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Risk factors associated with pulmonary exacerbations in 
pediatric patients with cystic fibrosis
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ABSTRACT
Introduction. Cystic fibrosis patients develop 
pulmonary exacerbations (PEs) that require 
intravenous treatment. The objective of this study 
was to determine the risk factors associated with 
PEs and establish the percentage of patients who 
failed to recover their lung function.
Population and methods. Observational, 
retrospective, cohort study. The medical records 
of cystic fibrosis patients seen at Hospital de 
Niños Ricardo Gutiérrez in 2013 were reviewed. 
Patients were divided into group 1, with PE 
(Fuchs criteria), and group 2, without PE. Age, 
sex, p.F508del mutation, percentage of baseline 
forced expiratory volume in the first second, 
baseline body mass index Z-score, chronic 
Pseudomonas aeruginosa, methicillin-resistant 
Staphylococcus aureus and Burkholderia cepacia 
complex colonization (Leeds criteria), percentage 
of cystic fibrosis-related diabetes, and recovery 
of baseline forced expiratory volume in the first 
second were recorded.
Results. A total of 117 patients were included. 
Group 1: 50, group 2: 67 patients. PEs were 
associated with a lower body mass index Z-score 
(RR: 1.45; p = 0.002), p.F508del mutation (RR: 
3.23; p = 0.05), and chronic Burkholderia cepacia 
complex (RR: 3.69; p  =  0.002), Pseudomonas 
aeruginosa (RR: 1.89; p = 0.01) and methicillin-
resistant Staphylococcus aureus colonization (RR: 
2.32; p = 0.002). Twenty-four percent of patients 
failed to recover their lung function.
Conclusions. The presence of the p.F508del 
mutation, a poor nutritional status, and 
chronic colonization were the risk factors for 
exacerbation. A fourth of patients failed to 
recover their lung function.
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INTRODUCTION
Cystic fibrosis (CF) is an inherited, 

a u t o s o m a l ,  r e c e s s i v e  g e n e t i c 
disorder characterized by an altered 
exocrine secretion. CF is a chronic, 
progressive disease with multisystem 
involvement, caused by mutations 
in a protein called the cystic fibrosis 
transmembrane conductance regulator 
(CFTR).

The natural history of CF includes 
a progressive deterioration of lung 
function, with episodes of respiratory 
s y m p t o m  w o r s e n i n g  c a l l e d 
“pulmonary exacerbations”.1,2 

I n  s p i t e  o f  t h e  r e m a r k a b l e 
improvement in lung function and 
nutritional status in recent years, 
no substantial changes have been 
o b s e r v e d  i n  t h e  f r e q u e n c y  o f 
pulmonary exacerbations.3 According 
to the United States Cystic Fibrosis 
P a t i e n t  R e g i s t r y ,  i n  2 0 1 3 ,  t h e 
percentage of exacerbations requiring 
intravenous antibiotics for the entire 
CF population was 35 % while, in 
2016, it was 33.8 %.

Patients aged 15-30 years have 
the greater probability of having an 
exacerbation.3 There is no universal 
definition of pulmonary exacerbation, 
but the most  typical  symptoms 
include increased cough or sputum 
production,  fever,  weight  loss , 
reduced exercise tolerance, and new 
clinical findings, such as tachypnea, 
new rales on auscultation, reduced 
lung function, decreased saturation 
or new radiographic findings.4 Bilton 
et al . , 5 have defined pulmonary 
exacerbation as the need to indicate 
an antibiotic therapy due to a recent 
change in clinical parameters. If an 
exacerbation is severe, it requires 
intravenous antibiotic  therapy. 
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Several publications have considered the need 
for intravenous antibiotic therapy in order to 
define an exacerbation.6,7 In this study, we based 
the definition of exacerbation on Fuchs criteria.8

Pulmonary exacerbations are associated with 
a greater deterioration in lung function and a 
reduced quality of life and survival.9-11 After a 
pulmonary exacerbation treated with intravenous 
antibiotics, up to 25 % of patients fail to recover 
their lung function.12

Few studies have determined the risk 
factors for pulmonary exacerbations in CF. In a 
retrospective study, Schechter et al.,13 observed 
that patients with a low socioeconomic level 
were more prone to developing pulmonary 
exacerbations. In a prospective study done 
in adult patients with multidrug-resistant 
bacterial infections, Block et al.,14 determined that 
younger age, female sex, reduced baseline lung 
function, and a history of multiple pulmonary 
exacerbations were associated with having 
exacerbations. Knowing these risk factors would 
allow us to identify them in an early manner and 
provide a timely intervention that would prevent 
an exacerbation.

The objective of this study was to identify 
the risk factors associated with pulmonary 
exacerbations in children with CF and describe 
the percentage of patients who fail to recover their 
baseline lung function after an exacerbation.

POPULATION AND METHODS
This was an observational, analytical study 

conducted in a retrospective cohort. It was 
approved by the Ethics and Teaching Committee 
of Hospital de Niños Ricardo Gutiérrez.

Population
Inclusion criteria
	 Patients younger than 18 years, diagnosed 

with CF (2 positive sweat tests or 2 mutations 
in the CFTR gene causing CF), who received 
follow-up by the Respiratory Center of 
Hospital de Niños Ricardo Gutiérrez in 2013 
and who attended at least 4 control visits 
during the year.

Exclusion criteria
	 Pat ients  in the wait ing l ist  for  a  lung 

transplant.
	 Patients who had a scheduled hospitalization.

Procedures
The medical records of all patients who 

met the inclusion criteria were reviewed, and 
collected data were anonymized. Pulmonary 
exacerbation was defined based on Fuchs criteria8 
(hospitalization with parenteral antibiotics with 
the patient having 4 or more of the following 
13 signs or symptoms: changes in sputum, 
hemoptysis, increased cough, increased dyspnea, 
malaise, fatigue/lethargy, fever, anorexia/weight 
loss, sinus pain, increased sinus discharge, 
change in the exam of the chest, decreased 
lung function ≥10 % or radiographic changes). 
The demographic, clinical, bacteriological, and 
functional characteristics of patients with CF 
who had at least a pulmonary exacerbation in 
2013 and required hospitalization were recorded. 
These patients were included in group 1 (with 
exacerbation) and compared to CF patients who 
had attended control visits at the same center 
but had not required hospitalization due to 
an exacerbation in the same period, who were 
included in group 2 (without exacerbation). 
A total  of 83 exacerbation episodes were 
documented. The need for oral antibiotics was 
not analyzed in any of the groups. The following 
clinical outcome measures were recorded: age, 
sex, baseline body mass index (BMI) Z-score 
in children older than 2 years (based on height 
and weight 3-6 months before the exacerbation 
during a stable condition and, in group 2, the 
best score in the same period), cystic fibrosis-
related diabetes (CFRD), presence of at least 1 
p.F508del mutation. The percentage of patients 
with chronic methicillin-resistant Staphylococcus 
aureus (MRSA), Pseudomonas aeruginosa (PA) and 
Burkholderia cepacia complex (BCC) infection was 
also recorded. Patients were considered to have 
a chronic infection if they had more than 50 % of 
positive cultures out of at least 4 cultures done 
in that year period (Leeds criteria).15 Bronchial 
secretions were obtained from an oropharyngeal 
swab in patients younger than 4 years, and 
from spontaneous sputum expectoration in 
older ones. Samples were seeded in blood agar, 
cystine lactose electrolyte deficient (CLED) agar, 
chocolate agar, cetrimide agar, mannitol salt agar, 
and Burkholderia cepacia Selective Agar (BCSA). 
Isolated microorganisms were identified using 
conventional biochemical tests.

Children 6 years and older had a spirometry 
done as per the American Thoracic Society (ATS) 
criteria. The percentage of predicted baseline 
forced expiratory volume in the first second 
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for continuation in the model was a significance 
level of less than or equal to 5 %. All analyses 
were done using the STATA 11.0© software.

For the sample size of 117 patients (n), 
a 0.39 odds ratio (OR) and a 0.20-0.55 95 % CI 
were estimated, with a 0.59 event frequency in 
the exposed group, a 0.05 type I error, and a 
90 % power (1- type II error), according to the 
magnitude of the association observed among 
the different risk factors and the exacerbation 
reported in Block’s study.14

RESULTS
Out of 125 patients under follow-up, 117 were 

included; their age ranged between 2 months 
and 18 years: 50 were included in the group 
with exacerbation and 67, in the group without 
exacerbation. Two patients were excluded because 
they were in the waiting list for bipulmonary 
transplant; 4, because they did not have at least 
4 secretion cultures in that year; and 2, because 
they were older than 18 years. The groups are 
described in Table 1.

Out of 67 patients without exacerbation, 
50 (74.6 %) showed the usual flora or methicillin-
sensitive Staphylococcus aureus (MSSA) in their 
bronchial secretions; none had chronic BCC 
colonization, and only 2 had MRSA and PA 
co-infection. In the group of 50 patients with 
exacerbation, only 5 (10 %) had the usual flora 
or MSSA, and 9 (18 %) had MRSA and PA co-
infection.

In relation to lung function, out of 117 patients, 
a baseline spirometry was obtained in children 

(FEV1) was recorded as per Knudson (who 
considered the best FEV1 value 3-6 months before 
the pulmonary exacerbation); in group 2, the best 
FEV1 value in the same year period was used. 
FEV1 was also recorded at the beginning and 
end of the exacerbation. To obtain the percentage 
of patients who recovered their lung function 
after the exacerbation, the FEV1 on the last day 
of hospitalization was obtained and compared 
to the baseline FEV1 (3-6 months before the 
exacerbation). If the patient achieved 90 % or 
more of his/her baseline FEV1, lung function was 
considered recovered.

Antibiotic therapy duration was determined 
by a specialist in CF based on symptoms and lung 
function recovery.

All outcome measures were compared in both 
groups to establish associations between outcome 
measures and the frequency of exacerbations.

Statistical analysis
Categorical outcome measures were described 

as frequency and percentage, while numerical 
outcome measures were expressed as mean, 
standard deviation, and confidence intervals (CIs) 
if they had a normal distribution or as median 
and interquartile range if they had an abnormal 
distribution.

The Poisson regression model was used 
to measure the association between annual 
exacerbation rates and the different studied 
outcome measures. The backward technique was 
used, eliminating those outcome measures that 
did not reach a p value below 20 %. The criterion 

Table 1. Population of patients younger than 18 years and diagnosed with cystic fibrosis seen at Hospital de Niños Ricardo 
Gutiérrez in 2013 

SD: standard deviation; BMI: body mass index; FEV1: forced expiratory volume in the first second;  
CFRD: cystic fibrosis-related diabetes; BCC: Burkholderia cepacia complex; PA: Pseudomonas aeruginosa;  
MRSA: methicillin-resistant Staphylococcus aureus; NA: not available; OR: odds ratio; CI: confidence interval.

	 Group 1: 	 Group 2:  
	 with exacerbation	 without exacerbation
	 (n = 50)	 (n = 67)	 OR (95 % CI)	 p
Age in years 
Mean (SD)	 10.03 (6.37)	 7.73 (4.43)	 1.07 (1.01, 1.14)	 0.030
Female sex (%)	 27 (54)	 26 (38)	 1.85 (0.88, 3.88)	 0.104
Baseline BMI Z-score				  
Mean (SD)	 -0.65 (1.07)	 -049 (0.97)	 1.81 (1.17, 2.8)	 0.007
p.F508del (%)	 45 (93)	 48 (71)	 5.93 (1.64, 21.43)	 0.007
Baseline FEV1				  
Predicted percentage (SD)	 68.9 (20.28)	 102.0 (15)	 0.88 (0.84, 0.93)	 0.000
CFRD (%)	 10 (20)	 0 (0)	 NA	 0.000
BCC (%)	 5 (10)	 0 (0)	 NA	 0.008
PA (%)	 20 (40)	 8 (11)	 4.91 (1.93, 12.46)	 0.001
MRSA (%)	 20 (40)	 9 (13)	 4.29 (1.74, 10.58)	 0.002
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aged 6 years and older, i.e., 38 patients from the 
group without exacerbation and 33 from that 
with exacerbation. The average baseline FEV1 
(predicted percentage) was 102 % ± 15 in the 
group without exacerbation and 68.9 % ± 20.28, 
in that with exacerbation (OR: 0.88; 95 % CI: 0.84-
0.93; p < 0.0001) (Figure 1).

None of the 38 patients without exacerbations 
had a baseline FEV1 below 60 %, while 10 out of 
the 33 patients with exacerbations (30 %) had 
a baseline FEV1 below 60 % of the predictive 
percentage (p < 0.001).

When compar ing  both  groups  in  the 
univariate analysis, significant differences were 
observed in terms of age, BMI Z-score, presence 
of CFRD, having at least 1 p.F508 mutation, 
the percentage of baseline FEV1, and having a 
chronic colonization by any of the 3 bacteria 
(Table 2). However, the multivariate analysis 
showed that the outcome measures that predicted 
exacerbations were a lower BMI Z-score, having 
at least 1 p.F508del mutation, and chronic BCC, 
PA or MRSA colonization (Table 3).

Group with pulmonary exacerbations
A total of 83 exacerbation episodes were 

recorded. The median length of hospitalization 
was 14 days (range: 13-36). In 16 exacerbation 

episodes (18.8 %), patients required non-invasive 
ventilation. No patient died during a pulmonary 
exacerbation.

Out of a total of 50 exacerbation episodes with 
available spirometry values, in 46, patients had 
an improved FEV1 from baseline after antibiotic 
therapy (92 %). In addition, out of 33 patients with 
exacerbations with available baseline spirometry 
values, 8 (24 %) failed to recover their lung 
function (Figure 2).

CFRD: cystic fibrosis-related diabetes; BMI: body mass 
index; FEV1: forced expiratory volume in the first second; 
BCC: Burkholderia cepacia complex; PA: Pseudomonas 
aeruginosa; MRSA: methicillin-resistant Staphylococcus aureus; 
RR: relative risk; CI: confidence interval.

FEV1: forced expiratory volume in the first second.

Figure 1. Baseline forced expiratory volume in the first second as a percentage of that predicted in patients with and without 
exacerbation

	 RR (95 % CI)	 p

Age	 1.04 (1.01, 1.08)	 0.024
Female sex	 1.36 (0.88, 2.09)	 0.160
p.F508del mutation	 6.07 (1.91, 19.24)	 0.002
CFRD	 2.96 (1.74, 4.99)	 0.000
Lower BMI Z-score	 1.69 (1.35, 2.13)	 0.000
Baseline FEV1	 0.96 (0.95, 0.97)	 0.000
BCC	 2.38 (1.15, 4.95)	 0.019
PA	 1.79 (1.14, 2.81)	 0.010
MRSA 	 2.44 (1.58, 3.76) 	 0.000

Table 2. Univariate analysis
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Group with exacerbation

n = 38
Group without exacerbation
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BMI: body mass index; BCC: Burkholderia cepacia complex; 
PA: Pseudomonas aeruginosa; MRSA: methicillin-resistant 
Staphylococcus aureus; RR: relative risk;  
CI: confidence interval.

Table 3. Poisson predictive logistic regression model using 
pulmonary exacerbations as a dependent outcome measure

	 RR (95 % CI)	 p
Lower BMI Z-score	 1.45 (1.13, 1.88)	 0.002
p.F508del mutation	 3.23 (1.01, 10.58)	 0.050
BCC	 3.69 (1.61, 8.48)	 0.002
PA	 1.89 (1.11, 3.20)	 0.017
MRSA	 2.32 (1.35, 3.99)	 0.002

Figure 2. Baseline forced expiratory volume in the first 
second (3-6 months before exacerbation) and at the end of 
exacerbation as a percentage of that predicted in patients 
with exacerbation

FEV1: forced expiratory volume in the first second.

DISCUSSION
Pulmonary exacerbations in CF have a clear 

impact on the quality of life of patients, and 
it is known that these results in an impaired 
lung function and contribute to disease-
related morbidity and mortality. Liou et al.,16 
demonstrated,  in  2001 ,  that  pulmonary 
exacerbations reduced patient survival by 12 %.

S c h e c h t e r  e t  a l . , 1 3  f o u n d  t h a t  a  l o w 
socioeconomic level was a risk factor associated 
with having a pulmonary exacerbation in CF 
patients. In our study, this was not assessed as a 
risk factor because most of our patients had a low 
socioeconomic level.

Block et al.,14 observed that female sex, 
younger age, a poorer baseline lung function, 
and a history of multiple previous pulmonary 
exacerbations were risk factors for pulmonary 
exacerbations. This study was done in adults 
and a few adolescents, and all patients had 
chronic, multidrug-resistant bacterial infections. 
In our study, chronic MRSA and/or PA and/or 
BCC infection was a risk factor for pulmonary 
exacerbation. Chronic MRSA infection has been 
the subject of several studies. Some demonstrated 
that it impaired lung function and required more 
intravenous antibiotic courses.17 In our study, it 
was observed that it increased the possibility for 
pulmonary exacerbations. In 2008, Jarad et al.,18 
showed that PA infection, a poor lung function, 
and CFRD were risk factors for pulmonary 
exacerbations in the adult population. Chronic 
PA19,20 and BCC21 infection was associated with 
a progressive deterioration of lung function; 
in this study, a chronic infection with any of 
these bacteria was a major risk factor for an 
exacerbation in children with CF.

The association between nutritional status 
and lung function in CF is well-known.22 Patients 
with a better nutritional status have better lung 

function values and a longer survival. In our 
study, a poor nutritional status was a risk factor 
for pulmonary exacerbation.

p.F508del is the most common mutation in 
the worldwide population. In Argentina, in 
59 % of cases, it is in at least one of the alleles 
of CF patients.23 It is a serious mutation and, in 
our study, it was shown to be a risk factor for 
pulmonary exacerbation.

Like in the study by Sanders,12 a fourth of 
patients in our study failed to recover their lung 
function. In 2017, Sanders24 demonstrated that 
failure to recover lung function was associated 
with a shorter time until the next exacerbation, 
a poor recovery from the next exacerbation, and 
a greater possibility of future exacerbations. The 
same author also demonstrated that a higher 
number of exacerbations was related to an 
increased rate of lung function deterioration.9

Our study has two limitations. One is that 
FEV1 was measured at the end of hospitalization 
to  check i f  pat ients  had recovered their 
baseline lung function. The study by Sanders12 
suggests that the best moment to assess the 
recovery of lung function is in the months after 
an exacerbation. The second limitation is its 
retrospective nature and 12-month duration 
period. In the future, it would be advisable to 
plan a prospective, multicenter study with a 
longer study period. It is worth noting that this 
study was done in the pediatric population and, 

% FEV1 at the end  
of exacerbation

% of baseline FEV1

n = 33

% FEV1
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to date, there are no studies on the risk factors for 
pulmonary exacerbation in this age group.

A pulmonary exacerbation is a critical event 
in the determination of pulmonary disease course 
in CF. Knowing the risk factors associated with 
pulmonary exacerbations may help to more 
strictly monitor patients with said factors and 
thus prevent them.

CONCLUSIONS
The presence of the p.F508del mutation, a 

poor nutritional status, and chronic MRSA, PA 
and BCC colonization are predictive risk factors 
for pulmonary exacerbation in pediatric patients 
with CF. After a pulmonary exacerbation, a fourth 
of patients failed to recover their lung function.n
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