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ABSTRACT: This study aimed to describe lung function in a cohort of children with cystic fibrosis

(CF) who underwent infant pulmonary function tests (IPFTs) and preschool spirometry.

Children performed up to four IPFTs (raised volume rapid thoracic compression technique)

over 1 yr and five preschool spirometry tests over up to 2 yrs during participation in prospective,

multicentre studies of infant and preschool lung function. All lung function data were reviewed

centrally for measurement acceptability.

45 children had 252 acceptable measurements (137 IPFTs and 115 preschool spirometries) at

ages 0.3–6.5 yrs. The median number of measurements per participant was 6 (range 3–9). Recent

Pseudomonas aeruginosa infection was associated with 5.1% (95% CI 0.01–9.9%) lower forced

expiratory volume in 0.5 s (FEV0.5) and 16.4% (95% CI 7.0–24.9%) lower forced expiratory flow at

25–25% of forced vital capacity (FEF25–75%), after adjustment for length, test type and centre.

Recent cough was associated with 5.7% (95% CI 1.1–10.1%) lower FEV0.5 and 10.1% (95% CI 0.6–

18.7%) lower FEF25–75%. Even after accounting for infection status, cough, sex, length, test type

and centre, there was significant inter-individual variability in lung function (p,0.01 for each of

FEV0.5, FEF25–75% and forced vital capacity).

Recent P. aeruginosa infection and cough are associated with lower lung function in children

with CF. Significant inter-individual variability in lung function remains to be explained.

KEYWORDS: Cough, Pseudomonas aeruginosa, raised volume rapid thoracic compression

technique, spirometry

C
ystic fibrosis (CF) is characterised by
progressive obstructive lung disease that
ultimately results in irreversible structural

airway damage including bronchiectasis. Studies in
infants using sedated pulmonary function testing,
computed tomography scanning and bronchoal-
veolar lavage have demonstrated that CF lung
disease often begins in the first several months of
life [1–9]. DAVIS et al. [9] recently reported mild but
progressive obstructive lung disease in a multi-
centre US cohort of CF infants using the raised
volume rapid thoracic compression (RVRTC) tech-
nique and whole-body plethysmography. A subset
of these children subsequently enrolled in a multi-
centre study of preschool lung function [10, 11].
Infant pulmonary function tests (IPFTs) are increas-
ingly being employed to monitor early CF lung
disease in the hopes that early detection of disease
may improve outcomes. However, investigations of
how lung function progresses from infancy to the
preschool years have been limited [12, 13]. The
objectives of the current study were to describe the
effect of demographic and clinical characteristics on

lung function, the trends in lung function from
infancy through preschool, and the individual
variability in these trends in a cohort of children
with CF who underwent sedated IPFT and coop-
erative preschool spirometry. Portions of this study
were previously published in abstract form [14].

METHODS

Participants
Children with a confirmed diagnosis of CF [15]
and age ,24 months of age were enrolled in a 10-
centre, longitudinal study of IPFT between 2003
and 2006 [9]. Subsequently, graduates of the IPFT
study who were aged between 36 and 60 months
of age were enrolled in a longitudinal study of
preschool lung function [10, 11] at six of the
original 10 centres (Seattle Children’s Hospital
Research Institute, Seattle, WA; University of
North Carolina, Chapel Hill, NC; University of
Colorado and Children’s Hospital Colorado,
Aurora, CO; Nationwide Children’s Hospital,
Columbus, OH; Rainbow Babies and Children’s
Hospital, Cleveland, Cleveland, OH; and Texas
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Children’s Hospital, Houston, TX) between 2006 and 2008.
Requirement for inclusion in the current analysis was enrolment
in both the infant and preschool study and at least one accep-
table IPFT and one acceptable preschool spirometry test. Most
participants in the current study were diagnosed following
clinical presentation as universal newborn screening was avail-
able at only one of the six centres at the time of enrolment.
Detailed eligibility criteria for the IPFT and preschool lung
function studies have been previously published [9–11].
Informed consent was obtained from all parents/guardians and
institutional review board approval was obtained at all centres.

Study visits
Study visits for the infant lung function testing study occurred
at enrolment and 6 and 12 months later, with an additional
short-term reproducibility visit within ,1 month of one of
these visits. Visits for the preschool study occurred at enrol-
ment and every 6 months for up to four visits with an
additional short-term reproducibility visit within ,2 weeks of
one of these visits.

Lung function measurements
IPFT was performed with the nSpire Infant Pulmonary Lab
(nSpire, Inc., Longmont, CO, USA) using a standard operating
procedure based on published guidelines [16, 17], as previously
reported [9]. Participants were sedated with 75–125 mg?kg-1 of
chloral hydrate. The order of testing was plethysmography [18,
19] (data not reported in this article) followed by the RVRTC
technique [16, 17]. Preschool spirometry was performed using
the Koko device (nSpire, Inc.), also following a standard
operating procedure based on published guidelines [20].

Rigorous training and certification of all centre personnel was
conducted prior to both studies by the Cystic Fibrosis
Foundation Therapeutics Development Network Center for
Infant and Preschool Pulmonary Function Testing (Seattle, WA,
USA). All lung function data were reviewed for acceptability
[16, 17, 20] by three experts (S.D. Davis, G.S. Kerby and R.
Johnson) blinded to clinical characteristics. The measures
analysed in the current report are forced expiratory volume in
0.5 s (FEV0.5), forced vital capacity (FVC) and forced expiratory
flow between 25 and 75% of FVC (FEF25–75%). For infant
measurements, FEV0.5, FEF25–75% and FVC were defined by the
flow-volume curve with the greatest sum of FVC and FEF25–75%

[16]. For preschool measurements, FEV0.5 and FVC were
defined as the maximum values from the set of acceptable
flow–volume curves, and FEF25–75% was defined by the flow–
volume curve with the highest sum of FVC and FEV0.5 [20].

Clinical assessments
At each visit, in addition to lung function, weight and length (or
height) were measured. For the infant pulmonary function
study, oropharyngeal cultures were obtained at enrolment, and
at 6- and 12-month visits unless data were available from a
culture obtained within 1 month prior to the visit. For the
preschool spirometry study, all results from respiratory cultures
(Staphylococcus aureus, Pseudomonas aeruginosa, Haemophilus
influenzae, Achromobacter xylosoxidans, Stenotrophomonas malto-
philia and Burkholderia cepacia) obtained for clinical indications in
the 6 months preceding enrolment and during the study were
recorded. All cultures were performed in participating centres’

clinical microbiology laboratories. Recent isolation of each
organism at each study visit was defined as a positive result
on the most recent culture on or before the study visit date.
Environmental cigarette smoke exposure was assessed by
parental report at the enrolment visit for both studies. The
participant was defined as having smoke exposure if the mother
smoked during pregnancy or the child was exposed to second-
hand smoke (o3 days?week-1), as reported by the parents at the
first infant pulmonary function study visit. o3 days?week-1 was
chosen to represent routine environmental tobacco smoke
exposure. Parents reported daytime cough severity at all visits
for both the infant and preschool studies according to four
categories, as defined by the Wisconsin Cough Score [21]: 1) no
cough; 2) rare cough; 3) cough in the morning or with postural
drainage; or 4) frequent, productive or paroxysmal cough. If one
of the latter two categories were reported, the participant was
defined as having a recent cough at the time of the study visit.

Statistical analysis
Acceptable measurements of FEV0.5, FEF25–75% and FVC were
natural log-transformed (common when modelling lung func-
tion in young children [12, 16, 22, 23]) and modelled using
mixed effects model analysis [24]. The first model included a
linear function of natural log-transformed length, an indicator
for whether the measurement was obtained by sedated IPFT or
preschool spirometry (test type), centre, and a random intercept
and slope to capture individual variability in trends (model 1).
Indicators for female sex, homozygous DF508 genotype (homo-
zygous DF508 versus heterozygous DF508/other), exposure to
smoke, recent cough, recent P. aeruginosa, recent S. aureus and
recent H. influenzae were then included in separate models to
evaluate the individual effects of these clinical/demographic
variables, adjusted for length, test type and centre (model 2).
The effects of S. maltophilia, A. xylosoxidans and B. cepacia were
not evaluated because there were very few positive cultures.
Finally, recent P. aeruginosa, recent H. influenzae, recent cough
and female sex were included together in the model to evaluate
the effect of each of these characteristics on lung function
adjusted for the other three covariates as well as length, test type
and centre (model 3). Estimates of effects and 95% confidence
intervals were transformed back to the original scale. The
statistical significance of the inter-individual variability in lung
function trends was evaluated by the likelihood ratio test
comparing model 3 with and without the random slope. The
predicted slopes for participants were transformed to the
original scale and the range is presented to make the estimates
of inter-individual variability more interpretable.

RESULTS

Participants
As shown in figure 1, 100 children participated in the 10-centre
infant lung function study, of whom 75 were enrolled at the six
centres participating in the preschool study. Of these 75 children,
60 participated in the preschool study. Of the 60 children who
participated in both studies, 45 had at least one acceptable IPFT
and one acceptable preschool spirometry test and comprise the
current study cohort. The number of participants per centre
ranged from four to 15. Characteristics of the participants in the
current study were compared with those in the infant study
(from the same six centres) that were not part of the current
study cohort (table 1). Most characteristics were similar,
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although the current study cohort had a higher proportion of
children who were non-Hispanic white and tended to have
higher average lung function on the first acceptable RVRTC test.

Longitudinal measurements
Among 347 study visits from 45 participants, there were 252
(73%) acceptable lung function measurements (137 IPFTs and
115 preschool spirometry tests). The mean and median number
of acceptable measurements per participant were both 6 (range
3–9). The age of the participants at the time of these measure-
ments ranged from 0.3 to 6.5 yrs.

At the time of the 252 acceptable lung function measurements,
the most recent culture was positive for P. aeruginosa a total of
27 times among 16 participants. 10 participants had one or more
P. aeruginosa-positive cultures during the infant study, six had
one or more P. aeruginosa-positive cultures during the preschool
study, and none had one or more P. aeruginosa-positive cultures
during both studies. The recent culture was positive for S. aureus
a total of 109 times among 38 participants. Seven of these
participants had one or more S. aureus-positive cultures during
only the infant study, 11 had one or more S. aureus-positive
cultures during only the preschool study, and 20 had one or
more S. aureus-positive cultures during both studies. The recent
culture was positive for H. influenzae a total of 58 times among 24

participants. Seven participants had one or more H. Influenzae-
positive cultures during only the infant study, seven had one or
more H. Influenzae-positive cultures during only the preschool
study, and 10 had one or more H. Influenzae-positive cultures
during both studies. The recent culture was positive for
S. maltophilia a total of three times among three participants,
A. xylosoxidans a total of two times among two participants and
for B. cepacia no times. The mean time between the dates of lung
function measurement and the most recent prior culture was
18 days. The culture was obtained on the same day as the lung
function measurement for 58% of the measurements, and within
1 month for 78%, 2 months for 89% and 3 months for 96%.

Cough severity was recorded on the day of the acceptable lung
function measurement for all measurements except one (251
measurements from 45 participants). Recent cough was reported
28 times from 18 participants. Seven of these participants had
recent cough one or more times during only the infant study,
seven had recent cough one or more times during only the
preschool study and four had recent cough during both studies.

Effect of demographic and clinical characteristics on lung
function
Observed lung function measurements are shown by length
and test type (IPFT versus preschool spirometry) in figure 2.
Both length and test type were significantly associated with lung
function (table 2, model 1). A 10% increase in length was
associated with a 22% increase in FEV0.5, 15% increase in FEF25–

75% and 29% increase in FVC, after adjustment for test type and
centre. (The effects of length on lung function are expressed as
percentage change because the regression model uses log-
transformed lung function and length.) Measurements obtained
by preschool spirometry were significantly different than those
obtained by IPFT, after adjustment for length and centre. FEV0.5

and FEF25–75% were 9.6% and 14.2%, respectively, higher when
obtained by preschool spirometry than by IPFT, while FVC was
6.6% lower, after adjustment for length and centre. A significant
effect of centre on lung function was not detected (for test of any
differences among centres: p.0.6 for FEV0.5, p.0.8 for FEF25–

75% and p.0.2 for FVC).

In separate models, recent P. aeruginosa-positive culture and
cough were each significantly associated with lower FEV0.5 and
FEF25–75%, after adjustment for length, test type and centre
(table 2, model 2). Recent H. influenzae-positive culture was
significantly associated with lower FVC. Statistically significant
associations between lung function and recent S. aureus-positive
culture, homozygous DF508 genotype and smoke exposure
were not detected, though there was a trend towards lower lung
function among those not homozygous for DF508 and those
exposed to smoke. Females had lower length and test-type
adjusted FEV0.5, FEF25–75% and FVC than males on average,
although the effect was statistically significant only for FVC.
When recent P. aeruginosa, recent H. influenzae, recent cough and
sex were evaluated simultaneously, after adjustment for length,
test type and centre, the direction of the effects did not change
although the effects of cough and sex were no longer statistically
significant (table 2, model 3). The results were similar when we
restricted the analysis to only those participant visits where the
recent culture was obtained within 1, 2 or 3 months of the lung
function measurement (data not shown).

100 children with CF 
in the IPFT study

25 children at sites which did not
participate in preschool spirometry 
study

75 children at sites
that participated in 

the preschool 
spirometry study

60 children 
participated in both 

the infant and 
preschool studies

45 children with 
acceptable lung function 

measurements from 
both studies

15 children did not participate in
preschool study

15 children did not have at least 
one acceptable measurement from 
each study

FIGURE 1. A diagram of the flow of participants through the study. CF: cystic

fibrosis; IPFT: infant pulmonary function testing.
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Inter-individual variability in lung function
There was significant inter-individual variability in lung function.
The variance component for the slope of log-transformed lung
function with respect to log-transformed length was statistically
significantly different from 0 (p,0.0001 for each of FEV0.5 and
FEF25–75%, and p,0.01 for FVC). The predicted change in lung
function associated with a 10% increase in length among
participants ranged from 16% to 27% for FEV0.5, 2% to 28% for
FEF25–75%, and 25% to 34% for FVC. The range for FEF25–75% is
greatest, consistent with the large variability of observed trends in
FEF25–75% compared with FEV0.5 and FVC as seen in figure 2.

DISCUSSION
In this prospective, multicentre, longitudinal study of spiro-
metry from infancy to preschool in a cohort of children with CF,
we have shown that isolation of P. aeruginosa from the most
recent respiratory culture and recent cough are both associated

with worse airway obstruction (lower FEV0.5 and FEF25–75%).
After accounting for infection status, recent cough, sex, test type,
length and centre, there was still significant inter-individual
variability in the trend in lung function over time. To our
knowledge, we are the first to quantify the inter-individual
variability in lung function during the first 6 yrs of life with CF.

Our results corroborate those of the few prior longitudinal
studies of lung function as measured by IPFTs and preschool
spirometry in CF children [12, 13]. KOZLOWSKA et al. [12]
evaluated lung function from infancy to preschool in a cohort
of children with CF and in concurrent healthy controls. The
effects of P. aeruginosa and cough on lung function were similar
in both their study and ours, reinforcing the generalisability of
these findings. KOZLOWSKA et al. [12] reported that intermittent
and chronic P. aeruginosa infection were associated with similar
decrements in lung function. In an earlier, smaller study,

TABLE 1 Participant characteristics at enrolment#

Current study cohort" Not in current study cohort+

Subjects n 45 30

Sex

Male 27 (60) 15 (50)

Race//ethnicity

Non-Hispanic white 44 (98) 21 (70)

Black 0 (0) 1 (3)

Hispanic 1 (2) 6 (20)

Other 0 (0) 2 (6)

Genotype

DF508 homozygous 24 (53) 18 (60)

DF508 heterozygous 19 (42) 9 (30)

Other or unknown 2 (4) 3 (10)

Exposure to cigarette smoke 4 (9) 5 (17)

Age months 12.8¡6.2 13.5¡6.4

Height cm 72.9¡8.2 73.9¡6.0

Height percentile1 31.7¡26.7 37.7¡28.5

Weight kg 8.7¡2.1 9.4¡1.9

Weight percentile1 23.0¡26.5 37.1¡24.8

First acceptable lung functione

Participants with an acceptable measurement n 45 27

FEV0.5 mL 338¡97 302¡88

FEV0.5 z-score 0.31¡0.9 -0.55¡1.6

FEF25–75% mL?s-1 626¡193 601¡223

FEF25–75% z-score -0.11¡1.2 -0.52¡2.1

FVC mL 474¡171 390¡112

FVC z-score 0.77¡1.0 -0.44¡1.3

Recently Pseudomonas aeruginosa positive 4 (9) 4 (14)##

Recent cough 3 (7) 3 (10)""

Data are presented as n (%) or or mean¡SD, unless otherwise stated. FEV0.5 : forced expiratory volume in 0.5 s; FVC: forced vital capacity; FEF25–75%: forced expiratory

flow between 25 and 75% of FVC. Z-scores were computed using reference equations of JONES et al. [16]. #: participants in the current study cohort are compared with

participants of the infant pulmonary function testing study who are not in the current study cohort. ": children in this study had at least one acceptable infant pulmonary

function test and one acceptable preschool spirometry test. +: children not in this study were from centres which participated in the infant and preschool lung function

studies but did not enrol in the preschool spirometry study or did not have at least one acceptable infant pulmonary function test and one acceptable preschool

spirometry test. 1: age- and sex-specific percentiles based on equations from National Health and Nutrition Examination Survey [25]. e: lung function as measured by

raised volume rapid thoracic compression at time of first acceptable measurement during the infant lung function study. ##: one of the children lacked culture information

at enrolment. "": one of the children did not provide information about cough at enrolment.
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MAROSTICA et al. [13] reported a correlation between lung
function in infancy (z-scores of FEF25–75% and FEV0.5 assessed
by RVRTC) and preschool (z-scores of FEF25–75% and FEV1 by
spirometry) among 14 children with CF.

Two additional studies have compared lung function in infancy
and early school age (age .6 yrs) in children with CF [26, 27].
Prior to the development of the RVRTC method, BEARDSMORE

[26] did not find an association between airway resistance or
partial forced expiratory flows in infancy and lung function in
early school age. A more recent retrospective single-center study
[27] demonstrated a correlation between airflow obstruction as
measured by single breath occlusion (resistance of respiratory
system and specific respiratory system conductance) and
RVRTC (FEF50% of FVC) in infancy and conventional spirome-
try in early school age.
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FIGURE 2. Observed lung function versus length. a) Forced expiratory volume in 0.5 s (FEV0.5), b) forced expiratory flow between 25 and 75% of forced vital capacity

(FEF25–75%), and c) forced vital capacity (FVC). IPFT: infant pulmonary function testing.

TABLE 2 Effect of demographic and clinical characteristics on lung function#

FEV0.5 FEF25–75% FVC

Model 1"

Length per 10% increase 22 (19–25) 15 (10–20) 29 (27–32)

Test preschool spirometry 9.6 (3.1–16.7) 14.2 (0.8–29.3) -6.6 (-11.7– -1.2)

Model 2+

Recent Pseudomonas aeruginosa -5.1 (-9.9– -0.01) -16.4 (-24.9– -7.0) 1.1 (-3.4–5.7)

Recent Staphylococcus aureus -0.9 (-4.2–2.5) -1.9 (-8.3–5.0) 0.04 (-2.9–3.0)

Recent Haemophilus influenzae -2.3 (-6.1–1.8) 1.6 (-6.6–10.5) -4.4 (-7.7– -1.1)

Recent cough -5.7 (-10.1– -1.1) -10.1 (-18.7– -0.6) -1.6 (-5.6–2.6)

Genotype homozygous DF508 5.3 (-1.2–12.3) 9.2 (-3.1–22.9) 0.7 (-6.3–8.2)

Exposure to smoke -8.2 (-18.2–3.1) -11.4 (-27.8–8.7) -7.8 (-19.0–5.0)

Female sex -5.4 (-11.7–1.4) -2.7 (-14.2–10.4) -7.7 (-14.2– -0.6)

Model 31

Recent Pseudomonas aeruginosa -5.4 (-10.2– -0.2) -16.5 (-25.2– -6.7) 0.3 (-4.2–5.0)

Recent Haemophilus influenzae -2.5 (-6.3–1.5) 0.7 (-7.2–9.4) -4.3 (-7.5– -0.9)

Recent cough -4.7 (-9.2–0.1) -6.6 (-15.6–3.4) -1.7 (-5.8–2.6)

Female sex -4.8 (-11.2–2.1) -2.1 (-13.2–10.4) -6.8 (-13.3–0.2)

252 measurements from 45 participants for all models except those with cough (n5251 measurements from 45 participants) and genotype (n5242 measurements from

43 participants). FEV0.5: forced expiratory volume in 0.5 s; FVC: forced vital capacity; FEF25–75%: forced expiratory flow between 25 and 75% of FVC. #: estimates of effect

and 95% confidence intervals were transformed back to the original scale; effects are percentage differences. ": base model, including ln(length) and test type (infant

versus preschool) and centre. The centre is included, but its effect on lung function is not statistically significant (for test of differences among centres: p.0.6 for FEV0.5,

p.0.8 for FEF25–75%, and p.0.2 for FVC); effects are not tabulated. +: each characteristic evaluated separately in a model including ln(length), test type and centre. 1: the

four characteristics evaluated simultaneously, in addition to ln(length), test type and centre. Bold indicates statistical significance (p,0.05).
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We explored an association between recent S. aureus and lung
function because of evidence of possible adverse effects of S.
aureus on lower airway inflammation in bronchoalveolar lavage
studies in infants with CF [28–30], as well as on lung function in
school age children with CF [31]. In contrast to PILLARISETTI et al.
[30], who reported that S. aureus isolated from bronchoalveolar
lavage fluid was associated with lung function decline among
infants with CF, we did not find an association between S. aureus
and lung function. The discrepancy in our findings may reflect
the fact that we did not evaluate lower airway cultures, or
differences in the patient populations. We found that H.
influenzae was associated with lower FVC. While H. influenzae
has been found to be associated with pulmonary exacerbations
[32], and with higher leukocyte and neutrophil counts in
bronchoalveolar lavage fluid from CF infants [5]; to our
knowledge, the association of H. influenzae with lung function
has previously only been evaluated in one study using FEV1

among children aged .6 yrs [33] and a significant effect was not
detected in that study. However, the clinical significance of an
effect of H. influenzae on vital capacity without an effect on
airway obstruction (forced expiratory flows) is unclear. In
agreement with KOZLOWSKA et al. [12], we found a significant
effect of test type (sedated IPFT versus cooperative preschool
spirometry) on lung function for a given length. The effects of
test type we observed were similar in direction and magnitude
to those in the published reference equations for infants [16] and
preschoolers [22, 34] within the range of lengths (,90–100 cm),
where both types of measurements have been performed. An
effect of test type is not surprising given the differences in
measurement devices and procedures. It is also possible that
true biological changes from infancy to preschool, such as
changes in the ratio of peripheral to central airway resistance,
may explain part of the observed effect. An assessment of
agreement between the measures from the two test types was
limited in our study because of the elapsed time between
acceptable measurements with the different tests.

Strengths of our study include the multicentre nature of the
cohort, rigorous quality control and centralised review of all lung
function data for acceptability, and a relatively large number of
lung function measurements per child. Weaknesses of our study
include the following. First, of the 100 infants enrolled in the
original infant lung function study, 75 were followed at centres
participating in the preschool study, of which only 45 comprise
the current study cohort. A total of 252 acceptable lung function
measurements were obtained, but these are only 73% of the
attempted lung function tests. Table 1 does not demonstrate
important differences between participants taking part and not
taking part in the current study cohort (except for possibly
differences in the average lung function) and the mixed effects
model accounts for missing measurements. However, bias due to
cohort selection and missing data remains a consideration.
Secondly, only one out of the six centres had universal newborn
screening at the time of enrolment so we did not evaluate the
effect of mode of diagnosis on lung function. Lifetime culture
results were not collected so we did not have sufficient
information to evaluate either the effect of initial acquisition of
organisms or categories of P. aeruginosa status according to the
Leeds criteria [35] (never, intermittent or chronic P. aeruginosa
infection). We also did not collect information to evaluate the
effects of Aspergillus, viruses, or treatments such as intravenous

or nebulised antibiotics, long-term azithromycin or nebulised
mucolytics. It is possible that this information would account for
some of the unexplained variability in lung function. Lastly, we
lacked data on concurrent controls from infancy to preschool
given human subjects’ concerns and regulations precluding the
sedation of healthy controls for IPFTs in the USA, so we cannot
comment on the effect of a diagnosis of CF itself on lung function.

In summary, we have shown, in a cohort of children with CF
followed from infancy through the preschool years, that recent
P. aeruginosa and recent cough are both associated with lower
FEV0.5 and FEF25–75%. While these factors explain some of the
variability in lung function, significant inter-individual varia-
bility remains to be explained. Further research may elucidate
additional risk factors for low lung function and suggest
potential avenues for treatment in this young population.
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