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ABSTRACT

Introduction. The early prevention of respiratory
complications in children with cystic fibrosis
is determining for a longer survival. The
implementation of lung function tests in the
first months of life allows to detect respiratory
involvement, even in asymptomatic children.
Objective. To assess the course of lung function
in children with cysticfibrosisin their first3 years
of life and identify the factors affecting it.
Population and methods. Observational,
retrospective, analytical study. Children younger
than 36 months with atleast 2 lung function tests
were included.

Results. Between 2008 and 2016, 48 patients
wereincluded; 85 % of them had been diagnosed
by newborn screening. The first lung function
test was done at 5 months old. The median
Z-score of maximal flow at functional residual
capacity was —0.05 (interquartile range: —1.09 to
1.08). The median change in the maximal flow
Z-score between tests was —0.32 (interquartile
range: —1.11 to 0.25), p = 0.045. Patients with
Staphylococcus aureus respiratory infections,
especially methicillin-resistant SA, evidenced a
greater deterioration of lung function compared
to those without infection. Neither sex nor the
type of genetic mutation were associated with
the course of lung function. Nutritional recovery
throughout the study was really good.
Conclusion. Lung functionin children with cystic
fibrosis worsens progressively during their first
3years of life. These findings are associated with
Staphylococcus aureus respiratory infections.
Key words: cystic fibrosis, lung function tests,
newborn screening.
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INTRODUCTION

Cystic fibrosis (CF) is the most
common autosomal, recessive genetic
disorder in Caucasian individuals.' In
Argentina, its incidence is 1 per 7213
live births.? In relation to morbidity
and mortality, 90 % of cases are the
result of progressive lung disease.’
In low-resource countries, survival
does not exceed 15 years, whereas in
first-world countries, it extended from
15 years in 1954 to 41 years in 2015.
This was mainly thanks to the early
detection of respiratory complications
and a more energetic clinical and
therapeutic approach since a much
early age.*’

In 2002, the Autonomous City of
Buenos Aires implemented a newborn
screening program for the detection
of CF. This allowed to diagnose CF
at a much earlier age. Many of these
children did not present symptoms at
the time of diagnosis. Several studies
done in young children with CF using
lung function tests,*” chest computed
tomography,®!° and inflammatory
marker levels in bronchoalveolar
lavage material'’'* demonstrated
airway involvement in the first
months of life.

Lung function tests are done in
children younger than 3 years only
in a few centers worldwide, and
are not yet part of routine clinical
practice.”® They are useful to detect
early respiratory involvement and
provide a target parameter for follow-
up, prognosis, and assessment of
treatment response.

In order to prevent and delay
respiratory complications and extend
the survival of children with CF, we
propose to assess the course of lung
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function during the first 3 years of life and
identify the factors affecting it.

PATIENTS AND METHODS

Design: Observational, retrospective,
analytical cohort study carried out on a database
developed based on the systematic, prospective
recording of information about all patients with
CF seen at the hospital.

Study population: Children younger than
36 months, with a confirmed diagnosis of CF
(2 positive sweat tests or 2 mutations in the cystic
fibrosis transmembrane conductance regulator
gene [CFTR]) seen at the Respiratory Center
“Dr. Alberto R. Alvarez” of Hospital de Nifios
Ricardo Gutiérrez between 2008 and 2016. They
were required to have at least 2 technically-
acceptable lung function tests, as per international
guidelines;! the first test must have been done
before 12 months old and the subsequent ones,
at least 6 months after the first test. Preterm
infants (gestational age < 36 weeks) or patients
with congenital heart disease and pulmonary
hypertension were excluded.

Lung function tests: These were done using
the Sensormedics 2600 equipment. Patients
had to be clinically stable and not presenting
symptoms of an acute respiratory infection in,
at least, the 3 weeks prior to the test. Patients
were sedated with chloral hydrate 75 mg/kg/
dose administered orally. Forced flow-volume
curves were obtained using the partial volume
rapid thoracoabdominal compression technique.
The maximal flow at functional residual
capacity (V__ FRC) was reported. Results were
described as an average of the 4 best technically
acceptable maneuvers with a difference of up
to 10 %. This parameter reflects small airways
caliber. It was expressed as an absolute value in
mL/s and Z-score, as per the reference values
proposed by Hoo et al."®*Eosinophilic airway
inflammation was assessed using the Ecomedics
CLD 88 chemiluminescence analyzer (Diirnten,
Switzerland) based on the online tidal breathing
technique. A DENOX 88 module was added to
the equipment to ensure that the patient was
breathing in nitric oxide-free ambient air and
the expiratory flow was regulated at 50 mL/s,
according to international standards.'

Periodic assessment of bronchial secretions:
Given the included patients’ inability to cough
effectively at this age, the presence of airway
bacteria was assessed using cough swabs (at least
4 annual specimens were obtained).

Database: The following outcome measures
were obtained: neonatal history, age at the time
of diagnosis, type of genetic mutation, pancreatic
insufficiency, anthropometric data, exhaled nitric
oxide levels.

Statistical analysis: Qualitative outcome
measures were reported as absolute values and
percentage. Quantitative outcome measures
were stated as mean and standard deviation (SD)
or as median and interquartile range (IQR), as
applicable. The Z-score change in the V__FRC
was assessed based on the difference between
the Z-score for the final and initial lung function
tests, and the null hypothesis of no difference
was evaluated using the t test for paired samples
or the Wilcoxon signed rank test, depending
on the observed distribution. Continuous
outcome measures were compared using the
t test or the Wilcoxon rank sum test (Mann-
Whitney), depending on the observed distribution.
Qualitative outcome measures were compared
using the x2 test or Fisher’s test, as applicable. A
value of p < 0.05 was considered significant. The
Stata software, version 13, was used.

Ethical considerations: The study was
approved by the Ethics Research Committee of
Hospital de Nifios Ricardo Gutiérrez.

RESULTS

A total of 48 patients with confirmed diagnosis
of CF at 2 to 29 months of age, followed in the
Respiratory Center between 2008 and 2016,
were included. Their median age at the time of
CF diagnosis was 3 months old, with an IQR of
2 to 4 months. In 41 patients (85 %), diagnosis was
confirmed by newborn screening. Table 1 details
the baseline characteristics of included patients.

All patients had at least 2 lung function tests
with a median time interval of 14 months (IQR:
10 to 17 months). Twenty-three patients (45.8 %)
had 3 lung function tests with a median time
interval of 16.3 months (IQR: 14 to 19 months).
The clinical, functional, anthropometric, and
infectious characteristics of each lung function test
are detailed in Table 2.

The first lung function test was at 5 months
old (IQR: 3 to 8 months) and the median Z-score
for the V__FRC was -0.05 (IQR: -1.09 to 1.08).
A decreased lung function was evidenced as
determined by the change in the median Z-score of
V_ FRC between the first and the last assessment
of —0.32, with an IQR of —-1.11 to 0.25; p = 0.045.

The decrease in V___FRC was more notorious
in the patients who had 3 lung function
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determinations. The change in the median
Z-score of V_FRC was -0.61 (IQR: -1.68 to -0.19;
p = 0.0033). Figure 1 shows the course of lung
function during the first months of life.

Patients with bacterial respiratory infections
had a worse lung function course compared to
those without infection. Methicillin-sensitive
Staphylococcus aureus (MSSA) infections evidenced

TABLE 1. Baseline characteristics of included patients

a decrease of V_ FRC of —0.75 (-1.22 to —0.28)
versus 0.61 (0.7 to 1.9) in those without infection
(p = 0.01). Patients who had methicillin-resistant
Staphylococcus aureus (MRSA) infections showed
a greater involvement of their lung function. The
decrease in their V___FRC was -1.38 (-2.25 to -0.5)
versus 0.02 (-0.5 to 0.5; p = 0.006) in those without
infection. Patients with Pseudomonas aeruginosa

Characteristics n=48
Female sex, n (%) 24 (50)
Gestational age (weeks)* 39+15
Birth weight, kg** 3.2(2.9-3.5)
Meconium ileus, n (%) 1(2)
O, requirement at birth, n (%) 4% (8)
AMV requirement at birth, n (%) 0(0)
Maternal smoking during pregnancy, n (%) 0(0)
Age at diagnosis, months old** 3(2-4)
Newborn screening diagnosis, n (%) 41 (85.4)
CFTR genotype: n (%)
Homozygous for the Delta F508 19 (39.6)
Heterozygous for the Delta F508 22 (45.8)
Mutation other than Delta F508 3(6.3)
Negative test for studied mutations 4(8.3)
Pancreatic insufficiency, n (%) 43 (89.6)

Age at the first isolation**, n (%):
Pseudomonas aeruginosa
Methicillin-sensitive Staphylococcus aureus
Methicillin-resistant Staphylococcus aureus
Burkholderia cepacia

7 months (4-13); 33 (68.7)
4.5 months (3-7); 36 (75)
8 months (3-18); 15 (31.3)
7 months (5-12.5); 4 (8.3)

* Mean * SD; ** Median and interquartile range; *** 1, 3.5, and 34 days of oxygen, respectively.
AMV: assisted mechanical ventilation; O,: oxygen; CFTR: cystic fibrosis transmembrane conductance regulator.

TABLE 2. Patient characteristics for each lung function test

Characteristics 1%t assessment 274 agsessment 3 agsessment

n =48 n=48 n=22
Age, months old* 5 (3-8) 12.5 (12-18) 20.5 (17-24)
Weight, kg* 6.3 (5.3-7.2) 9.7 (8.8-10.8) 11.1 (10.4-12)
Weight Z-score -1.2(-2.3to-0.5) -0.38 (-1.2t0 0.22) -0.04 (-1.18 t0 0.22)
Height, cm* 64 (58-67) 78 (72-81) 81 (77-86)
Height Z-score -1.03 (2.1 to -0.46) -0.93 (-1.35 to —-0.18) —0.89 (-1.56 to —0.04)
Body mass index* 15.7 (15-16.8) 16.2 (15.4 to 17.5) 16.5(15.2t0 17.7)
V__ FRC, mL/sec* 173 (92 to 273) 285 (154 to 371) 226 (156 to 434)
\ . FRC, Z-score* —-0.05 (-1.09 to 1.08) —0.285 (-1.65 to 0.63) -1.28 (2,45 to 0.47)
FeNO, ppb* 3.2(0.7 to 5.5) 4.1 (0.4 to 5,6) 5.4 (3.3t0 8.5)
Respiratory rate** 44+9 38+10 36+10
Heart rate** 122 +10 112 +12 105 +17
SpO,, %™** 98+ 1.5 97+1.3 98+3
Patients with PAE, no. (%)*** 15/47 (32) 15/43 (34.8) 14/22 (45.4)
Patients with MSSA, no. (%) 24/47 (51) 24 /44 (54.5) 12/22 (54.5)
Patients with MRSA, no. (%) 6/47 (12.8) 8/44 (18) 4/19 (21)

* Median and interquartile range. ** Mean + SD.

*** No patient had chronic PAE infection. The microorganism was eliminated in 100 % of cases.

Vmax FRC: maximal flow at functional residual capacity, a parameter that reflects small airway caliber.
FeNO: fractional exhaled nitric oxide; PAE: Pseudomonas aeruginosa; MSSA: methicillin-sensitive Staphylococcus aureus;

MRSA: methicillin-resistant Staphylococcus aureus.
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(PAE) infections had a greater decrease in V__
FRC than those without infection, although such
difference was not statistically significant (p = 0.61).

Neither sex nor the type of genetic mutation
were associated with the course of lung function
(Table 2). Conversely to the functional aspect,
nutritional recovery throughout the study was
really good. The delta of the change in the
weight Z-score between the first and the last test
was 0.91 SD (IQR: 0.02 to 1.8). The assessment
of eosinophilic bronchial inflammation by
measuring exhaled nitric oxide levels did not
show high levels for any patient (Table 2).

DISCUSSION

This study evidenced that children with CF had
a normal lung function at 6 months old according
to the partial volume rapid thoracoabdominal
compression technique; however, lung function
deteriorated progressively during the first 3
years of life. These findings were associated
with Staphylococcus aureus respiratory infections,
especially MRSA, but were not connected with the
type of genetic mutation or sex.

Ranganathan et al., in a multicenter study
done in London before the newborn screening
was introduced, reported that young children
with CF had a decreased lung function at the
time of diagnosis and that they did not recover it
in the first 2 years of life, in spite of management

at specialized facilities."”Linnane et al., in a cross-
sectional study, assessed Australian infants
after CF diagnosis was confirmed based on the
newborn screening. Similarly to our study, they
showed that lung function was normal after
diagnosis and that it worsened after 1 year. Unlike
our study, this occurred regardless of respiratory
infections.'® Subsequently, a prospective, cohort
study done in Australia assessed 28 children
younger than 2 years diagnosed with CF based
on a newborn screening compared to healthy
historical controls. That study performed lung
function tests and bronchoalveolar lavage at
6 months and before 2 years old. It reported
that children with CF suffered respiratory
involvement in the first months of life and that
their lung function worsened progressively.
These findings were associated with PAE and
Staphylococcus aureus infections and neutrophilic
airway inflammation."” Recently, the London
Cystic Fibrosis Collaboration published a
prospective, longitudinal study that compared
healthy controls to 62 children with CF
at 3 months old, 1 year old and 2 years old
using 3 different lung function measurement
techniques. Contrary to prior studies, that study
did not evidence a progressive worsening of
lung function or significant difference between
groups. Bacterial respiratory infections were not
associated with the course of lung function.” Such

FiGure 1. Course of lung function in patients with cystic fibrosis (in months old), n = 48

VmaxFRC Z-score
(5}
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Vmax FRC: maximal flow at functional residual capacity, a parameter that reflects small airway caliber.
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discrepancies between the cohorts of Australian
and London CF patients who had lung function
tests since their first months of life may be due
to technical and methodological differences in
relation to lung function and control tests used.®

The publications about the impact of
bacterial respiratory infections on lung function
in preschool and schoolchildren with CF
are more common, but outcomes have been
contradictory.?» However, most of the evidence
claims that PAE and Staphylococcus aureus
bacterial respiratory infections affect spirometry
parameters. In our study, the impact of PAE
respiratory infections on lung function was
possibly not evidenced due to the low number of
patients with positive cultures and the fact that
only a single or intermittent microorganisms were
isolated in our patients.

In children with CF unable to cough effectively,
the most accurate method to detect the presence of
bacteria in the lower airways is bronchoalveolar
lavage.? Since it is an invasive method, it is not
routinely done, so the presence of bacteria in the
airway was assessed using cough swabs. However,
the sensitivity of this method is not optimal and
varies considerably among the different studies.
Notwithstanding this, for those patients with a
poor clinical course and repeatedly negative cough
swabs material, it is recommended to perform an
induced sputum or bronchoalveolar lavage.??

This is the first study to report about the
course of lung function in children with CF since
the first months of life in Argentina. Although
the retrospective design of this study represents
potential information biases due to the inaccuracy
of medical records, a standardized follow-up
and the objective recording of clinical controls,
together with the surveillance of bacterial
infections, helped to minimize such risk.

Another of the limitations of this study was its
lack of a control group. The need for sedation to
perform lung function tests and their complexity
hindered the possibility of establishing a control
group of healthy children.

The measurement of lung function with
the high volume rapid thoracoabdominal
compression technique is preferred over the
partial volume technique because it is more
sensitive to detect obstructive involvement in
children with CF.?? Besides, the disadvantages
of the latter are that it provides a single functional
parameter and its higher intra- and inter-subject
variability. However, Godfrey et al. evidenced

a high correlation between both tests, which
demonstrated that both techniques could be used
interchangeably in sick children.?The difference
in the method used to measure lung function
may account for some differences with other
published studies. In recent years, the use of the
lung clearance index (LCI) has allowed to assess
lung ventilation heterogeneity using a washout
method. In preschool children with CF, this
technique is more sensitive than a spirometry
but, in young children, it is complementary to the
rapid thoracoabdominal compression technique,
which increases the detection of functional
involvement.*’A recently published study reported
that 40 % of children with CF aged 8 weeks old had
functional involvement according to this method.*

Another limitation of this study is that it
did not compare functional involvement and
structural damage. A high-resolution computed
tomography of the lung directly shows airway
damage and is complementary to lung function
tests. However, its routine use in young children
is controversial due to radiation.

Lung involvement in children with CF starts
in the first months of life or, possibly, in the
uterus.* Since many children are asymptomatic,
lung function tests allow for an early detection.
Longitudinal studies have revealed that functional
parameters obtained in the first months of life
follow the same path during preschool and school
age, which results in a useful tool to predict
lung function in future years.® It is critical to
understand the factors responsible for the initiation
and course of respiratory involvement from an
early age because 90 % of morbidity and mortality
is caused by lung involvement.” However, these
tests are yet to be implemented routinely in clinical
practice. The high costs, the scarce availability
of commercial equipment, the lack of reference
values, technical difficulties, and mainly the need
for sedation hinder their implementation.

CONCLUSION

Lung function in children with CF worsens
progressively during their first 3 years of life.
These findings were associated with Staphylococcus
aureus bacterial respiratory infections, especially
MRSA. It is necessary to maximize infection
prevention measures and to implement more
aggressive approaches to eliminate infections
in order to delay the progression of disease and
minimize any potential damage during a critical
stage of lung development and growth.
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