
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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