Iq SyT=N as|ndwy Jo ssaujnyasn “le1a 10y
SISe3291yduoUq
(sso19wWweued 40 AJu9ASS Y1 (98e ueaw pue JEIA
SOI) sawo21nQ uosiedwo) wiasAs SO JO uonen|eny (N) oz1s 9| dwes) uonejndod Sl ‘sioyiny

18



References

1. Chalmers JD, Chang AB, Chotirmall SH, Dhar R, McShane PJ. Bronchiectasis. Nat Rev Dis Primers.
2018;4(1). doi:10.1038/s41572-018-0042-3

2. ten Hacken N, Kerstjens H, Postma D. Bronchiectasis. BMJ Clin Evid. 2008;2008:1507. Accessed
April 20, 2025. https://pmc.ncbi.nlm.nih.gov/articles/PMC2907995/

3. Perea L, Faner R, Chalmers ID, Sibila O. Pathophysiology and genomics of bronchiectasis.

European Respiratory Review. 2024;33(173). doi:10.1183/16000617.0055-2024

4, Flume PA, Chalmers JD, Olivier KN. Advances in bronchiectasis: endotyping, genetics,
microbiome, and disease heterogeneity. The Lancet. 2018;392(10150):880-890.
doi:10.1016/S0140-6736(18)31767-7

5. Nigro M, Laska IF, Traversi L, Simonetta E, Polverino E. Epidemiology of bronchiectasis. Eur

Respir Rev. 2024;33(174). doi:10.1183/16000617.0091-2024

6. Wang L, Wang J, Zhao G, Li J. Prevalence of bronchiectasis in adults: a meta-analysis. BMC Public
Health. 2024;24(1):2675. doi:10.1186/512889-024-19956-y

7. Chalmers ID, Aliberti S, Filonenko A, et al. Characterization of the “frequent exacerbator
phenotype” in bronchiectasis. Am J Respir Crit Care Med. 2018;197(11):1410-1420.
doi:10.1164/rccm.201711-22020C

8. Hill AT, Haworth CS, Aliberti S, et al. Pulmonary exacerbation in adults with bronchiectasis: A
consensus definition for clinical research. European Respiratory Journal. 2017;49(6).

doi:10.1183/13993003.00051-2017

9. Chalmers JD, Goeminne P, Aliberti S, et al. The bronchiectasis severity index an international

derivation and validation study. Am J Respir Crit Care Med. 2014;189(5):576-585.
doi:10.1164/rccm.201309-15750C

19



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20

Martinez-Garcia MA, Athanazio RA, Girdn R, et al. Predicting high risk of exacerbations in
bronchiectasis: The E-FACED score. International Journal of COPD. 2017;12:275-284.
doi:10.2147/COPD.5121943

Martinez-Garcia MA, De Gracia J, Relat MV, et al. Multidimensional approach to non-cystic
fibrosis bronchiectasis: The FACED score. European Respiratory Journal. 2014;43(5):1357-1367.
doi:10.1183/09031936.00026313

Guan WJ, Gao YH, Xu G, et al. Characterization of lung function impairment in adults with

bronchiectasis. PLoS One. 2014;9(11). doi:10.1371/journal.pone.0113373

Davies G, Wells AU, Doffman S, Watanabe S, Wilson R. The effect of Pseudomonas aeruginosa
on pulmonary function in patients with bronchiectasis. European Respiratory Journal.

2006;28(5):974-979. doi:10.1183/09031936.06.00074605

Global Initiative for Chronic Obstructive Lung Disease - Global Initiative for Chronic Obstructive

Lung Disease - GOLD. Accessed April 7, 2025. https://goldcopd.org/

Graham BL, Steenbruggen |, Barjaktarevic I1Z, et al. Standardization of spirometry 2019 update
an official American Thoracic Society and European Respiratory Society technical statement.

Am J Respir Crit Care Med. 2019;200(8):E70-E88. doi:10.1164/rccm.201908-1590ST

Weinheimer O, Achenbach T, Bletz C, Diiber C, Kauczor HU, Heusse CP. About objective 3-D
analysis of airway geometry in computerized tomography. IEEE Trans Med Imaging.

2008;27(1):64-74. doi:10.1109/TMI.2007.902798

Reiff1 DB, Hanselll DM. CT Findings in Bronchiectasis: Limited Value in Distinguishing Between

Idiopathic and Specific Types. www.ajronline.org

Smith HJ, Reinhold P, Goldman MD. Forced Oscillation Technique and Impulse Oscillometry. Vol
31.; 2005.

Bickel S, Popler J, Lesnick B, Eid N. Impulse Oscillometry: Interpretation and Practical

Applications. Chest. 2014;146(3):841-847. doi:10.1378/CHEST.13-1875



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

King GG, Bates J, Berger KI, et al. Technical standards for respiratory oscillometry. European

Respiratory Journal. 2020;55(2). doi:10.1183/13993003.00753-2019

Oostveen E, MacLeod D, Lorino H, et al. The forced oscillation technique in clinical practice:
Methodology, recommendations and future developments. European Respiratory Journal.

2003;22(6):1026-1041. doi:10.1183/09031936.03.00089403

Stanojevic S, Kaminsky DA, Miller MR, et al. ERS/ATS technical standard on interpretive
strategies for routine lung function tests. European Respiratory Journal. 2022;60(1).

doi:10.1183/13993003.01499-2021

Mcdonough JE, Yuan R, Suzuki M, et al. Small-Airway Obstruction and Emphysema in Chronic

Obstructive Pulmonary Disease. Vol 17.; 2011.
Zimmermann SC, Tonga KO, Thamrin C. Dismantling airway disease with the use of new
pulmonary function indices Number 1 in the Series “Dismantling Airway Disease” Edited by

Sinthia Bosnic-Anticevich and Marc Humbert. doi:10.1183/16000617.0122

Shirai T, Kurosawa H. Clinical application of the forced oscillation technique. Internal Medicine.

2016;55(6):559-566. doi:10.2169/internalmedicine.55.5876

PRISMA statement. Accessed April 7, 2025. https://www.prisma-statement.org/

Herzog R, Alvarez-Pasquin MJ, Diaz C, Del Barrio JL, Estrada JM, Gil A. Are healthcare workers
intentions to vaccinate related to their knowledge, beliefs and attitudes? A systematic review.

BMC Public Health. 2013;13(1). doi:10.1186/1471-2458-13-154

Cochrane Handbook for Systematic Reviews of Interventions | Cochrane Training. Accessed

April 7, 2025. https://training.cochrane.org/handbook

Guan WJ, Gao YH, Xu G, et al. Impulse oscillometry in adults with bronchiectasis. Ann Am Thorac

Soc. 2015;12(5):657-665. doi:10.1513/AnnalsATS.201406-2800C

21



30.

31.

32.

33.

34.

35.

36.

22

Guan WJ, Yuan JJ, Gao YH, et al. Impulse oscillometry and spirometry small-airway parameters
in mild to moderate bronchiectasis. Respir Care. 2016;61(11):1513-1522.
doi:10.4187/respcare.04710

Liang X, Zheng J, Gao Y, et al. Clinical application of oscillometry in respiratory diseases: an

impulse oscillometry registry. ERJ Open Res. 2022;8(4). doi:10.1183/23120541.00080-2022

Perossi J, Koenigkam-Santos M, Perossi L, et al. Correlation among clinical, functional and
morphological indexes of the respiratory system in non-cystic fibrosis bronchiectasis patients.

PLoS One. 2022;17(7 July). doi:10.1371/journal.pone.0269897

Tan C, Ma D, Wang K, et al. The Role of Impulse Oscillometry in Evaluating Disease Severity and
Predicting the Airway Reversibility in Patients With Bronchiectasis. Front Med (Lausanne).

2022;9. doi:10.3389/fmed.2022.796809

Yamamoto Y, Miki K, Tsujino K, et al. Evaluation of disease severity in bronchiectasis using

impulse oscillometry. ERJ Open Res. 2020;6(4):1-12. doi:10.1183/23120541.00053-2020

Choi JS, Kwak SH, Chul Kim M, et al. Usefulness of Impulse Oscillometry in Predicting the
Severity of  Bronchiectasis. Tuberc  Respir Dis (Seoul). 2024;87(3):368-377.
doi:10.4046/trd.2023.0160

Melén E, Faner R, Allinson JP, et al. Lung-function trajectories: relevance and implementation

in clinical practice. The Lancet. 2024;403:1494-1503. doi:10.1016/5S0140-6736(24)00016-3



INSTITUTO DE CIENCIAS BIOMEDICAS ABEL SALAZAR



