
Introduction
Chronic lung disease is the most serious clinical ex-

pression of Cystic Fibrosis (CF) and the major cause of
morbidity and mortality among CF patients1. Evaluation
of pulmonary function is an essential part of clinical care
for detection of the disease response to treatment2.

Forced expired volume in the 1st second (FEV
1
) has

traditionally been used to monitor lung function in CF pa-
tients and is still recognized as a good predictor of out-
come in cases with moderate-to-severe CF lung disease3,4.
However, FEV

1
measurement has two significant disad-

vantages. First, spirometry is difficult to be performed by
preschoolers and infants, because it requires special co-
operation5,6. Second, several clinical trials showed that the
majority of young children with CF tend to have FEV

1

values within the normal range at early school age7-9,
while 30% of CF patients with normal spirometric param-
eters have already structural damages on high resolution

computed tomography (HRCT)10-12.
Multiple breath washout method (MBW) is a non-in-

vasive and safe test for assessing ventilation inhomogene-
ity. Lung clearance index (LCI), a common index of
uneven ventilation distribution, has recently been pro-
posed as a sensitive marker for the detection of early pul-
monary changes in CF13-15 and has strongly been
associated with structural changes on HRCT12,16. More-
over, LCI seems to be a stronger functional predictor of
disease progress than FEV

1
14,15. A significant advantage of

LCI measurement is that it can be feasible from early age
to adulthood and is independent of age, weight, height and
sex, with an exception for infants17-19. There are a few
studies addressing the role of LCI as an index for the ef-
fectiveness of therapeutic interventions in CF patients. In
two studies LCI was used to examine the clinical response
to intravenous (IV) antibiotic therapy among CF children
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during an acute pulmonary exacerbation20,21.
The aim of this study was to compare the effectiveness

of IV treatment on LCI and FEV
1

when it is administered
on a regular basis, versus during an acute pulmonary ex-
acerbation. 

Material and Method
Subjects

This was a prospective study that recruited CF children
followed up at the CF centre of the 3rd pediatric department
of Aristotle University of Thessaloniki from October 2011
to October 2012. All children were colonized with
pseudomonas aeruginosa and were admitted in order IV
antibiotics to be administered for two weeks, either be-
cause of an exacerbation, or on regular basis. All partici-
pants were of Caucasian origin. Height, weight and body
mass index (BMI)) were recorded and the Shwachman -
Kulczycki (SK) score was calculated to assess the severity
of the disease22. A total of 34 eligible children with CF
were recruited; 32 subjects completed the study (two chil-
dren were excluded from the analysis, because of poor co-
operation during MBW measurement). Nineteen patients
received a course of elective treatment (group A), while
thirteen received IV antibiotics due to an acute exacerba-
tion (group B). This study was approved by the Ethical
Committee of Aristotle University of  Thessaloniki. 

Study design
All patients received a course of two anti-pseudomonal

antibiotics for 14 days. Spirometry and MBW tests were
performed on the first day of hospitalization. Height and
weight were measured and z-scores were calculated using
World Health Organization anthropometric software
(WHO anthro plus). The presence of pulmonary exacerba-
tion on admission was defined, according to Fuchs et al
criteria, modified by Bilton et al23-24. All patients were
reevaluated one month later with spirometry and MBW.

Spirometry was performed according to ATS/ERS stan-
dards25 using an electronic spirometer (Vitalograph 2120, Vi-
talograph Ltd Ennis, Ireland). Forced Vital Capacity (FVC),
FEV

1
and Forced Expiratory Flow 25-75 (FEF

25-75
) were cal-

culated. The results were expressed as percentage predicted
and z-scores, which were calculated, using the Global Lung
Function Initiative software (GLI 2012, Global Lung Func-
tion Initiative Task Force, available at: http://www.lungfunc-
tion.org/). MBW measurements were performed according
to ATS/ERS standards26 using an ultrasonic flow measuring
system for measuring flow, volume and molecular mass (EX-
HALYZER D, Ecomedics, Switzerland). 

Statistical analysis
Descriptive statistics were used to describe the study

population. Normality was determined using the Kol-
mogorov-Smirnov test. Differences in lung function pa-
rameters before and after antibiotic treatment were
analyzed using paired t-tests. P values <0.05 were consid-
ered statistically significant. Statistical analysis was per-
formed using SPSS for Windows version 19.0 (SPSS IBM
SPSS Statistics 19, USA). 

Results
A total of 34 eligible children with CF receiving IV

treatment were initially recruited, but two of them were
excluded from the analysis, because of poor cooperation
during MBW measurements. MBW measurement was
performed by 32 subjects and spirometry by 23 (the rest
were unable to achieve a satisfactory effort because of
their young age), before and one month after IV treatment.
The demographic and anthropometric characteristics of
the 32 patients that participated in the study are shown in
Table 1. The mean (range) age at admission was 9.90
(range: 2-23) years. Baseline spirometry was consistent
with moderate impairment, with a mean (range) FEV

1
%

predicted of 83.43 (30.4-124.0), (Table 2).
Statistically significant differences after treatment were

seen in LCI (p<0.001) and FEF z-scores (p<0.05), while
FEV

1
did not change significantly after drug intervention

(p=0.859). LCI decreased by a mean of 1.77 lung turnovers,
a 15% change (p=0.0001), improving in 29 of 32 patients.
FEF

25-75
z-score improved by 0.44, a 36% change (p=0.048)

(Table 2).
Patients were divided into two groups. Group A con-

sisted of 19 patients who had scheduled admission for IV
antibiotics and group B consisted of 13 patients that were
treated for an acute pulmonary exacerbation. The mean
LCI was decreased significantly by 6% (p=0.018) among
patients of group A (Figure 1). On the contrary, spiromet-
ric parameters showed no statistically significant changes
in this group (Table 2). Patients of group B showed sig-
nificant improvement in most of the lung function param-
eters; mean LCI decreased by 26% (p=0.0001) improving
in 12 to 13 patients (Figure 1). FEV

1
% increased signifi-

cantly by 10.36% (p=0.05) and FEF
25-75

increased by
28.5% (p=0.046), (Table 2). Five out of 12 patients (42%)
of group A, and 7 out of 11 patients (64%) of group B
showed improvement in both LCI and FEV

1
values. Forty-

two percent (42%) of group A and 36% of group B
showed improvement only in LCI, but not in FEV

1
(Figure

2). The mean LCI difference was significantly greater in

48

Table 1. Demographics and clinical data of the 32 cystic fibrosis
patients, that were evaluated with spirometry and multiple breath
washout before and one month after intravenous antibiotic treatment.

Population characteristics Mean (range) or N (%)
Number of patients 32 (15 male, 17 female)
Age (years) 9.90 (2 - 23)
Height (cm) 128.88 (83 - 171)
(z-score) -0.74 (-4.27 - 1.00)
Weight (kg) 30.18 (11.00 - 61.80)
(z-score) -0.36 (-3.91 - 3.59)
BMI 16.94 (11.56 - 23.09)
(z-score) -0.08 (-3.35 - 4.25)
Shwachman – Kulczycki score 65.97 (32.00 - 90.00)
ΔF508 homozygous 12 (37.5%)
Pseudomonas aeruginosa colonized 32 (100%)
Pancreatic insufficient 31 (96.8%)
BMI: body mass index.
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group B compared to group A (p=0.001). 

Discussion
This study demonstrates that LCI is more sensitive

index than FEV
1

to assess the effectiveness of IV antibi-
otic treatment in CF patients. Significant difference has
been shown in LCI as a result of a course of IV treatment
in the whole group of patients, while FEV

1
did not change

significantly. Moreover, this is the first study in which LCI
was used as an index to compare the effectiveness of IV
treatment between two groups: CF children being treated
on a regular basis (group A) and children being treated in
case of a pulmonary exacerbation (group B). Current data
showed that LCI improved more significantly (p<0.001)
after treating an acute exacerbation compared to the im-
provement after scheduled IV treatment (p<0.05). 

Progressive obstructive lung disease is the main cause
that results in frequent admissions and shortens life ex-
pectancy in most CF patients. FEV

1
has been used as an

outcome measure of different interventions and is recog-
nized as a good predictor in subjects with moderate-to-se-
vere CF lung disease3. FEV

1
is influenced by many factors

including the resistance and mechanical properties of the
airways, total lung capacity, the elastic recoil pressure of
the lungs, and muscular strength. In early stages of the dis-
ease normal FEV

1
values are usually found, while structural

damages have already been developed13,27-28. FEF
25-75

re-
flects the flow in small airways29 and is more sensitive than
FEV

1
for detecting structural damages in small airways12.

Over the last decade, an increased interest for MBW

method has been noted among CF patients. LCI is the
most common reported index of ventilation inhomogene-
ity obtained from the MBW test20. There are many studies
comparing the sensitivity of LCI versus FEV1 to detect
chronic lung disease in early childhood8,13-14,17,20,27,28,30,31.
LCI has been correlated with the presence and extent of
structural lung damages with a sensitivity of 88%13. There
are a few studies regarding the use of LCI as an outcome
measure after therapeutic interventions in CF population.
Fuchs et al32 examined if LCI was changed significantly
after administrating chest physiotherapy. The effective-
ness of hypertonic saline33-34 and dornase alpha35 on lung
function has been also examined. Davies et al assessed
the clinical response to ivacaftor with LCI in CF patients
aged 6 years or older who had at least one G551D-CFTR
allele36. There are two studies20-21 investigating the utility
of LCI, as a tool to assess the clinical response to IV an-
tibiotics in CF children for an acute pulmonary exacerba-
tion.

In the present study LCI showed statistically signifi-
cant improvement after IV treatment (p<0.001). Cystic fi-
brosis lung disease affects the airways at early stages and
eventually progresses to parenchymal destruction. LCI ex-
presses differences in ventilation inhomogeneity among
lung units, which may be due to changes in airway resist-
ance or lung compliance. Robinson et al, considered as
clinical significant an LCI change >5%21. Our study
showed a mean LCI increase of 15% after administration
of IV antibiotics. Spirometric parameters FEV

1
, FVC

showed no significant improvement, except FEF
25-75

z-
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Table 2. Lung function parameters Pre- and Post-intravenous (IV) antibiotic treatment among the whole group, group A (patients
treated on a regular basis) and group B (patients treated due to an acute pulmonary exacerbation).

Lung Function Parameters Pre Post p Pre Post p Pre Post p
IV IV IV IV IV IV

WHOLE GROUP GROUP A GROUP B
LCI 11.57 9.80 0.000¶ 10.67 10.02 0.018* 12.87 9.47 0.000¶

(3.28) (3.02) (2.74) (2.90) (3.66) (3.28)
FVC (L) 2.14 2.28 NS 2.17 2.29 NS 2.10 2.27 NS

(0.94) (1.04) (0.96) (1.10) (0.95) (1.01)
% predicted 86.41 91.11 90.71 92.30 NS 81.72 89.82 NS

(7.73) (1.73) (20.60) (20.66) (13.35) (23.79)
z-score -1.43 -0.99 NS -1.04 -0.82 NS -1.86 -1.17 NS

(1.62) (1.98) (1.76) (1.76) (1.41) (2.26)
FEV

1
(L) 1.73 1.82 NS 1.85 1.86 NS 1.60 1.78 NS

(0.75) 0.79) (0.80) (0.81) (0.70) (0.80)
% predicted 83.43 87.94 NS 91.49 90.63 NS 74.64 85.00 0.051*

(24.30) (26.44) (26.59) (22.75) (18.92) (30.83)
z-score -1.82 -1.46 NS -1.13 -1.17 NS -2.57 -1.77 0.033*

(1.87) (2.06) (1.96) (1.80) (1.53) (2.37)
FEF

25-75
(L) 2.14 2.40 NS 2.43 2.46 NS 1.82 2.34 0.046*

(1.17) (1.22) (1.26) (1.09) (1.04) (1.40)
% predicted 72.89 77.88 NS 85.70 87.02 NS 58.91 67.90 NS

(36.65) (42.81) (39.53) (36.28) (28.70) (48.73)
z-score 1.23 1.67 0.048* 1.83 1.95 0.546 0.57 1.35 NS

(1.93) (2.14) (2.11) (2.04) (1.54) (2.30)
Data are presented as mean and standard dev iation in brackets, Statistical significance: *p<0.05, ¶p<0.01, LCI: Lung Clearance
Index, FVC: Forced Vital Capacity, FEV

1
:Forced Expiratory Volume in one second, FEF

25-75
: Forced Expiratory Fow 25-75,

NS: non-significant.



score that was significantly changed (p<0.05). As FEF
25-75

reflects the small airways resistance, it is an indication of
clinical improvement of affected distal airways. 

Pseudomonas aeruginosa is the most common iso-
lated pathogen from the sputum cultures in CF patients,
associated with recurrent pulmonary infections, leading
to irreversible structural damages. CF patients chronically
colonized with Pseudomonas aeruginosa are usually

treated with IV courses of antibiotics in order to maintain
their lung function and improve their quality of life37.
There are two main strategies to treat CF patients with
chronic pseudomonas aeruginosa infection; the elective
one (administering courses of IV antibiotics on a regular
basis) and the symptomatic treatment (treating the acute
pulmonary exacerbations). A recent systematic review in
Cochrane database38 explored whether an elective vs.
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Figure 1. Pre and post IV treatment lung clearance index (LCI) for study’s participants divided into two groups; Group A (patients
being treated on a regular basis) and Group B (patients being treated for an acute exacerbation).

Figure 2. Correlation between the change in lung clearance index (LCI) and the change in forced expired volume in 1st second %
predicted (FEV

1
%) among patients being treated either on a regular basis (  ) or in case of an acute pulmonary exacerbation (  ).
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symptomatic intravenous antibiotic treatment results in an
improvement in clinical status and survival rates. There
was only one39 multicenter study that compared elective
vs. symptomatic IV antibiotics using as an outcome meas-
ure the improvement in lung function after a 3-year-pe-
riod. They did not observe significant advantage of regular
elective antibiotic treatment over symptomatic treatment,
either in relation to clinical improvement, or to survival.

We investigated the impact of IV treatment on lung
function among children and adolescents with CF in a
short period of time. Group A showed significant improve-
ment only in LCI (p=0.018). Among group B patients both
spirometric and MBW parameters improved significantly:
LCI (p<0.0001), FEV

1
% and FEV

1
z-score (p<0.05).

Sanders et al40 showed that 23% of CF patients didn’t
manage to recover to baseline FEV

1
after a pulmonary ex-

acerbation. In the current study half the patients showed
an improvement in their spirometric parameters one
month after treatment and 52% of group B showed an in-
crease in FEV

1
, after administration of IV antibiotics for

their pulmonary exacerbation. MBW inhomogeneity in-
dices showed more significant difference than spirometric
parameters. A percentage of 42% of patients from group
A and 64% of patients from group B showed improvement
in both LCI and FEV

1
. Although LCI was improved in

both groups after therapeutic intervention, the mean LCI
difference was statistically more significant for group B
(p=0.001). Although lung volumes have been widely used
as an outcome measure in CF3-4,41, uneven ventilation dis-
tribution seems to be a more sensitive predictor of CF lung
disease after treatment interventions. Having more signif-
icant difference after IV intervention proves MBW indices
more sensitive to detect both, pulmonary damage during
acute pulmonary exacerbation and response to treatment. 

In conclusion, LCI that represents uneven ventilation
distribution in CF lungs is more sensitive marker than
FEV

1
to assess the effectiveness of IV antibiotic treatment

among CF children colonized with pseudomonas aerugi-
nosa. A significant treatment effect on most of lung func-
tion parameters after IV treatment of an acute pulmonary
exacerbation was observed. This finding indicates that ad-
ministrating IV antibiotic regimens is more effective on
FEV

1
and LCI, when it is given in case of an exacerbation

in comparison to administration on a regular basis. 
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