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Respiratory system parameters in children with low
severity cystic fibrosis: is there early involvement in

relation to healthy peers?

ParGmetros do sistema respiratorio em criancas com fibrose cistica
de baixa gravidade: hd acometimento precoce em relacdo a pares

saudaveis?

Gabriela Castilhos Ducati® ®, Juliona Cardoso® @, Elaine Paulin Ferrazeane® @,
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ABSTRACT

Objective: To compare and analyze pulmonary function and
respiratory mechanics parameters between healthy children and
children with cystic fibrosis.

Methods: This cross-sectional analytical study included healthy
children (HSG) and children with cystic fibrosis (CFG), aged
6—13 years, from teaching institutions and a reference center
for cystic fibrosis in Floriandpolis/SC, Brazil. The patients were
paired by age and sex. Initially, an anthropometric evaluation was
undertaken to pair the sample characteristics in both groups; the
medical records of CFG were consulted for bacterial colonization,
genotype, and disease severity (Schwachman-Doershuk Score
— SDS) data. Spirometry and impulse oscillometry were used
to assess pulmonary function.

Results: In total, 110 children were included, 55 in each group.
In the CFG group, 58.2% were classified as excellent by SDS,
49.1% showed the AF508 heterozygotic genotype, and 67.3%
were colonized by some pathogens. Statistical analysis revealed
significant differences between both groups (p<0.05) in most
pulmonary function parameters and respiratory mechanics.
Conclusions: Children with cystic fibrosis showed obstructive
ventilatory disorders and compromised peripheral airways
compared with healthy children. These findings reinforce the
early changes in pulmonary function and mechanics associated
with this disease.

Keywords: Clinical markers; Ventilator-induced lung injury;
Spirometry; Oscillometry.

RESUMO

Objetivo: Comparar e analisar pardmetros de fun¢do pulmonar e de
mecanica respiratdria entre escolares saudaveis e com fibrose cistica (FC).
Métodos: Estudo transversal que incluiu escolares saudaveis (GES)
e com FC (GFC), com idades entre seis e 13 anos, provenientes
de instituicdes de ensino e de um centro de referéncia da FCem
Florianépolis/SC, Brasil, pareados poridade e sexo, respectivamente.
Inicialmente, conduziu-se avaliacdo antropométrica para pareamento
e caracterizacdo de ambos os grupos e, no GFC, consultou-se
prontudrio médico para registro dos dados de colonizacdo
bacteriana, genétipo e gravidade da doenca (Escore de Schwachman-
Doershuk—ESD). Para a avaliacdo da funcdo pulmonar, realizou-se
espirometria e a avaliacdo da mecanica respiratoria foi conduzida
por meio do sistema de oscilometria de impulso.

Resultados: Participaram 110 escolares, 55 em cada grupo.
No GFC, 58,2% foram classificados pelo ESD como excelentes,
49,1% apresentaram gendtipo AF508 heterozigoto e 67,3% eram
colonizados por alguma patégeno. Houve diferenca significativa
(p<0,05) na maioria dos parametros de funcdo pulmonar e de
mecanica respiratdria entre os grupos.

Conclusodes: Escolares com FC apresentaram disturbio ventilatério
obstrutivo e com comprometimento de vias aéreas periféricas,
em comparacao aos escolares higidos. Esse evento reforca o inicio
precoce da alteracdo de funcdo pulmonar e de mecanica respiratoria
nessa enfermidade, evidenciados pelos achados desta investigacao.
Palavras-chave: Marcadores clinicos; Lesdo pulmonar induzida
por ventilacdo mecénica; Espirometria; Oscilometria.
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Healthy and cystic fibrosis lung variables in children

INTRODUCTION

Cystic fibrosis (CF) is a multisystemic disease that affects the
pancreatic, hepatic, gastrointestinal, and reproductive sys-
tems,! with pulmonary impairment being the leading cause of
death. Sputum accumulation, recurrent infections, and chronic
inflammation lead to epithelial tissue damage which results in
airway remodeling and progressively reduced lung function.!
Therefore, disease progression, pulmonary exacerbations, and
respiratory insufficiency may require lung transplantation.?
For this reason, a systematic assessment of the respiratory
system is a part of disease management. Specific examina-
tions using a spirometer and the impulse oscillometry system
(IOS) are routinely used to determine the severity of pulmo-
nary impairment, to evaluate the response to therapies, and
to monitor disease progression.®> Spirometry is indicated for
children with CF older than five years and is performed at
every clinical appointment or at least twice a year.? Forced expi-
ratory volume in one second (FEV) is the most important
parameter because it predicts mortality and lung transplanta-
tion.*> Nowadays, the importance of a forced expiratory flow
between 25 and 75% of vital capacity (FEF,,

cussed because it can recognize obstruction in medium and
367

) is often dis-

small airways.

As a supplement to spirometry in CE 1OS analyzes thoracic
and pulmonary mechanical properties,® and detects patients
with obstructive and restrictive disease. IOS allows passive and
straightforward evaluation because it does not involve forced
expiratory maneuvers; therefore, it is safe for individuals with
CE as disease progression may lead to airway instability and
the technique uses only tidal volume breaths.” IOS measures
resistance at 20 Hz (R20), which reflects central airway resis-
tance, and resistance at 5 Hz (R5), which estimates the total
airway resistance.'® Furthermore, reactance (X) corresponds
to the mechanical properties of the distal airways, including
alveoli and bronchioles,"” whereas pulmonary impedance (Z)
is related to the total mechanical load of the entire system.'
Therefore, the use of IOS in CF aims to detect early patho-
logic small airway impairment, similar to the effects of control
therapy and response to bronchodilators; thus, IOS is a good
tool to control the health status of this disease.’

Considering that clinical status worsening is related to
impairment of daily living activities, poor quality of life,
higher risk of bronchiectasis, and recurrent hospitalization in
patients with CE? comparing data from the respiratory system
of healthy, school-age children and those with CF could allow
us to understand disease evolution and facilitate early moni-
toring.! Therefore, the objective of this study was to compare
and analyze respiratory system parameters between healthy

children and those with CE

METHOD

This quantitative cross-sectional study included healthy chil-
dren (HSG) and a group of children with cystic fibrosis (CFG)
aged six to 13 years. The informed consent forms were prop-
erly signed by their parents or guardians and approved by the
Research Ethics Committee of the State University of Santa
Catarina — UDESC (Certificate of Presentation for Ethical
Appreciation — CAAE:38770314.1.0000.0118 for healthy
children and 36493314.8.000.5361 for the children with CF).
In the CFG, the children were recruited from a referral
center for CF in the Joana de Gusmio Children’s Hospital in
Florianépolis/SC, Brazil. Diagnosis was confirmed following
the Brazilian guidelines for the diagnosis and treatment of CE?
All participants were clinically stable at the time of data col-
lection, according to a Cystic Fibrosis Clinical Score (CFCS)"!
of less than 25 points, and Cystic Fibrosis Foundation Score
(CFES)" of less than four points, for pulmonary exacerbation.
In both groups, children with diagnosis of cardiorespiratory,
musculoskeletal, rheumatic, and neurological disease, as well as
those with hearing impairment, visual deficits, assessed through
health history questionnaire applied with their guardians, or
upper airway symptoms (coryza, sneezing, obstruction of nose,
and epistaxis), and those who were unable to perform any of
the study procedures were excluded. In the HSG, the children
were recruited from teaching institutions and their respiratory
health was assessed with the International Study and Allergies
in Childhood (ISAAC)" for asthma and allergic rhinitis.
Initially, the sample was characterized by anthropometric
evaluation, including body mass measurement in kilograms
(Ultra Slim W903-Wiso®) and height in meters (Sanny®).
The children were in a standing position, wearing light clothes
and no shoes for this evaluation. To calculate body mass index
(BMI-kg/m?) a children’s calculator available at the Ministry
of Health/Brazil Telehealth Program website'* was used. In the
CFG, pathogen colonization data, genotype, disease severity,
and the Schwachman-Doershuk score (SDS) were obtained
from the medical records. The SDS classifies disease severity
as severe, poor, average, good, and excellent when the scores
are <40, 40-55, 56-70, 85-71, and 86-100, respectively.®
To assess pulmonary function, spirometry was performed
using a portable spirometer (EasyOne®, Fleximed, USA) fol-
lowing the American Thoracic Society/ATS guidelines.'® To exe-
cute the test, each child remained seated while wearing a nasal
clip and performed a forced expiratory maneuver three times.
The parameters of forced vital capacity (FVC), forced expiratory
flow in one second (FEV), forced expiratory flow at 25-75%
(FEF,; 5,

as absolute and predicted percentage (%opred) values, accord-

), and peak expiratory flow (PEF) were considered

ing to Polgar and Weng'” and Knudson et al.'®
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Mechanical respiratory assessment was performed using
the IOS (pneumatograph Master Screen 10S, Erich Jaeger,
Germany®), the calibration was completed daily and the device
was located in a controlled environment (temperature and relative
humidity), monitored through the digital Thermo hygrometer
Incoterm 7663°, ensuring temperatures between 17 and 40°C.

The exam was performed following the ATS guidelines."”
The children remained in a sitting position and were instructed
to couple their mouth to the mouthpiece and to perform sponta-
neous breaths in tidal volume, stable and smooth. Oscillometric
measures of at least 20 seconds were considered. The test was
considered valid if the trace was linear, ascendant, and within
the system’s range of normality and when the child performed
the test without interference such as coughing, crying, or swal-
lowing during measurements. All participants performed three
consecutive measurements, with a standard interval of 30 s
between each measurement.

The registered absolute and predicted percentage values
of respiratory impedance at 5 Hz (Z5), total airway resistance
(R5), central airway resistance (R20), and reactance at 5 Hz (X5)
parameters were considered as absolute and predicted percentage
(%opred) values calculated according to the Brazilian equation.®

Data were analyzed using the Statistical Package for the Social
Sciences (SPSS®) version 20.0. Data distribution was verified
using the Shapiro-Wilk test, applying descriptive statistics and
frequencies. In addition, the Mann-Whitney U test was used
to compare the respiratory system parameters between groups.
The significance level was set at 5% for all the tests. The sample
size was calculated # priori using G*Power 3.1 software, with
the test power set at 95%, effect size of 0.80 — adopted based
on the premise that with this value we can guarantee enough
power to detect any effect that may have existed®! — and the

significance level set at 5%, estimating 55 children in each group.

RESULTS

In total, 110 children participated in this study (55 in each
group). In CFG, 58.2% were classified as excellent by SDS,
49.1% showed the AF508 heterozygotic genotype, and 67.3%
were colonized by some pathogens. The other sample charac-
terization data are shown in Table 1.

Regarding pulmonary function, the CFG had FEV, FEF,
150> and PEF% below the predicted value, and there was a signif-
icant difference between the groups in all spirometric parameters
assessed (p<0.05). Further, most mechanical respiratory parame-
ters, except R20 (Table 1), showed a difference between the CFG
and HSG, with higher values for CE Furthermore, the HSG had
spirometric and oscillometric parameters in the predicted range
of values, except Z5 and X5 that were above the predicted values.

DISCUSSION

This study demonstrates the significant differences between
the respiratory system parameters of children with CF and
their healthy counterparts, a statement that is supported by

the literature,”!°

reinforcing the importance of early moni-
toring disease progression using this system. Despite the low
disease severity in the study sample, pulmonary function and
respiratory mechanics of children with CF were already altered
in the school age as compared to healthy children, which is
worthy of attention. Furthermore, most children with CF had
obstructive ventilatory disorders and increased airway resis-
tance, mainly in the peripheral airways, which corroborates
findings previously published in the literature? concerning
the early and progressive respiratory system impairment, with
an initial impact in small airways.

In this context, FEV | is one of the main predictors of pul-
monary function decline,” whereas, in the current investiga-
tion, the CFG had values below 80%), despite a low disease
severity. Furthermore, according to the literature, adolescents
are at a higher risk of decline in pulmonary function than are
children or adults.* A longitudinal study of 20,664 patients
with CF concluded that the propensity for a decline in pul-
monary function increases progressively from six to 15 years of
age.” A later study suggested that children with worse pulmo-
nary function in early infancy (from the age of six to eight) tend
to have higher declines during childhood and adolescence,”
ultimately leading to inadequate ventilation distribution, air-
way obstruction, pulmonary hyperinflation, and air trapping.?

However, a systematic review showed that the predicted
decline in FEV | with age is not static or directly proportional,
as discussed previously, but dynamic and variable over time.?
This statement is justified when disease progression is consid-
ered to be associated not only with physiological factors but
also with the influence of the social environment (economic
position, education, family and cultural beliefs) of each indi-
vidual.?” This scenario reinforces the importance of an early
systematic assessment of pulmonary function, considering all
spheres in which the individual is active, so that it is possible
to act more consistently throughout the disease progression,
at different ages, but mainly in younger children.

It is also necessary to consider other spirometric parame-

and

25-75%
FEV /FVC are sensitive enough to identify obstruction in small

ters. Studies have shown that parameters such as FEF

airways.® In a study conducted by American researchers, includ-
ing 93 children with CF at a mean age of four years, FEF,. .
was already reduced when compared with that in a control
group.” This corroborates the current findings, which detected
a difference in this parameter between the analyzed children.

The FEF,, ., measures the mean flow in a determined volume
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Table 1. Sample characterization regarding sex, age, anthropometry, pulmonary function, respiratory mechanic
parameters, and comparison results between the healthy children and children with cystic fibrosis

Variables

HSG CFG
n=55 n=55 p-value

Mean+SD (ClI) Mean+SD (CI)

Age (years) 9.45+2.18 (8.86-10.04) 9.5242.26 (8.91-10.14) 0.860
Female sex (%) 45.5 45.5 -

Body mass (kg) 31.90+9.16 (29.43-34.38) 30.09+9.20 (27.60-32.58) 0.180
Height (m) 1.4040.17 (1.36-1.45) 1.35+0.14 (1.32-1.39) 0.260
BMI (kg/m?) 16.074£2.25 (15.46-16.68) 15.914£2.21 (15.31-16.51) 0.758
Z5 (kPa/L/s) 0.63+0.15 (0.59-0.67) 0.82+0.31 (0.74-0.91) <0.01
RS (kPa/L/s) 0.60+0.15 (0.56-0.64) 0.75+0.28 (0.68-0.83) <0.01
R20 (kPa/L/s) 0.53+0.40 (0.42-0.64) 0.52+0.10 (0.49-0.55) 0.102
X5 (kPa/L/s) -0.1740.05 (-0.19-(-0.16)) -0.3240.17 (-0.37-(-0.27)) <0.01
Z5 (%) 141.784+43.70 (129.96-153.59) 182.05+81.61 (159.98-204.11) 0.010
R5 (%) 97.06+22.64 (90.94-103.18) 121.50+44.58 (109.45-133.56) <0.01
R20 (%) 90.84+19.81 (85.48-96.20) 100.11+19.57 (94.82-105.40) 0.029
X5 (%) 125.99+38.02 (115.71-136.27) 216.55£124.65 (182.85-250.25) <0.01
FVC (L/min) 2.2840.81 (2.06-2.50) 1.8310.67 (1.65-2.01) <0.01
FEV, (L/min) 2.71£1.15 (2.40-3.02) 1.42+40.64 (1.24-1.59) <0.01
FEF,. . (L/min) 2.38+0.81 (2.16-2.60) 1.25£0.79 (1.04-1.47) <0.01
PEF (L/min) 3.83+1.37 (3.46-4.20) 3.01+1.29 (2.66-3.36) <0.01
FVC (%) 95.81+18.09 (90.92-100.70) 84.70+23.09 (78.46-90.94) <0.01
FEV, (%) 91.52414.03 (87.73-95.32) 71.60+24.84 (64.88-78.31) <0.01
FEF,. . (%) 89.05+22.09 (83.08-95.03) 52.29+30.06 (44.17-60.42) <0.01
PEF (%) 87.15+15.71 (82.90-91.40) 64.27+23.69 (57.87-70.68) <0.01

HSG: healthy schoolchildren; CFG: cystic fibrosis; N: number of participants; SD: standard deviation; CI: confidence interval; Z5: impedance
at 5 Hz; kPa/L/s: kilopascal per liter per second; R5: total airway resistance; R20: central airway resistance; X5: reactance at 5 Hz; FVC: forced

vital expiratory capacity; FEV, forced expiratory volume in one second; FEF

: forced expiratory flow between 25-75% of FEV; PEF: peak

25-75°

expiratory flow; L/min: liter per minute; Kg: kilogram; M: meters; Kg/m2: kilogram per square meter; p-value: statistical significance value.

interval, including small- and medium-caliber airways,” which
are frequently impaired in CE? In addition, the HSG did not
have respiratory disorders. A study with 1.990 healthy Brazilian
children identified that most were within the predicted value
in the FEV | and FVC parameters.”

As a complementary analysis, IOS is included in routine
assessments at big referral centers for CE®' as it only requires
passive cooperation and is more acceptable among younger
children. It differentiates resistance in central and periph-
eral components of the airway and detects early pathological
changes in small-caliber airways.” Furthermore, it is helpful to
assess respiratory mechanics and to monitor acute pulmonary
exacerbations and has been used as an alternative to charac-
terize the level of impairment in pulmonary function in the

initial disease stage.’!

Similar to the current research, a study that included 190
individuals aged between six and 14 years compared IOS results
between CF and healthy subjects and found significant differ-
ences in respiratory mechanics parameters, except for R20.'
In contrast, Sakarya et al. found significant differences in all
IOS parameters between CF patients and healthy children
(R5-10-15-20 Hz), as well as Z5, Fres, and AX, which were
all higher in the CFG than in the healthy group.®! These alter-
ations are consistent as pulmonary impairment begins in early
infancy, and distal airways involvement plays a predominant
role in disease progression.?

Walter et al. suggested that 50% of lung function decline
is explained by pulmonary exacerbations (PEs),** while other
studies concluded that this impairment is also associated with

nutritional status, airway clearance, and bronchiectasis.>*
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Therefore, interventions such as inhalation therapy and the air-
way clearance physiotherapy (ACP) are important to prevent
PEs and to delay the decline in lung function.? The ACP should
be performed daily after the diagnosis in all patients with CE,
through a variety of airway clearance techniques, including con-
ventional chest physiotherapy (postural drainage, percussion,
and vibration), active cycle of breathing techniques, autogenic
drainage, high-pressure PEP therapy, and oscillatory devices.
However, current literature reports no superiority of any tech-
nique over the others and the choice must be individualized.**

In conclusion, the results obtained from our study demon-
strate that children with CF showed obstructive ventilatory

disorders and compromised peripheral airways compared with

healthy children.

Funding
The Fundagio de Apoio a Pesquisa e Inovagio do Estado de
Santa Catarina FAPESC/Brazil (PAP UDESC, Public Call Ne

REFERENCES

1.  Lopes-Pacheco M. CFTR modulators: the changing face
of cystic fibrosis in the era of precision medicine. Front
Pharmacol. 2020;10:1662. https://doi.org/10.3389/
fphar.2019.01662

2. Turcios NL. Cystic fibrosis lung disease: an overview.

Respir Care. 2020;65:233-51. https://doi.org/10.4187/
respcare.06697

3. AthanazioRA, Silva Filho LV, Vergara AA, Ribeiro AF, Riedi CA,
Procianoy EF, et al. Brazilian guidelines for the diagnosis and
treatment of cystic fibrosis. J Bras Pneumol. 2017;43:219-
45. https://doi.org/10.1590/51806-37562017000000065

4. Breuer O, Caudri D, Stick S, Turkovic L. Predicting disease
progressionin cystic Fibrosis. Expert Rev Respir Med. 2018;12:905-
17. https://doi.org/10.1080/17476348.2018.1519400

5. Szczesniak R, Heltshe SL, Stanojevic S, Mayer-Hamblett N. Use
of FEV, in cystic fibrosis epidemiologic studies and clinical
trials: a statistical perspective for the clinical researcher.
J Cyst Fibros. 2017;16:318-26. https://doi.org/10.1016/].
jcf.2017.01.002

6. Konig P, NerZ, Acton JD, Ge B, Hewett J. Isan FEV, of 80%
predicted a normal spirometry in cystic fibrosis children
and adults? Clin Respir J. 2018;12:2397-403. https://doi.
org/10.1111/crj.12920

/. Kerby GS, Rosenfeld M, Ren CL, Mayer OH, Brumback L,
Castile R, et al. Lung function distinguishes preschool
children with CF from healthy controls in a multi-center
setting. Pediatr Pulmonol. 2012;47:597-605. https://doi.
org/10.1002/ppul.21589

8. Assumpcdo MS, Wamosy RM, Ferreira LG, Schivinski Cl.
Impulse oscillometry system in pediatrics: review. Medicina
(Ribeirdo Preto). 2014;47:131-42

04/2018, Grand Term: 2019TR658) and Coordination for the

Improvement of Higher Education.

Conflict of inferests
The authors declare there is no conflict of interests.

Authors” contributions

Study design: Ducati GC, Cardoso ], Ferrazeane ED, Schivinski
CIS. Data collection: Ducati GC, Cardoso ], Ferrazeane ED,
Schivinski CIS. Data analysis: Ducati GC, Cardoso ], Ferrazeane
EP, Schivinski CIS. Manuscript writing: Ducati GC, Cardoso
J, Ferrazeane EP, Schivinski CIS. Manuscript revision: Ducati
GC, Cardoso ], Ferrazeane EP, Schivinski CIS. Study supervi-
sion: Ducati GC, Cardoso J, Ferrazeane EP, Schivinski CIS.

Declaration
The database that originated the article is available with the

corresponding author.

9. Wamosy RM, Assumpc¢ao MS, Parazzi PL, Ribeiro JD, Roesler

H, Schivinski Cl. Reliability of impulse oscillometry parameters
in healthy children and in children with cystic fibrosis. Int J Clin
Pract.2021;75:e13715. https://doi.org/10.1111/ijcp.13715

Komarow HD, Myles IA, Uzzaman A, Metcalfe DD. Impulse
oscillometry in the evaluation of diseases of the airways in
children. Ann Allergy Asthma Immunol. 2011;106:191-9.
https://doi.org/10.1016/j.anai.2010.11.011

11. KangaJ,KuhnR, Craigmyle L, Haverstock D, Church D. Cystic
fibrosis clinical score: a new scoring system to evaluate
acute pulmonary exacerbation. Clin Ther. 1999;21:1343-56.
https://doi.org/10.1016/s0149-2918(99)80035-6

Ramsey BW. Management of pulmonary disease in patients
with cystic fibrosis. N EnglJ Med. 1996;335:179-88. https://
doi.org/10.1056/NEJM199607183350307

Solé D, Vanna AT, Yamada E, Rizzo MC, Naspitz CK.
International Study of Asthma and Allergies in Childhood
(ISAAC) written questionnaire: validation of the asthma
component among Brazilian children. J Investig Allergol
Clin Immunol. 1998;8:376-82. PMID: 10028486

Biblioteca Virtual em Satde [homepage on the Internet].
Rede Telessalde Brasil: calculadoras [cited 2020 Jun 21].
Available from: http://www.telessaudebrasil.org.br/apps/
calculadoras

Doershuk CF, Matthews LW, Tucker AS, Nudleman H,
Eddy G, Wise M, et al. A 5 year clinical evaluation of a
therapeutic program for patients with cystic fibrosis. J
Pediatr. 1964;65:677-93. https://doi.org/10.1016/s0022-
3476(64)80152-9

Graham BL, Steenbruggen I, Miller MR, Barjaktarevic 1Z,
Cooper BG, Hall GL, et al. Standardization of spirometry
2019 update. An Official American Thoracic Society and

10.

12.

13.

14.

15.

16.

5

Rev Paul Pediatr. 2024;42:€2023030


https://doi.org/10.3389/fphar.2019.01662
https://doi.org/10.3389/fphar.2019.01662
https://doi.org/10.4187/respcare.06697
https://doi.org/10.4187/respcare.06697
https://doi.org/10.1590/S1806-37562017000000065
https://doi.org/10.1080/17476348.2018.1519400
https://doi.org/10.1016/j.jcf.2017.01.002
https://doi.org/10.1016/j.jcf.2017.01.002
https://doi.org/10.1111/crj.12920
https://doi.org/10.1111/crj.12920
https://doi.org/10.1002/ppul.21589
https://doi.org/10.1002/ppul.21589
https://doi.org/10.1111/ijcp.13715
https://doi.org/10.1016/j.anai.2010.11.011
https://doi.org/10.1016/s0149-2918(99)80035-6
https://doi.org/10.1056/NEJM199607183350307
https://doi.org/10.1056/NEJM199607183350307
http://www.telessaudebrasil.org.br/apps/calculadoras
http://www.telessaudebrasil.org.br/apps/calculadoras
https://doi.org/10.1016/s0022-3476(64)80152-9
https://doi.org/10.1016/s0022-3476(64)80152-9

Healthy and cystic fibrosis lung variables in children

17.

18.

19.

20.

21.

22.

23.

24.

European Respiratory Society Technical Statement. Am
J Respir Crit Care Med. 2019;200:e70-e88. https://doi.
org/10.1164/rccm.201908-1590ST

Polgar C, Weng TR. The functional development of the
respiratory system from the period of gestation to adulthood.
Am Rev Respir Dis. 1979;120:625-95. https://doi.org/10.1164/
arrd.1979.120.3.625

Knudson RJ, Slatin RC, Lebowitz MD, Burrows B. The maximal
expiratory flow-volume curve. Normal standards, variability,
and effects of age. Am Rev Respir Dis. 1976;113:587-600.
https://doi.org/10.1164/arrd.1976.113.5.587

Beydon N, Davis SD, Lombardi E, Allen JL, Arets HG,
Aurora P, et al. An official American Thoracic Society/
European Respiratory Society statement: pulmonary
function testing in preschool children. Am J Respir Crit
Care Med. 2007;175:1304-45. https://doi.org/10.1164/
rccm.200605-642ST

Assumpcao MS, Goncalves RM, Martins R, Bobbio TG, Schivinski
Cl. Reference equations for impulse oscillometry system
parameters in Brazilian healthy children and adolescents.
Respir Care. 2016;61:1090-9. https://doi.org/10.4187/
respcare.04226

Field A. Descobrindo a estatistica usando o SPSS. 2¢ ed.
Traducdo Lori Viali. Sdo Paulo: Artmed; 2009.

Walicka-Serzysko K, Postek M, Milczewska J, Sands D. Lung
function deteriorationin school children with cystic fibrosis.
Pediatr Pulmonol. 2020;55:3030-8. https://doi.org/10.1002/
ppul.25013

Earnest A, Salimi F, Wainwright CE, Bell SC, Ruseckaite
R, Ranger T, et al. Lung function over the life course of
paediatric and adult patients with cystic fibrosis from a
large multi-centre registry. Sci Rep. 2020;10:17421. https://
doi.org/10.1038/541598-020-74502-1

Liou TG, Elkin EP, Pasta DJ, Jacobs JR, Konstan MW, Morgan
WJ, et al. Year-to-year changes in lung functionin individuals

25.

26.

27.

28.

29.

30.

31.

32.

with cystic fibrosis. J Cyst Fibros. 2010;9:250-6. https://doi.
org/10.1016/.jcf.2010.04.002

Pittman JE, Noah H, Calloway HE, Davis SD, Leigh MW,
Drumm M, et al. Early childhood lung functionis a stronger
predictor of adolescent lung function in cystic fibrosis
than early Pseudomonas aeruginosa infection. PLoS One.
2017;12:e0177215. https://doi.org/10.1371/journal.
pone.0177215

Harun SN, Wainwright C, Klein K, Hennig S. A systematic
review of studies examining the rate of lung function
decline in patients with cystic fibrosis. Paediatr Respir Rev.
2016;20:55-66. https://doi.org/10.1016/j.prrv.2016.03.002

Oates GR, Schechter MS. Socioeconomic status and health
outcomes: cystic fibrosis as a model. Expert Rev Respir Med.
2016:10:967-77. https://doi.org/10.1080/17476348.2016.
1196140

Pellegrino R, Viegi G, Brusasco V, Crapo RO, Burgos F,
CasaburiR, et al. Interpretative strategies for lung function
tests. Eur Respir J. 2005;26:948-68. https://doi.org/10.118
3/09031936.05.00035205

Andrade EF, Fonseca DL, Silva FA, Menna-Barreto SS.
Spirometry evolution assessment of cystic fibrosis. J
Pneumol. 2001;27:130-6.

Jones MH, Vidal PC, Lanza FC, Silva DC, Pitrez PM, Olmedo
AP, et al. Reference values for spirometry in Brazilian
children. J Bras Pneumol. 2020;46:€20190138. https://doi.
0rg/10.36416/1806-3756/e20190138

Sakarya A, Uyan ZS, Baydemir C, Anik Y, Erdem E, Gokdemir
Y, et al. Evaluation of children with cystic fibrosis by impulse
oscillometry when stable and at exacerbation. Pediatr
Pulmonol.2016;51:1151-8. https://doi.org/10.1002/ppul.23449

Waters V, Stanojevic S, Atenafu EG, Lu A, Yau Y, Tullis E,
et al. Effect of pulmonary exacerbations on long-term lung
function decline in cystic fibrosis. Eur Respir J. 2012;40:61-6.
https://doi.org/10.1183/09031936.00159111

© 2024 Sociedade de Pediatria de Sdo Paulo. Published by Zeppelini Publishers.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

6

Rev Paul Pediatr. 2024;42:2023030


https://doi.org/10.1164/rccm.201908-1590ST
https://doi.org/10.1164/rccm.201908-1590ST
https://doi.org/10.1164/arrd.1979.120.3.625
https://doi.org/10.1164/arrd.1979.120.3.625
https://doi.org/10.1164/arrd.1976.113.5.587
https://doi.org/10.1164/rccm.200605-642ST
https://doi.org/10.1164/rccm.200605-642ST
https://doi.org/10.4187/respcare.04226
https://doi.org/10.4187/respcare.04226
https://doi.org/10.1002/ppul.25013
https://doi.org/10.1002/ppul.25013
https://doi.org/10.1038/s41598-020-74502-1
https://doi.org/10.1038/s41598-020-74502-1
https://doi.org/10.1016/j.jcf.2010.04.002
https://doi.org/10.1016/j.jcf.2010.04.002
https://doi.org/10.1371/journal.pone.0177215
https://doi.org/10.1371/journal.pone.0177215
https://doi.org/10.1016/j.prrv.2016.03.002
https://doi.org/10.1080/17476348.2016.1196140
https://doi.org/10.1080/17476348.2016.1196140
https://doi.org/10.1183/09031936.05.00035205
https://doi.org/10.1183/09031936.05.00035205
https://doi.org/10.36416/1806-3756/e20190138
https://doi.org/10.36416/1806-3756/e20190138
https://doi.org/10.1002/ppul.23449
https://doi.org/10.1183/09031936.00159111
http://creativecommons.org/licenses/by/4.0/

